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Abstract

	A study was undertaken to research the polyphenolic composition of various plant materials by the use of UPLC and HRAM mass spectrometry. This was done in the context of proof-of-principle projects with the intention of attracting new funding. 
	Polyphenols are natural products present in all plant material. They are of benefit to animals as they play a role in the prevention of disease though the main focus of published research has been that of human health. The analytical challenge here is the characterisation of the polyphenols present within a complex biochemical background matrix. Also this will be applied to plant materials that have not yet been characterised in this manner or detail.
	The aim of this study is to address these challenges by using cutting edge instrumentation, namely UPLC to provide efficient chromatographic separation followed by detection using high resolution/accurate mass, mass spectrometry. Furthermore it is hoped that this new information will provide a route for adding value to industrial waste and also provide a way of satisfying consumer needs and demands within the tea industry by gaining a better understanding of the phytochemistry involved. An example of this is the profound effect of tea processing methods on the flavours and odours of the finished product, which is so far poorly understood.
	The focus included 3 areas of study: firstly the study of forestry waste, secondly the study of agricultural and aquacultural waste and thirdly the study of various types of tea. The techniques used were discovery metabolomics (untargeted) and external standard analysis for quantification (targeted). Also multivariate statistics were used for data interpretation including supervised and unsupervised models.
	The results provide a path for each of the industries involved to gain a commercial advantage or a competitive edge. In terms of the waste from the forestry, agriculture and aquaculture industries, profit could be made from this waste plant material and hence this can add to their financial viability. A wide array of polyphenolic compounds were shown to be present here including Rutin, Epigallocatechin gallate and Matairesinol. In the case of the tea industry, this analytical approach gave detail on the phytochemistry of teas which had undergone a variety of harvesting and processing methods and also provided tentative identifications for many compounds of interest including , Theasinensins, Theaflavins, Cyanidin and  Theogallin.
	From a wider perspective this approach can be readily applied to other plant materials to reveal metabolites of importance. Although polyphenols were the focus of this study, with minor adjustments, this workflow could be applied to the study of many other groups of compounds.
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General Introduction
The field of mass spectrometry has developed dynamically over recent years providing great potential as a tool for metabolomics. The new generation of untargeted/discovery mode mass spectrometers introduce significant advances in resolving power, sensitivity, robustness and extended dynamic range, making them attractive to the developing metabolomics community (Rubert, Zachariasova, & Hajslova, 2015). High-resolution mass spectrometers are the instrument of choice for this type of investigation allowing the researcher to distinguish between compounds of the same nominal mass (isobars) but different accurate mass. This is made possible by the extra detail provided by HRAM. Also, accurate mass measurement enables the calculation of empirical formulas. 
Advancement in separation science has added to this progress by overcoming some of the disadvantages of the direct infusion approach (Rigano, Tranchida, Dugo, & Mondello, 2019). Ultra-Performance Liquid Chromatography (UPLC) adds to this the separation, by retention time, of eluting components and subsequently reduces ion suppression. Ion suppression is caused by a reduction in the ionisation efficiency of the analyte caused by competition between the analyte and other components in the sample matrix. In addition, the separation of isobaric species by their particular affinity for the UPLC column stationary phase or the mobile-phase, makes their differentiation more likely. Furthermore, a good chromatographic separation will lead to better detection limits and reduced background noise (Dettmer, Aronov, & Hammock, 2006).
Over the past two decades, metabolomics has rapidly emerged as an area of post-genome research. The metabolome i.e. the set of all metabolites of an organism, represents the ultimate phenotype of cells due to gene expression and the regulation of protein functions caused by mutations and the environment. The metabolome can also influence gene expression and protein function. As a result, metabolomics plays a key role in understanding cellular systems. Metabolomics is applied in various ways from medical science to agriculture. As plants collectively produce far more compounds than animals or microorganisms, metabolomics becomes of particular importance here. Furthermore, in terms of the properties of benefit to humans, most of these can be attributed to plant metabolites (Verhoeven, de Vos, Bino, & Hall, 2006).
This complex array of metabolites provides a huge analytical challenge which can be approached in many ways from high throughput direct infusion ESI MS (Goodacre, York, Heald, & Scott, 2003) to UPLC and GC-MS and NMR (Dunn et al., 2011). The focus of this thesis is LC-MS, starting with legacy instrumentation and progressing to take advantage of cutting edge UPLC with modern analytical columns and HRAM MS. A large class of secondary metabolites known as polyphenolics were the main components of interest due to their relevance to human health and disease (Rizvi, 2009).

“Data does not equal information; information does not equal knowledge; and, most importantly of all, knowledge does not equal wisdom. We have oceans of data, rivers of information, small puddles of knowledge, and the odd drop of wisdom.”
								Henry Nix, Aurisa, 1990.
The data acquired was complex and remained as such until processed accordingly to convert this into usable information and finally knowledge (Kopka, J., Walther, D., Allwood, J.W. and Goodacre, 2011). Progress in the tools available for this have made multivariate statistics more accessible to laboratories in which access to informaticians is limited, allowing an individual to see the process through, all the way from hypothesis to new knowledge. Alongside the aforementioned metabolomic fingerprinting, metabolomic profiling was achieved using Progenesis QI with comparison to external databases to provide tentative identifications. A selection of polyphenols were also quantified by external standard analysis.

“The challenge is not data collection but in maximising information in data, knowledge and wisdom.”
Johan Trygg, 2019.

The research described in this thesis demonstrates that metabolomic fingerprinting and profiling using HRAM MS can provide new information and knowledge which can be used to add value to plant waste from various industries. It is also shown that this approach provides a route for companies producing plant based products e.g. the tea industry, to gain a commercial edge through improved harvesting practices, production techniques, quality control and ultimately satisfying consumer demands.


Chapter 1 

A study of polyphenolic
compounds in forestry waste, produced in North Wales, by the use of UPLC with HDMSe, QqQ-MRM, Q-ToF-MRM and Orbitrap PRM.

1.1 Introduction 

There has been much publicised about the health benefits of polyphenolic compounds over the past decades. Although strong evidence is scarce (D’Andrea, 2010) there is a growing weight of evidence toward the health benefits of this large group of naturally occurring compounds (De La Iglesia, Milagro, Campión, Boqué, & Martínez, 2010; Krikorian et al., 2019). The list of claims is ever growing yet most focus is around the protective properties of polyphenolics which counteract disease, different forms of cancer and bacterial infections (Watson, Preedy, 2014). Much of this is attributed to the antioxidant properties of this group of compounds and hence their ability to deal with oxidative stress and free radicals. Oxidative stress has been associated with many conditions including cancer, cardiovascular disease, diabetes, obesity, cataracts and neurodegenerative diseases (Lattanzio et al., 2008). Other studies though focus on polyphenols as phytoestrogens and their preventative effect on hormone-dependent cancers such as breast and ovarian cancer. Daidzein, equol and genistein have been studied and found to be higher in the urine of the Vietnamese, where these cancers are less prevalent compared to the USA (Kunisue, Tanabe, Isobe, Aldous, & Kannan, 2010).
Most of the research to date has been carried out in vitro and it is suggested that this is the cause of the short fall in more definitive data in the human context (De La Iglesia et al., 2010). Reviews of the evidence, with respect to Pycnogenol, seem to be polarised from the upbeat views expressed by the American Botanical Council (Council, 2001) to a later one in the Cochrane Library of Systematic Reviews (Schoonees, Visser, Musekiwa, & Volmink, 2012) which says that “the currently available evidence is not sufficient to support claims regarding its benefit in any chronic condition”. Again this points to a lack of sufficient in vivo research. The American Botanical Society review was funded by a major producer of Pycnogenol yet on the other hand the Cochrane Library review was independent. The Journal of Dentistry (Petti & Scully, 2009) provides evidence that polyphenols are effective in the improvement of oral health, especially in reducing the occurrence of oral cancer. Further in vivo studies are required to confirm research outcomes towards benefits in preventing periodontal disease and dental caries.
The bioavailability of polyphenolic compounds is highlighted as being of significant importance. Only monomers, dimers, trimers and tetramers of proanthocyanidins are shown to be absorbed in the gut of a rat and the rate of absorption dramatically decreases as the chain increases in length. Even from monomer to dimer the absorption rate decreases to 58%. Molecules longer than the tetramer show no absorption in the intact form and as a result oligomers and polymers do not contribute to monomer concentration in blood or urine unless they can be broken down (Ou & Gu, 2014). Many secondary benefits are attributed to longer chain proanthocyanidins. Proanthocyanidins are oligomeric flavonoids e.g. oligomers of epicatechin (E) and catechin (C) and also their gallic acid esters. Their benefits are thought to arise from being metabolised by gut microbiota and the resulting metabolites although their contribution is poorly understood. Bioavailability is the quantity of a nutrient that is digested, absorbed and metabolised. In relation to polyphenols, this shows much variation in the human body. Esters, glycosides and polymers of these compounds cannot be absorbed in their native form and require hydrolysis by gut enzymes or colonic microflora. For absorption to occur polyphenols must undergo biochemical modifications. Methylation, glucuronidation, sulphation, and ring-fission represent the major metabolic pathways. As a result the bioactive molecules in the blood and bodily tissues are very different from those present in the original food (Sang, Lambert, Ho, & Yang, 2011). 
Polyphenols are known to associate strongly with proline rich peptides and proteins. An example of this is the binding of high molecular weight tannins with saliva. Tannins are polyphenols often found in plant-based foods (Cai, Hagerman, Minto, & Bennick, 2006). Saliva is believed to have a screening benefit e.g. when ingested, tannins can have harmful effects, but saliva with its proline rich proteins, may provide protection against this issue. An area that requires an understanding of tannin–protein interactions is the role of polyphenols in human health. The article “Fifty Years of Polyphenol-Protein Complexes” (Hagerman, 2012) highlights a need for research in this area. 
It has been shown that polyphenolics do cross the blood brain barrier in mice and there is evidence for the potential of polyphenols to participate in the regulation of neuropeptides (Panickar, 2013). This is thought to have significance in the modern day with respect to obesity as polyphenols have been shown to influence food intake and satiety (McDougall, Gordon J. Stewart, 2005). Obesity is excessive body weight that leads to bad health. Easy access to high energy/low cost food is felt to be a basic cause of this chronic disease as is the lack of satiety of these foods. Obesity has reached epidemic proportions in both developed and developing countries. This has led to a serious global public health problem. The consequential economic impact is also the cause of much concern (Uzogara, 2017).
Although polyphenols can be found in many sources from strawberries to red wine, the focus of this study will be waste produced by the forestry industry of North Wales. Trees have been used as a source of beneficial concoctions for hundreds of years. Reports exist of ice-bound sailors in 1535, being trapped on the St. Lawrence River (Martini, 2002). Native Americans showed sailors how to treat disease by the consumption of a tea made from local tree bark. In 1951, this reported tale caught the interest of Jacques Masquelier, a French researcher. Masquelier developed an extraction technique and isolated proanthocyanidins from forestry waste in France, primarily from the bark of Pinus pinaster, the French maritime pine. This he had previously found to have vasoprotective potential. He named this extract Pycnogenol which is in essence a complex mixture of polyphenolic compounds with powerful antioxidant ability (D’Andrea, 2010). 
The aim of this work was to continue Masquelier's legacy by collaborating with local wood merchant, B. R. Warner Services. Samples of their most common waste from a variety of local trees was kindly provided. The samples provided were bark from Lodgepole pine (Pinus contorta), Scots Pine (Pinus sylvestris) and Oak (Quercus robur). Pycnogenol from Holland & Barrett was purchased as a reference. This study aims to determine whether it is possible in principle to add value to waste from the forestry industry of North Wales by providing detailed high resolution/accurate mass data which can provide information on the polyphenolics present.
 Rizvi et.al. state that over 8,000 polyphenolic compounds have been identified in plants (Rizvi, 2009). All plant phenolic compounds are made from a common intermediate, phenylalanine, or its close precursor, shikimic acid. They mainly occur in conjugated forms, with one or more sugar residues linked to hydroxyl groups. Distribution of phenolics in plants throughout the tissues, cells and at the subcellular levels is not uniform. Insoluble polyphenols are found in cell walls, whilst soluble polyphenols are present within the plant cell vacuoles. Rizvi et.al. also state that in general, it has been observed that the phenolic acid content decreases during ripening of fruits, whereas anthocyanin concentrations increase. Many polyphenols, especially phenolic acids, are directly involved in the stress response of plants: they contribute to healing of damaged areas by lignifications, they possess antimicrobial properties, and it is thought their concentrations can increase in response to infection. Furthermore, it is noted by Rizvi et.al. that cooking also has a major effect on concentration of polyphenols with the loss of quercetin (Fig. 82) in tomatoes and onions being between 75% and 80% of their initial value after boiling for 15 min, 65% after cooking in a microwave oven, and 30% after frying.
Over the past decade, increasing interest has been focused on the epigenetic mechanisms of natural products including polyphenols (Gerhauser, 2014). Epigenetics refers to changes in gene expression caused by mechanisms which don't alter the underlying DNA sequence. Epigenetic alterations allow cells and organisms to respond dynamically to changes in their environment throughout their development and life. Polyphenols have been shown to associate with enzymes involved in epigenetic gene regulation in vitro and in cell culture. It has been indicated that gut microbes and gut metabolites may be mediators of dietary-epigenomic interactions. It is proposed that the large variation in the gut microbiome of humans may be the cause of the observed variability in the uptake and action of polyphenolic compounds in in vivo studies (Gerhauser, 2018). The transformation of proanthocyanidins to their metabolites is seen to show much variation between individuals (Ou & Gu, 2014). The gut of a heathy individual can be home to more than 400 microbial species that in turn belong to over 190 genera. The composition of these in an individual is much dependant on factors such as age, ethnicity, gender, stress and health status, dietary habits and environmental factors such as contact with pathogens and use of medicine (Gerhauser, 2018; Ou & Gu, 2014).
Proanthocyanidins in aqueous solution are available for absorption in the small intestine but those present in food bulk matrix are not. It is believed that the mechanism for the absorption of water soluble proanthocyanidins is passive diffusion as no enterocyte transporters have yet been found. This of course may change. Flavan-3-ol monomers, like (+)-catechin and (-)-epicatechin, have been shown to be rapidly absorbed from food in the upper region of the small intestine (Ou & Gu, 2014).
In a paper by Serra et al., depolymerisation of proanthocyanidins in the gastrointestinal tract has been found to be negligible. The vast majority of these compounds reach the colon intact but are subsequently converted to phenylvalerolactone and phenolic acids by microbial action. These components may contribute to the observed health benefits of proanthocyanidins and polyphenols in general. In vivo studies have shown that phenylvalerolactone and phenolic acids are the predominant metabolites found in blood and urine. Food matrices were found to have a profound effect on the absorption of polyphenolic compounds, exemplified by the experiments of Serra et.al. on rats which were fed grape seed extract and a range of polyphenols were monitored. A fivefold increase in absorption was observed in rats with no carbohydrate in their diet compared to those with a high amount of carbohydrate (Serra, Romero, Valls, & Blade, 2009).
Absorption is not necessarily a requirement for bioactivity (Alonso & Guarner, 2013). Studies have shown that there is a pivotal role in human heath provided by gut microbiota.  Proanthocyanidins exert a prebiotic-effect on the gut microbes by modulating their metabolism. In a randomized, controlled, double- blind, crossover intervention study, a high-cocoa flavanol drink was consumed daily for 4 weeks. This significantly increased the population of beneficial bifidobacterial and lactobacilli and significantly decreased the population of harmful clostridia, suggesting the prebiotic benefits of procyanidins in cocoa (Tzounis et al., 2008). It has also been shown recently that the microbial metabolites of polyphenols exhibit greater permeability across the gut and the blood-brain barrier than the parent polyphenols do (Johnson et al., 2019). This further supports the important role of gut microbiota in disease prevention and human health in general.
There are many names and definitions given in numerous papers to the wide range of polyphenolic compounds. The following quoted definition and graphic helps to clarify this (Fig.1). “There are two kinds of flavanol-based oligomers: type B proanthocyanidins, which are formed from (+)-catechin and (-)-epicatechin with oxidative coupling occurring between the C4 of the heterocycle and the C6 or C8 positions of the adjacent unit, whereas type A have an additional ether bond between C2 and C7 . Proanthocyanidins that consist exclusively of (epi)-catechin units are called procyanidins and are the most abundant type in plants. On the other hand, the less common proanthocyanidins, containing (-)- epiafzelechin and (+)-afzelechin or (epi)gallocatechin subunits, are called propelargonidins and prodelphinidins, respectively ”(De La Iglesia et al., 2010). (See Fig.1 below)


[image: ]Fig.1 The classification of flavonoids




Polyphenols (sometimes referred to as polyphenolics) are a class of organic compounds with multiple phenol rings within a single structure. Examples of these phenolic substances are epicatechin and resveratrol which are both present in wine. A specific ring structure i.e. C6–C3–C6 3‐ring, is a feature of flavonoids (see Fig.2 below).

	              	[image: ]

Fig.2 Flavonoid A, C, B three ring structure C6–C3–C6.

In general polyphenols exist as glycosides in nature (Hagerman, 2012). Flavan‐3‐ols are the most abundant class of flavonoids. Flavan refers to a saturated C ring, and “‐3‐ol” refers to an –OH group at the C3 position. They include simple monomeric catechins, but most exist in oligomeric/polymeric proanthocyanidin forms. The larger, afore mentioned compounds, make up about 50% of the phenolics in red wine but negligible amounts are found in white wines (Waterhouse, Sacks, & Jeffery, 2016a). Flavonols have a ketone group at position C4 and a double bond between C2 and C3 as well as a phenol group at C3. Flavonols are present in berry skin, where it is thought that they function as a sunscreen, and increase in concentration by exposure high sunlight. Anthocyanins are red in colour characterized by a fully aromatic, positively charged ring.  Good quality red wines often have increased levels of anthocyanins. Their reactions with condensed tannins lead to more stable red wine pigments. (Waterhouse, Sacks, & Jeffery, 2016). 
	The phenolic acids form two groups; derivatives of hydroxybenzoic acid (Fig.3) e.g. gallic acid (-OH at positions 3 and 5) and hydroxycinnamic acid (Fig.4) e.g. p-coumaric acid, ferulic acid and caffeic acid all of which have an –OH group at position 4. Caffeic acid also has an OH at position 3 whereas ferulic acid has a –OCH3 at position 3. 
         [image: ]	        		 [image: ]

Fig.3 hydroxybenzoic acid				Fig.4 hydroxycinnamic acid

Although this is the case for terrestrial plant polyphenols, seaweeds (macroalgae) and other algae derive their polyphenols (phlorotannins) from 1,3,5 –trihydroxybenzene units (Burtin, 2003).

Proanthocyanidins are also known as condensed tannins. They consist of catechin monomers linked by C-4 and C-8 (or C-6). Procyanidins are the most abundant proanthocyanidins containing only catechin and epicatechin monomers. Procyanidin B1 is an example of the B-type procyanidins, with epicatechin and catechin being linked via an interflavan carbon bond between C-4 and C-8. Proanthocyanidins are colourless precursors of the anthocyanidins. Hydrolysable tannins consisting of a central core of glucose esterified with gallic acid (gallotannins) or with hexahydroxydiphenoic acid (ellagitannins). Lignans (Fig.5) are polyphenols containing two phenylpropane units and are present in food at low concentrations. Major sources include linseed and sesame.
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		a,				b,				c,
Fig.5 The molecular structures of (a) tannins, (b) lignans and (c) stilbenes.
Stilbenes (Fig.5) and stilbenoids (hydroxylated derivatives of stilbenes) are another group of polyphenols which are present in low concentrations in typical human nutrition. The most prominent example is resveratrol which is well known for its presence in red wine and connection with the so called "French paradox"(Jang & Cai, 1989; Rizvi, 2009). In most countries the high intake of saturated fat correlates positively with high mortality from coronary heart disease. The situation in France is paradoxical in that there is high intake of saturated fat but low mortality from coronary heart disease. Components of red wine are thought to be provide a protection factor and are thought to be significant in this observed paradox (Renaud & de Lorgeril, 1992).


1.2 Methods & Rationale

Ethanol was chosen for sample extraction as it is a food friendly solvent which also is known to efficiently extract the compounds of interest (Pandey, Chandra, Arya, & Kumar, 2014). The methods described by Pandey et al. were also used as a loose guide during the development of the extraction method. Using an extraction technique based on a food friendly solvent would be more suited to a product with a possible commercial future as a nutritional supplement. This choice was further backed up by an article on the extraction of flavonoids from the Chinese tree Ginkgo bilboa  (Pandey et al., 2014).
Ground work for the analytical method development was carried out on a Thermo Finnigan (Somerset, NJ 08873, USA) LCQ Deca 3D ion trap mass spectrometer using an ESI source. The chromatographic and mass spectrometry data was collected and processed using Xcalibur software (Thermo Scientific Ltd, Waltham, Massachusetts). This aspect of development, which occurred before new instrumentation was available, will be briefly discussed as it provided initial rational for the development of the methods used in the following chapters.
Each sample of bark was individually ground in a coffee grinder until a fine powder was achieved. 10g of this powder was weighed in to a clean glass beaker containing 100ml of ethanol, covered with Parafilm and sonicated in an ultrasonic water bath for 30 min. The slurry was left for 24 hours in a fridge and then re-sonicated for 30min. Once the sample had settled, the supernatant was split equally into Falcon tubes and centrifuged at 10,000 rpm for 30 min on a benchtop centrifuge. The resulting light brown/clear ethanol extract was combined and concentrated to 10ml by gentle heating to 60°C in a fume cupboard. 1ml of extract was equivalent to 1g of bark. This extract was kept in a freezer at -20°C until required. The method described was repeated for each type of bark.
An epicatechin standard was prepared of approximate 100mg/l in 50:50 methanol:water (both MS grade) and the addition of 0.1%  formic acid (also MS grade). This standard was used for the initial evaluation of the ionisation and spectra achieved in positive and negative mode using direct infusion on the LCQ Deca. For the polyphenols tested, negative mode resulted in better, more informative spectra with a good response. Also this finding agreed with published research as the vast majority of MS polyphenol work has been carried out in negative mode (Kıvrak, Kıvrak, Harmandar, & Çetintaş, 2013). See Fig.6 below.

[image: ]
Fig.6 MS spectrum of epicatechin in negative mode by direct infusion on the LCQ Deca.

This MS spectrum showed that epicatechin was visible on the LCQ Deca at 289 m/z [M-H]-. The spectra agreed with published m/z figures (Yesil-Celiktas et al., 2009). The monomer of epicatechin, 289m/z [M-H]-, could clearly be seen in negative mode. Indications of oligomers were present at higher m/z ratios, which may have been created in the ESI chamber of the LCQ Deca (Fig. 6). Additional confirmation that the main m/z obtained by direct infusion was in fact epicatechin was obtained when the MS-MS spectrum was created. This agreed well with expected fragmentation (Pandey et al., 2014, Li et al., 2001, Ben Said et al., 2017) see Fig.7 below.
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Fig.7 MS-MS spectrum of epicatechin in negative mode by direct infusion on the LCQ Deca.

The loss of 44 (CH3CHO) from 289m/z to create the dominant 245m/z ion was confirmed in literature as a key feature of this MS-MS spectrum (Pandey et al., 2014). A standard containing a range of polyphenolic compounds was prepared based on their relevance in publications and also cost and availability (Kıvrak et al., 2013). The standard was weighed into a grade A volumetric flask, aiming for a concentration in the 100mg/l range. The components chosen were vanillic acid, caffeic acid, (-)-epicatechin, p-coumaric acid, t-ferulic acid and quercetin. The components were dissolved in 50:50 water:methanol (MS grade for both). 
Although adding protons in order to create negative ions seems counter-intuitive it works in practice. This observation has been reported by many research groups and is often referred to as “wrong-way-round” (Hua & Jenke, 2012). In this paper it is suggested that weak acids have an electrochemical effect at the ESI tip, which facilitates negative ion production by deprotonation. Furthermore, it was suggested that acetic acid would perform better than formic acid as a mobile phase modifier due its higher gas phase proton affinity. By conducting a comparison in the laboratory, a marked improvement was observed by using acetic acid as a modifier rather than formic acid. This finding was further validated by the graphic below from the Agilent LC Handbook (Agilent Technologies, 2015) (p.105).
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Fig.8 Screening of mobile phase modifiers for tea analysis using ESI with an Agilent Poroshell 120 SB-C18. (Reproduced with the kind permission of Agilent UK Ltd.)

To add to this, it was observed that an improvement in response was gained by decreasing the concentration of acetic acid from 0.2% to 0.1%.  It was therefore chosen to use 0.1% MS grade acetic acid as the mobile phase modifier.
	Sonication was used to ensure that components were thoroughly dissolved. Direct infusion was performed in negative mode with this standard. Parent  daughter transitions (Tab. 5) were as expected based on publications (Kıvrak et al., 2013). 
The design of the method was developed through reading published articles (Kıvrak et al., 2013; Yesil-Celiktas et al., 2009) , Agilent’s application note on Green Tea Analysis (Mack & Long, 2011) . An Agilent Poroshell 120 SB-C18 column (10cm x 2.1mm x 2.7μm) or equivalent was used throughout this thesis.


1.21 Synapt G2-Si Untargeted Method (HDMSe)
This type of experiment is referred to in many different ways by the main MS equipment manufactures but this is essentially a method for the discovery of new components of interest. HD is Waters reference to ion mobility and MSe is the Waters terminology for an acquisition that gathers MS data, within a specified m/z range, on all the parent ions that elute. All parent ions are subsequently fragmented to create daughter ions. The Synapt G2-Si is a Q-ToF MS with incorporated ion mobility (see Fig.11). Ion mobility data, acquired as drift time, can be converted to collision cross section values (CCS) once calibrated against a known reference. File sizes for this mode of acquisition are large and the data is complex. The data was acquired and stored as continuum spectral data (also known as ‘profile’ data). The lockmass signal for mass correction was acquired but not applied at this stage as the mass correction was applied later in Progenesis QI. A powerful computer and informatics software are required for data processing which can often require more time than the data acquisition itself. The qualitative results obtained are used as a stepping stone towards a targeted method, as described in sections 1.22, 1.23 and 1.24. This progression is only made once prospective new analytes of interest have been chosen from the untargeted/discovery stage. The discovery process for characterisation and advancement in understanding of plant material has been applied by many laboratories, examples of which are the publications of Ibrahim M. Abu Riedah et al. (Abu-Reidah et al., 2012; Abu-Reidah, Arráez-Román, Warad, Fernández-Gutiérrez, & Segura-Carretero, 2017; Abu-Reidah, Arraez-Roman, Segura-Carretero, & Fernandez-Gutierrez, 2013; Abu-Reidah, Arráez-Román, Segura-Carretero, & Fernández-Gutiérrez, 2013).
	The UPLC used was a Waters I-class instrument. The conditions below (Tab.2) are similar to the targeted analysis on the Xevo TQ-XS (section 1.22). Slight modifications were made to accommodate a Waters Cortecs UPLC C18+ 2.7u x 2.1mm x 100mm superficially porous column. The stationary phase has a slight modification compared to a standard C18 which is indicated by the plus sign. A positive charge is present on the surface of this stationary phase, which is has been shown to provide good peak shape for polyphenols at low pH. This column was found to be very similar in performance to the Poroshell 120 when evaluated with standard components.

	Mobile phase:90%A:10%B. A=Water 0.1% Acetic Acid, B=MeOH 0.1% Acetic Acid

	Flow: 0.5 ml/min

	Column Oven: 40°C

	Injection volume: 1μl

	Gradient: 90:10 initially to 0:100 over 4 min, back to 90:10 over 0.2 min.

	Hold at this combination for 0.8 min to equilibrate prior to the next injection. 



Tab.2 I-Class UPLC method conditions
The conditions used for the Synapt G2-Si MS were;
	Continuum acquisition and storage

	Mass range 50 to 1200 Da

	Negative ion in resolution mode

	Scan time 0.2 sec

	Collision energy ramp on transfer cell 15 to 45v

	Cone voltage: 40v

	Lock mass properties:

	Not applied but collected for later use in data processing

	Leucine Enkephalin reference (554.2615 Da)

	Scans to average 3

	mass window +/-0.5Da

	Lock mass Interval 30sec



Tab.3 Synapt G2-Si method conditions
Progenesis QI (Nonlinear Dynamics, a Waters Company) was the informatics software used to transform the large data files created into useful information and knowledge. Data was transferred to the informatics workstation, compressed with the Waters noise reduction tool and processed with Progenesis QI. Data files were imported and a ‘between subjects’ type experiment was chosen to look for differences between extracts and blanks. This effectively served to remove the contribution of background ions. The leucine enkephaline lockmass correction was applied in Progenesis QI and peaks were aligned and picked. Ions were compared to the ChemSpider Polyphenols database (Vos et al., 2010). This database was chosen in order to focus on the components being researched. The plethora of tentative identifications returned were filtered by score, maximum fold change and ANOVA p-values. Identifications were also manually assessed. Below (Fig.9) can be seen the data processing workflow followed in Progenesis QI.
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Fig.9. The data processing workflow followed in Progenesis QI

This statistical approach using Progenesis QI is a standard approach in discovery/untargeted metabolomics although many alternative platforms exist. The use of this powerful tool should be treated with an element of caution. False positives and negatives are easy to come by. QC samples containing known analytes are a useful check to show that this approach can in fact see analytes that are known to be present. Many replicates are necessary to reduce statistical variance in order to achieve high identification scores and ANOVA p-values that are <=0.05. Maximum fold change should be infinite when the sample condition is compared to the blank condition. These approaches are applied in order to be certain that a real change is observed between sample and blank. Absolute identification certainty can only be achieved by a subsequent progression to targeted analysis in which known reference standards are used to confirm identity and quantity of analytes. The following three sections cover this approach (1.22, 1.23, and 1.24).


1.22 Xevo TQ-XS Targeted Method (MRM)
To further progress this study, the Poroshell 120 SB-C18 column was setup on a Waters (Milford, Massachusetts, USA) I-Class UPLC which was linked a Xevo TQ-XS triple quadrupole mass spectrometer with a standard ESI source. The main purpose of an instrument of this type is for high throughput analysis on known analytes. In MS terms this type of approach is referred to as targeted analysis. Its qualities are that it is a very specific, sensitive and quantitative approach. The focus of this technique is that only the targeted components will be visible and all the other ions are ignored. Discovery of new compounds is not possible with this type of method. 

[image: ]Fig.10 Schematic of the Xevo-TQXS (Reproduced by kind permission of the Waters Technologies Corporation)

Method conditions were modified during the transfer from the legacy instrument to this state-of-the-art equipment. The use of UPLC allows for a much quicker and efficient chromatographic output, which makes use of modern advancements.  Dead volumes are decreased, injection volumes are decreased and the ability to resolve complex mixtures in a shorter time is greatly improved. 


The UPLC method conditions were as follows:

	Mobile phase:70%A:30%B. A=Water 0.1% Acetic Acid, B=MeOH 0.1% Acetic Acid

	Flow: 0.5 ml/min

	Injection volume: 1μl

	Column Oven: 40°C

	Gradient: 70:30 initially to 0:100 over 4 min, back to 70:30 over 0.5 min.

	Hold at this combination for 0.5 min to equilibrate prior to the next injection. 



Tab.4 I-class UPLC method conditions

The Xevo TQ-XS was setup with an MRM of 7 mass pairs in negative mode. The parent daughter transitions were as follows;
	p-coumaric acid m/z 163  m/z 119

	vanillic acid m/z 167  m/z 108

	caffeic acid m/z 179  m/z 135

	trans ferulic acid m/z 193  m/z 178

	(-)-epicatechin m/z 289  m/z 245

	quercetin m/z 301  m/z 179

	Sinapic acid m/z 223  m/z 208



Tab.5 Xevo-TQXS MRM transitions

	Sinapic acid was also included in the standard at this stage as it had been tentatively identified in the HDMSe discovery work (p.35, CSID10290, Sinapic acid, [2M-H]-, C11H12O5, score 43.4) and literature searches highlighted its potential therapeutic applications in the treatment of various diseases (Nićiforović & Abramovič, 2014). 
	A Waters ESI source was used to transfer eluted ions from the mobile phase to the gas phase. These gas phase ions enter the mass spectrometer via the cone in the ion source. The cone voltage used was 20V and the collision energy was 30V for all components.
A sample sequence was setup in the Waters MassLynx software. The sequence is a list of instructions for the autosampler including file names, MS methods, UPLC methods, injection volume and vial positions in the autosampler trays. Three dilutions of the standard stock solution were prepared. These were diluted with mobile phase in 10ml grade A volumetric flasks. The standards prepared were x10, x100 and x1000 dilutions of the stock solution. Bark extracts were diluted by 100 times, also using mobile phase. Standards and samples were injected (2μl) across the range of standards and samples multiple times. Standards were injected at regular intervals throughout the sequence as a check on consistency of response. Also blanks were injected after standards to illustrate that no carry-over was present, which would adversely affect the quality of quantification in this analysis. Fisher Scientific OptimaTM grade MS solvents and modifiers were used. 
Plastic was avoided wherever possible to reduce the risk of contamination from plasticisers. Mobile phases were prepared daily, also to reduce the risk of contamination, in this case primarily from microbial growth. 
Efficient online degassers within the pump module avoid the requirement to degas externally through sonication, filtration or a Helium sparge. The pump was primed daily prior to running a sequence of sample injections; priming purges the system of air bubbles and pulls through fresh eluent. A delta value (change in pressure) of less than 20 psi was achieved prior to beginning a sequence as an indication that a sufficient equilibration period had been observed. 
All of these points are seen as good practice and greatly increase the likelihood of creating good quality data with consistent retention times and reliable calibrations. Quantification was achieved by comparison of sample peak areas to the areas of an external standard under the same conditions. Replicates were used in order to average out analytical variation.


1.23 Synapt G2-Si Targeted Method (ToF-MRM)

As will be seen in the result section, the quantification of quercetin by the Xevo-TQXS method previously described was unsuccessful due to an unusual chromatographic effect between the analyte and the Poroshell 120 SB-C18 column. The calibration was not linear for quercetin and therefore unusable. A new targeted method was developed, using the previous method as a starting point, in order to gain a useable linear quantification method for quercetin. 
To avoid the chromatographic effect seen on the Agilent Poroshell 120 SB-C18 column an Agilent XDB C18 with a 5μm standard particle was used instead with dimensions 4.6mm x 150mm. This was setup on a Waters (Milford, Massachusetts, USA) I-Class UPLC which was linked to a Synapt G2-Si mass spectrometer. This is a quadrupole time of flight instrument (QToF) with the addition of ion mobility spectrometry (IMS). The IMS function was not required in this situation and was therefore not enabled. 
Traditionally the Synapt G2-Si is used for discovery mode HDMSe type experiments but this MS is capable of many different types of mass spec experiment including the ToF-MRM targeted approach. This is a break from traditional thinking but there are clear advantages using this approach as outlined in a Waters technology brief on this subject (Tomczyk, Wallace, Richardson, Grzyb, & Wildgoose GOA, 2013). In summary, as accurate mass is a key attribute of the Synapt G2-Si, due to its time of flight detector, methods created on this instrument can have much more selectivity as well as good sensitivity. An enhanced duty cycle is implemented to maximise instrument sensitivity during quantification. With the added ability to improve selectivity further by the use of ion mobility and isotope ratios, this is felt to be an enhancement of the traditional MRM method.  
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Fig.11 Schematic of the Synapt G2-Si (Reproduced by kind permission of the Waters Technologies Corporation)

	Mobile phase:60%A:40%B. A=Water 0.1% Acetic Acid, B=ACN 0.1% Acetic Acid

	Flow: 1.0 ml/min

	Injection volume: 10μl

	Column Oven: 40°C

	Gradient: 60:40 initially to 0:100 over 5 min, back to 60:40 over 0.2 min.

	Hold at this combination for 0.8 min to equilibrate prior to the next injection. 



Tab.6 I-Class UPLC conditions for the ToF-MRM acquisition.

The Synapt G2-Si was setup with an MRM of 1 mass pair only in negative mode, the parent daughter transition was as follows;
Quercetin m/z 301.04  m/z 179.00
Acetonitrile (ACN) was used instead of methanol as this gave a slightly improved chromatographic peak on this column. The Synapt G2-Si was setup in ToF-MRM mode with the quercetin parent/daughter transition being its only focus. This resulted in a method of high sensitivity as well as high specificity in which all other ions were ignored. In order to gain accurate mass on a ToF MS, the mass axis needed to be calibrated throughout the acquisition. This was achieved by the use of a second probe which enters the ESI source. A lockmass solution is infused through the second probe as the output of the UPLC enters simultaneously via the primary analytical probe. A metal baffle was set to quickly switch to the lockmass input once every 30 seconds during the run. The lockmass used was a 200pg/μl leucine encephalin solution which gives a known point of reference of m/z 554.2771 in negative mode. This was set to be automatically applied (m/z output corrected on the fly) in order to constantly correct the mass axis.  The LockSpray ion source was specifically designed for the Waters Z-SprayTM API interface for LC-MS using ESI or APCI (see Fig.12)
    [image: ]        
     
Fig.12 Waters Z-SprayTM API interface for LC-MS using ESI (Reproduced by kind permission of the Waters Technologies Corporation).                              
              Adjustments were made to the UPLC method used in the Xevo TQ-XS MRM method in order to accommodate the different column and change to acetonitrile as the mobile phase. The method was developed by injection of a quercetin external standard and adjustments made to flow and mobile phase gradient in order to achieve good chromatography in a reasonable time.  Once this was achieved, a sequence was created in MassLynx to inject a series of standard dilutions and sample extracts. Blanks were acquired after standards to show that carryover was not distorting the quantification of the extracts. Quantification was achieved by comparison of sample peak areas to the areas of an external standard under the same conditions. Replicates were used in order to average out analytical variation.

1.24 Q Exactive Plus Targeted Method (PRM)
	The discovery mode experiment performed in section 1.21 was used as a tentative identification guide to choosing polyphenolic compounds that could be specifically targeted. Four analytes were chosen based on factors such as high confidence score, good abundance and also their reported health benefits in literature. It should also be noted that discovery mode data from a range of extracts in chapter 2 was also included in the process of choosing analytes to target. Furthermore, it must be stated that the cost of purchasing standards was also a factor in decision making.
	Paeonol (2’-hydroxy-4’-methoxyacetophenone) was the first of 4 components chosen to target. This component has been shown to play a significant role in Chinese medicine (Bahri, Ben Ali, Abidi, & Jameleddine, 2017; Ding et al., 2017; Shun-jun Xu1, 2, Liu Yang3, Xing Zeng3, 2006). 
[image: ]                  
Fig.13 Molecular structure of Paeonol (2’-hydroxy-4’-methoxyacetophenone)
	S-equol was also identified by the discovery mode process on the Synapt G2-Si. This component has become of key focus in the debate about the Western diet and the significance of microbiota in human health. The polyphenol diadzein can be metabolised to S-equol in the intestines by the correct bacterial flora. The correct flora are only observed in 30 to 50% of individuals (Frankenfeld et al., 2005). S-Equol is a selective oestrogen agonist and is thought to have a role in reducing menopausal symptoms in general and much interest has been shown in developing S-Equol as an alternative hormone therapy to protect against osteoporosis in postmenopausal women (Schwen, Nguyen, & Jackson, 2012). 

	 
	          		[image: ]        

Fig.14 Molecular structure of S-Equol


	(-)-Epigallocatechin-3-gallate (EGCG) was the third molecule chosen for this targeted method. Literature highlighting the benefits of EGCG is prolific. A key point of focus being green tea of which EGCG is a major component. EGCG is also found as a significant component in other tea types such as Oolong, white, yellow and purple (see chapter 3). Links to the prevention of cancer and heart disease are often made amongst many other conditions. (Lambert, Sang, & Yang, 2007; Sang et al., 2011) 

		[image: ]

Fig.15 Molecular structure of (-)-Epigallocatechin-3-gallate (EGCG)

	Finally, Rutin, also called rutoside, quercetin-3-O-rutinoside and sophorin was chosen as the 4th analyte to be targeted. This glycoside combines the polyphenol quercetin and the disaccharide rutinose. It has been widely used in treatment of chronic venous insufficiency and also many other illnesses including glaucoma, varicose veins and cirrhosis (Chen et al., 2015). 
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Fig.16 Molecular structure of Rutin, also called rutoside, quercetin-3-O-rutinoside and sophorin.
The system used for this external standard targeted analysis was a Vanquish UHPLC linked to a Q Exactive Plus mass spectrometer (Thermo Scientific Ltd, Waltham, Massachusetts). The conditions below are similar to that of the targeted analysis performed on the Xevo TQ-XS. Slight modifications were made to accommodate a Waters Cortecs UPLC Shield RP18 2.7u x 2.1mm x 100mm superficially porous column. The stationary phase is modified compared to a standard C18. The Shield RP18 column incorporates an imbedded polar carbamate group into the bonded phase ligand which provides alternative selectivity for phenolic compounds. A Waters Vanguard guard column system was used to protect the analytical column. A specific cartridge with the same stationary phase as the analytical column was used.

	Mobile phase: 70%A:30%B. A=Water 0.1% Acetic Acid, B=MeOH 0.1% Acetic Acid

	Flow: 0.55 ml/min

	Column Oven: 40°C

	Injection volume: 1μl           

	Gradient: 70:30 initially to 1:99 over 4 min, back to 70:30 over 0.2 min.

	Hold at this combination for 0.8 min to equilibrate prior to the next injection. 



Tab.7 Vanquish UHPLC method conditions

The Q Exactive Plus which is a hybrid quadrupole-orbitrap MS. An orbitrap is a type of ion trap MS. It has an outer barrel-electrode and a coaxial inner spindle-electrode, which is able to trap ions in an orbital motion around the inner electrode. An image current from the trapped ions is created which is subsequently converted to a mass spectrum using a Fourier transformation of the signal. A quadrupole is used for precursor selection and transmission prior to the orbitrap.  Please see the schematic below (Fig.17).
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Fig.17 Schematic of the Q Exactive Plus MS
Andy Gahan (www.thepixelbullies.com) [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]


This high resolution MS is capable of performing data independent analysis for a discovery workflow and also targeted analysis for quantification with the added benefit of accurate mass. A parallel reaction monitoring (PRM) experiment was chosen here. Even though a maximum resolution of 280,000 is available for selection, it is necessary to achieve a practical balance. “How much resolution is actually required?” is a valid question to ask here. It was observed that too high a resolution gave a lower signal to noise ratio and also did not provide enough data points across the peaks of interest to achieve good quality quantification. Hence at resolution of 35,000 was found to be the right balance on this occasion. Other MS settings were AGC target 2e5, Maximum IT 110ms, Loop Count 100, Isolation window 0.4m/z and nce: 35. A mass tolerance of 5ppm was used during data processing. This analysis, as with the previous experiments, was carried out in negative mode. The following [M-H]-  parent/daughter transitions were used for the analytes in the PRM method inclusion list.
	Paeonol   165.0552 m/z      150.0321 m/z
	Collision energy 22

	S-Equol    241.0870 m/z      121.0295 m/z
	Collision energy 18

	EGCG        457.0776 m/z       169.0145 m/z
	Collision energy 10

	Rutin         609.1461 m/z       301.0354 m/z
	Collision energy 25



Tab.8 PRM transitions and collision energies

A stock solution was prepared from standard components purchased from Sigma-Aldrich and Fisher Scientific. Dilutions were carried out at 5 levels. Each standard level was run in duplicate. This gave a total of 12 points on the regression curve, which was used to determine the coefficient of determination (R2) and to ultimately calculate the sample results. Samples were prepared as in the previous sections and run in triplicate. Data was processed using Xcalibur software v4 and Microsoft Excel.


1.3 Results
In this section the results are displayed in the same order as the previously described methods. Addition data, including abundance values, is available in the appendices (A1 p.252).


1.31 Synapt G2-Si Untargeted Method (HDMSe)     

4

	Accepted ID
	Accepted Description
	Adducts
	Formula
	Score

	CSID600426
	trans-caffeic acid
	M-H
	C9H8O4
	58.3

	CSID9964
	Tyrosol
	M-H2O-H
	C8H10O2
	58.0

	CSID553148
	(E)-p-coumaric acid
	M-H
	C9H8O3
	58.0

	CSID154076
	Dihydrodaidzein
	M-H
	C15H12O4
	57.5

	CSID24844949
	Quercetin 4'-O-glucuronide
	M-H
	C21H18O13
	57.3

	CSID10181341
	Phenylacetic acid
	M-H
	C8H8O2
	56.9

	CSID23254884
	Isopropyl 3-(3,4-dihydroxyphenyl)-2-hydroxypropanoate
	M-H2O-H
	C12H16O5
	56.8

	CSID59696173
	7-Hydroxymatairesinol
	M-H2O-H
	C20H22O7
	56.5

	CSID4477169
	isorhamnetin 3-glucoside
	M-H
	C22H22O12
	56.3

	CSID28554480
	1-(2,4-Dihydroxy-5-methoxyphenyl)-2-(4-hydroxyphenyl)-1-propanone
	M-H
	C16H16O5
	55.4

	CSID4945466
	trans-5-O-(4-coumaroyl)-D-quinic acid
	2M-H
	C16H18O8
	55.1

	CSID389606
	Eriodictyol
	2M-H
	C15H12O6
	53.9

	CSID109417
	(+)-Procyanidin B2
	M-H
	C30H26O12
	53.6

	CSID30777607
	(3S,4S)-3-(4-Hydroxyphenyl)-4,7-chromanediol
	M-H
	C15H14O4
	53.5

	CSID97088
	Daidzin
	M-H2O-H
	C21H20O9
	53.3

	CSID389606
	Eriodictyol
	2M-H
	C15H12O6
	53.1

	CSID10211379
	Dihydroformononetin
	M-H
	C16H14O4
	52.8

	CSID109417
	(+)-Procyanidin B2
	M-H
	C30H26O12
	51.9

	CSID154076
	Dihydrodaidzein
	M-H
	C15H12O4
	51.0

	CSID154086
	Ourateacatechin
	M-H
	C16H16O7
	50.8

	CSID35015223
	Dihydrodaidzein 7-glucuronide
	M-H
	C21H20O10
	50.7

	CSID154076
	Dihydrodaidzein
	M-H
	C15H12O4
	49.4

	CSID65230
	(-)-Epicatechin
	M-H2O-H
	C15H14O6
	49.2

	CSID30777598
	5,7-Dihydroxy-8,4'-dimethoxyisoflavone
	M-H2O-H
	C17H14O7
	48.8

	CSID4445121
	tectoridin
	M-H
	C22H22O11
	48.2

	CSID4444051
	Quercetin
	M-H
	C15H10O7
	48.0

	CSID154086
	Ourateacatechin
	M-H
	C16H16O7
	47.6

	CSID238
	Benzoic acid
	2M-H
	C7H6O2
	47.1

	CSID59696173
	7-Hydroxymatairesinol
	M-H2O-H
	C20H22O7
	46.9

	CSID391108
	Dalbergione
	M-H
	C16H12O4
	46.6

	CSID24844949
	Quercetin 4'-O-glucuronide
	M-H
	C21H18O13
	46.5

	CSID30777630
	Glycitein 4'-O-glucuronide
	M-H2O-H
	C22H20O11
	46.0

	CSID30777587
	2'-Hydroxyenterolactone
	M-H2O-H
	C18H18O5
	45.4

	CSID10176
	Hesperidin
	M-H2O-H
	C28H34O15
	45.3

	CSID4444448
	Genistein
	2M-H
	C15H10O5
	45.3

	CSID553148
	(E)-p-coumaric acid
	2M-H
	C9H8O3
	44.6

	CSID1675
	Homovanillic acid
	2M-H
	C9H10O4
	44.2

	CSID28554480
	5'-Methoxy-O-desmethylangolensin
	M-H
	C16H16O5
	44.2

	CSID30777587
	2'-Hydroxyenterolactone
	M-H
	C18H18O5
	44.2

	CSID30777587
	2'-Hydroxyenterolactone
	M-H
	C18H18O5
	43.8

	CSID10290
	Sinapic acid
	2M-H
	C11H12O5
	43.4

	CSID4477169
	isorhamnetin 3-glucoside
	M-H
	C22H22O12
	43.4

	CSID97034
	(-)-Epicatechin-3-O-gallate
	M-H
	C22H18O10
	43.4

	CSID24842912
	Violanone
	M-H2O-H
	C17H16O6
	43.3

	CSID28982
	4-Ethylphenol
	2M-H
	C8H10O
	43.3

	CSID109417
	(+)-Procyanidin B2
	M-H2O-H
	C30H26O12
	43.2

	CSID600426
	trans-caffeic acid
	2M-H
	C9H8O4
	43.2



Tab.9  Continued

	Accepted ID
	Accepted Description
	Adducts
	Formula
	Score

	CSID4444361
	isoquercetin
	M-H
	C21H20O12
	43.1

	CSID30777621
	Epicatechin 3'-glucuronide
	M-H
	C21H22O12
	43.0

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H2O-H
	C25H24O12
	43.0

	CSID4445093
	3,4-Dicaffeoylquinic acid
	M-H2O-H
	C25H24O12
	42.7

	CSID30777581
	(-)-Epigallocatechin 3'-glucuronide
	M-H
	C21H22O13
	42.7

	CSID97088
	Daidzin
	M-H2O-H
	C21H20O9
	42.5

	CSID30777618
	Dihydrocaffeic acid 3-O-glucuronide
	2M-H
	C15H18O10
	42.4

	CSID30777587
	2'-Hydroxyenterolactone
	M-H
	C18H18O5
	42.3

	CSID30777622
	(-)-Epicatechin 7-O-glucuronide
	M-H2O-H
	C21H22O12
	42.0

	CSID388690
	L-(+)-Mandelic Acid
	3M-H
	C8H8O3
	41.9

	CSID35015223
	Dihydrodaidzein 7-glucuronide
	M-H
	C21H20O10
	41.9

	CSID4444973
	Isorhamnetin
	3M-H
	C16H12O7
	41.8

	CSID24842912
	Violanone
	M-H2O-H
	C17H16O6
	41.7

	CSID109417
	(+)-Procyanidin B2
	M-H2O-H
	C30H26O12
	41.6

	CSID106491
	Matairesinol
	M-H
	C20H22O6
	41.6

	CSID30776738
	5-(3,4-Dihydroxyphenyl)pentanoic acid
	2M-H
	C11H14O4
	41.6

	CSID4445094
	Irisolidone
	M-H2O-H
	C17H14O6
	41.6

	CSID30777589
	5-[(E)-2-(3-Hydroxy-4-methoxyphenyl)vinyl]-3-(hydroxymethyl)-2-methoxyphenol
	M-H2O-H
	C17H18O5
	41.5

	CSID35015219
	5-(3,5-Dihydroxybenzyl)dihydro-2(3H)-furanone
	M-H2O-H
	C11H12O4
	41.5

	CSID154086
	Ourateacatechin
	M-H
	C16H16O7
	41.5

	CSID65231
	(-)-Epigallocatechin
	M-H
	C15H14O7
	41.1

	CSID16039
	Homovanillyl alcohol
	2M-H
	C9H12O3
	41.1

	CSID10211379
	Dihydroformononetin
	M-H
	C16H14O4
	41.0

	CSID19283896
	2-(4-Hydroxyphenyl)-1-(2,4,6-trihydroxyphenyl)-1-propanone
	M-H
	C15H14O5
	41.0

	CSID553148
	(E)-p-coumaric acid
	2M-H
	C9H8O3
	40.9

	CSID553148
	(E)-p-coumaric acid
	2M-H
	C9H8O3
	40.8

	CSID26367754
	3-(4-Hydroxyphenyl)-6-methoxy-7-chromanol
	M-H
	C16H16O4
	40.8

	CSID7975151
	3-O-Feruloylquinic acid
	2M-H
	C17H20O9
	40.6

	CSID30777598
	5,7-Dihydroxy-8,4'-dimethoxyisoflavone
	M-H2O-H
	C17H14O7
	40.6

	CSID600426
	trans-caffeic acid
	2M-H
	C9H8O4
	40.5

	CSID26368740
	4-(7-Hydroxy-3,4-dihydro-2H-chromen-3-yl)-1,2-benzenediol
	M-H
	C15H14O4
	40.5

	CSID30777654
	Urolithin B 3-O-glucuronide
	M-H2O-H
	C19H16O9
	40.5

	CSID553148
	(E)-p-coumaric acid
	2M-H
	C9H8O3
	40.5

	CSID30777589
	5-[(E)-2-(3-Hydroxy-4-methoxyphenyl)vinyl]-3-(hydroxymethyl)-2-methoxyphenol
	M-H2O-H
	C17H18O5
	40.3

	CSID109417
	(+)-Procyanidin B2
	M-H
	C30H26O12
	40.1

	CSID4444051
	Quercetin
	2M-H
	C15H10O7
	40.0




Tab.9 The above table shows the ChemSpider ID, the chemical name, the adduct observed, the chemical formula and the score rating attributed by Progenesis QI when compared to Phenol-Explorer. Only scores over 40 are listed with the rest being ignored. The higher the score the higher the confidence of a correct identification (see p. 76).
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Tab. 9a Heat map of average abundances of the polyphenols identified for the 4 sample types.
Kindly created in Matlab by Elise. S. Potter [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]


[image: ]Fig.18 Sample chromatograms acquired during a 5 minute HDMSe mode acquisition. From top to bottom; Pycnogenol, Scots Pine, Oak and Lodge pole pine.



1.32 Xevo TQ-XS Targeted Method (MRM) 
         [image: ]    
Fig.19 Standard of 7 analytes showing the extracted ions for each.
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             Fig.20 Standard of 7 analytes showing signal to noise ratio of all 7 analytes.
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Fig.21 Lodge pole pine bark, extracted ion chromatogram of the 7 targeted analytes.
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Fig.22 Oak bark, extracted ion chromatogram of the 7 targeted analytes.
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Fig.23 Scots pine bark, extracted ion chromatogram of the 7 targeted analytes.
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Fig.24 Pycnogenol tablet, extracted ion chromatogram of the 7 targeted analytes used as a qualitative reference.
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Tab.10 Calibration and quantification of (-)-epicatechin in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.11 Calibration and quantification of Caffeic acid in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
Figures shown in red are below the calculated LOD.
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Tab.12 Calibration and quantification of Vanillic acid in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.13 Calibration and quantification of p-coumaric acid in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.14 Calibration and quantification of trans-ferulic acid in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.15 Calibration and quantification of sinapic acid in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.16 Calibration and quantification of Quercetin in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.


The quercetin results have been included for completeness as it illustrates how the method fails when applied to the analysis of this component (R2 = 0.0399). There is a lack of linearity which shows that this method cannot be used for quercetin quantification. This issue was resolved as described in the next section. 



1.33 Synapt G2-Si Targeted Method (Q-ToF MRM)   
[image: ]
Fig.25 Eight quercetin calibration standards run at 4 different concentrations.
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Fig.26 Signal to noise measurement of quercetin at 0.20mg/l.


[image: ]Fig.27 Lodge pole pine extract targeted analysis for quercetin.
[image: ]           Fig.28 100 x diluted lodge pole pine extract targeted analysis for quercetin.
[image: ]


Fig.29 The top 2 chromatograms (a and b) show the analysis of the Oak bark extract. The bottom 2 (c and d) are lodge pole pine included for comparative purposes.  This shows no peak at the retention time of quercetin in the Oak bark extract.
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                      Fig.30 Scots Pine extract targeted analysis for quercetin.
[image: ]Fig.31 Pycnogenol extract targeted analysis for quercetin used only for reference purposes.
                [image: ]
Tab.17 Areas & concentrations of quercetin standards and bark extracts. * refers to these samples having had a further 100 fold dilution in order to bring the results with the range of the calibration standards.
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Tab.18 Calibration and quantification of quercetin in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
It is seen that this method is linear (R2 = 0.9935) with the issues seen in the previous method being overcome for the quantification of quercetin.


1.34 Q Exactive Plus Targeted Method (PRM)
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Fig.32  Chromatogram of a 7.1mg/l standard of Paeonol 
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Fig.33 Chromatogram of a 3.8mg/l standard of S-Equol.
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Fig.34 Chromatogram of a 1.3mg/l standard of EGCG.
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Fig.35 Chromatogram of a 4.5mg/l standard of Rutin.
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Fig.36 Chromatogram of a Lodge Pole Pine extract analysed for Rutin.
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Fig.37 Mass spectrum of Paeonol showing the deprotonated parent ion and the daughter Ions with annotated losses.
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Fig.38 Mass spectrum of S-Equol showing the deprotonated parent ion and the daughter ion which is proposed to be the result of Retro-Diels–Alder (RDA) fragmentation of the C-ring.
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Fig.39 Mass spectrum of EGCG showing the deprotonated parent ion and annotated fragments. The daughter ion at m/z 169.0143 is due to the loss of the gallate moiety.
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Fig.40 Mass spectrum of Rutin showing the deprotonated parent ion and the daughter ion at m/z 301.0354 which is due to the loss of rutinose.
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Tab.19 Calibration and quantification of Paeonol in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.20 Calibration and quantification of S-Equol in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.21 Calibration and quantification of EGCG in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided.
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Tab.22 Calibration and quantification of Rutin in the 3 bark extracts and also Pycnogenol as a qualitative reference. LOQ, LOD and the coefficient of determination (R2) are also provided
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Fig.41 Chromatogram of a 2.6mg/l standard of EGCG. This can be compared to Fig.34 which is a 1.3mg/l standard of EGCG. The example above shows poor peak shape and also significant peak broadening caused by overloading. This was not used in the calibration for this analyte.


1.4 Discussion

The discussion of this research will begin by reiterating the research question: can significant value be added to waste from the forestry industry of North Wales through characterisation using modern mass spectrometry based analysis? Broadly speaking, based on this initial research on bark waste, it can be seen that production of a similar nutraceutical product to Pycnogenol could indeed be a possibility. The financial aspects of this with respect to commercial viability fall outside the scope of this thesis. Although the author has 8 years of first-hand experience in taking R&D products to commercial level production in industry, the financial side was always handled by experts in that area. Little cost information was available and therefore no cost analysis was attempted. The wide spectrum of polyphenols discovered in the bark samples, illustrated in the heat map (Tab. 9a), backup the concept of a nutraceutical based on bark from trees other than French Maritime Pine, which is not an abundant resource in North Wales. 
Many polyphenol glucuronides were tentatively identified through the discovery process (Tab. 9). Natural glucuronides are widely found in plants. Many natural glucuronides with pharmacological activities have been isolated from plants (Yue et al., 2019). These components could provide one way to open up a route that adds value to forestry waste.
Even though the research presented here outlines the potential, an expansion of this proof-of-principle study would be necessary to provide more detail on certain aspects. These would include age of bark, time of storage before processing, age of trees providing the waste and effect of harvesting season on the polyphenol profile. The number and variety of bio-replicates would need to be increased and backed up by technical replicates to counteract normal analytical variation. Further work on the most efficient and cost effective extraction techniques would also be required.  One such route that is suggested, which was not available during this study, would be to investigate the use of supercritical fluid extraction i.e. liquid CO2 (and possibly modifiers like ethanol) as a food friendly solvent. The fast diffusion rate of this method causes more rapid extraction. Furthermore, it is shown that different enzymatic pre-treatments can facilitate control of selectivity as to which components are extracted (Mill, Antunes-ricardo, García-cayuela, & Ibañez, 2019). 
The analytical results shown in the previous section illustrate the rich diversity of polyphenolic compounds present in the forestry waste samples extracted and analysed. Initial observation suggests that products could be created from the forestry waste of North Wales and achieve valorisation. Broad extracts of barks from a single source, similar in concept to Pycnogenol, or extracts of general mixed waste, could be produced in a scaled up industrial version of the method outlined in this chapter. Further studies would need to be conducted in order to investigate the commercial viability of this approach or to develop a cost effective, safe and pragmatic production method.  The results show a different profile of polyphenolics compared to Pycnogenol (Tabs 10 to 22). This is to be expected from different species of tree. The degree of variation of Pycnogenol polyphenolics, from one commercial batch to another, was not available. The Pycnogenol extract was used as a bench mark during the study for comparative profile information only. Quantitative calculations of Pycnogenol polyphenolics were not entered into. The extraction method used by the manufacturer is their intellectual property which has not been published. It is reasonable to assume that it is most likely carried out in a different and proprietary manner which would lead to a meaningless quantitative comparison. Pycnogenol was therefore used as a qualitative profile, or fingerprint, for comparative purposes to illustrate the similarities and the differences when compared to an established commercial product.
From the Xevo TQ-XS MRM analysis is can be seen (Tabs 10 to 15) that (-)-epicatechin, caffeic acid, vanillic acid, p-coumaric and trans-ferulic acid are generally observed in the 3 bark extracts and also in Pycnogenol although there are some omissions e.g. (-)-epicatechin in Scots Pine. Differences were much less than the general trend of similarity. This is further confirmed in the Q-ToF MRM work in which quercetin was found in 2 out of the 3 bark extracts and also Pycnogenol. Ironically, quercetin is absent from the oak bark sample (Tab. 17); the irony being that quercetin derives its name from quercetum (oak forest). In A Review of Polyphenolics in Oak Woods (B. Zhang, Cai, Duan, Reeves, & He, 2015), quercetin is only found to exist in oak wood in 1 out of the 4 references given. Further investigation would be warranted here as the targeted work clearly shows a flat baseline where quercetin would be found. Quercetin has been tentatively identified in the discovery data for the oak extract (Tab.A1-002, 1.51min., highlighted in yellow) although targeted data holds a higher degree of identification confidence. In the region of quercetin’s monoisotopic mass (302.0427Da) there also exists isobaric Morin (302.0427Da) and the similar mass of Hesperetin (302.0790Da). This may explain the false discovery of quercetin in the oak extract. This would require further investigation as Quercetin, Morin (flavonols) and Hesperetin (flavanone) have all been shown to produce an anti-inflammatory effect on acute inflammation (Rotelli, Guardia, Juárez, De La Rocha, & Pelzer, 2003). The two flavanols, Quercetin and Morin, have been shown to be good natural antioxidants in fish preservation (Ramanathan & Das, 1992) and differ only in the position of their hydroxyl groups on the B-ring. Quercetin has been shown to be absent in the Oak sample via this targeted analysis but the presence of Morin or Hesperetin may have been overlooked. A further look at the chromatograms for the targeted analysis of Quercetin in Oak bark (Fig.29) show no unidentified peaks which would imply that there are no similar m/z ions present, at least with this chromatographic separation. It must also be kept in mind that possibly quercetin levels vary from different species of oak, from wood to bark and from within a mixture of oak waste. The age of the waste may also be significant.
In the initial targeted analysis (section 1.22), the standards used were already available from previous research at no additional cost. The Xevo-TQXS was used for the initial targeted work using the standards available and has been shown to provide useful information towards this research. Furthermore, it can be seen from the coefficient of determination (R2) that the analytical method has good linearity as all values are in the region of 0.99. The limit of detection (LOD) and limit of quantification (LOQ) showed good sensitivity and showed that detection was possible in the μg/l region (see Tabs 10 to 15 for specific values). The exception to this was quercetin when analysed on the Xevo-TQXS by MRM. The positive here is that the poor linearity was clear and easily spotted. The subsequent reanalysis by the use of a Q-ToF MRM experiment on the Synapt G2-Si showed that this instrument could provide a sensitive and robust MRM alternative.
In order to comprehend the complex discovery data provided in the results section, it is felt that a more in depth discussion, in the context of the results, exploring the underlying details of Progenesis QI data processing, would be of benefit. It is hoped that this approach will help to provide a better explanation of the data. 
Discovery mode data is of huge complexity as it contains thousands of ions acquired over many samples. This may involve the comparison of samples from different conditions or, as in this case, comparison of blank extracts to extracts of the biological material. This can be pictured as a complex version of 'spot the difference'. In order to deal with the statistical variance that occurs in any analytical method, many replicates are necessary in each condition, and only consistent or statistically significant differences between the conditions are accepted.
Data created by LC-MS is composed of two separation elements; the chromatographic separation and also the high resolution MS. Even alone these can produce complex separation patterns. By combining these together and multiplying one by the other, data of huge complexity is obtained. This can be visualised by the use of a 2D ion map. See Fig. 42 below.
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Fig.42 An example 2D ion map created in Progenesis QI.

A third element is revealed by zooming in on an individual MS signal, giving the intensity. This data leads to the ion abundance figures. Ion abundances can be compared across samples in two or more conditions in these experiments. In order to be able to do this it is necessary to match the same ion across different data files. This is known as peak picking. Alignment vectors are created, by use of the retention time axis, in order to correct for the small offset between different samples: the ions are then aligned across all imported files. 
Poor informatics workflows can lead to missing data values on some samples due to inefficient identification of ions during peak picking (Di Guida et al., 2016). This can lead to inaccurate p-values and therefore false negatives and false positives. In order to avoid the errors caused by missing values, Progenesis QI does not pick peaks on individual 2D ion maps, one at a time, but compares them all to an aggregate sample ion map, which is a composite of all the individual ion maps. This results in zero missing values and 100% ion detection. The creators of Progenesis QI, NonLinear, refer to this as 'co-detection' and claim that this method results in much more reliable statistics. The chance of seeing the actual changes between conditions present in the data is therefore increased. Peak picking is also enhanced by this technique by virtue of the increased signal to noise ratio of the aggregate ion map.
Ultimately, a score is provided as a representation of the likelihood of the identification being correct.  The Progenesis QI scoring method relies on five properties that can contribute to the overall score (www.nonlinear.com):
 		1. Mass error 
2. Isotope distribution similarity 
3. Retention time error
4. CCS error
5. Fragmentation score
Each of these individual scores is on a scale from zero to one hundred. If the criteria do not include a particular property, the score for that piece of data is zero. The overall score is the total of these five scores. Put in another way, each of the 5 properties can contribute a maximum of 20. As ChemSpider does not support the use of CCS values or retention time error, then these properties will be zero. The upshot of this is that the maximum score possible, for the discovery data discussed in this chapter is 60. This puts the results shown in tab.9 in to context with some of the identifications approaching 60 e.g. trans-caffeic acid 58.3 and tyrosol 58.0.
The 4 data files per bark type are technical replicates. This enhances the relative differences between the conditions. The samples were compared to multiple blank replicates in Progenesis QI. The enhancement through repetition leads to a higher score and subsequently higher confidence in identifications. Repetition is necessary to iron out random aberrations within the dataset. The Power Analysis function of Progenesis QI was useful here in the evaluation of whether or not enough replicates had been produced. An increase in data quality was observed when replicate numbers were increased from 1 or 2 to 4, 5 or more. Power is the probability of finding a real difference, if it really exists. 80% or 0.8 is considered an acceptable value for power (Hair, 2014). For a given power of 80%, Progenesis QI calculates how many samples are required to ensure we find a difference if it actually exists. Power analysis of this dataset showed that although 2 replicates were sufficient, that 4 injections took the percentage of compounds with power greater than 0.8 to 100% (Fig.A1-001). Compounds with a large difference between groups will have a high power. These compounds will also have a lower ANOVA p-value. An increase in the difference between a sample analyte and a blank, results in a reduction in the associated ANOVA p-value. 
Much care must be taken in the necessary use of statistics in the evaluation of discovery data. Mechanisms to separate the wheat from the chaff must be employed so that only the best quality data is observed. The filters that were used here were, ANOVA p-values <=0.05 and also a large fold change between samples and blanks. Looking at a selection of the data (Tab.23) all compounds have very low p-values, which suggests that a real expression change exists in those compounds. 
    [image: ]Tab.23 The top 20 ANOVA (p), q Values, Max Fold Change, Scores and Accepted ID for bark sample extracts (same order as Tab.9).
Results that didn’t comply to the filters setup are hidden. In this case the ions that have identifications that have ANOVA p-values <0.05 and a fold change >1000 are shown.  But is this correct? The incorrect definition of p-values can lead to a misuse of ANOVA p-values <0.05 as a suitable significance threshold in discovery omics. ANOVA p-values are often loosely referred to as “the probability that there is no expression change occurring in the data”. However, the p-value is actually a measure of the likelihood of the observed data occurring if no real difference existed. That is to say, how likely it is to occur by random chance?
	How do we check our ANOVA p-value thresholds for suitability? A systematic way of doing this was used, by observing the q values reported by Progenesis QI to calculate a false discovery rate (FDR). The q-value is the minimum FDR at which the test may be called significant. On evaluating the discovery data obtained, a calculation of FDR was carried out. Before any filtering, the FDR was 15%. After filtering mechanisms were applied, an FDR of 2% in 402 identifications was observed. Therefore, a maximum of 8 possible false identifications could be expected within the reported discovery data. This approach to data analysis highlights the degree of caution required with these tentative identifications and more positively, the confidence with which we can use data from discovery to targeted workflow when data is correctly filtered.
	Following on from the discussion of untargeted data, the Q Exactive Plus Targeted Method (PRM) will now be the focus. This instrument was also used outside of its traditional discovery purpose and used to create a sensitive and robust targeted method. The main reason for this was instrument availability but it provided an opportunity to explore the additional capabilities of the Q Exactive Plus. LOQ, LOD and the coefficient of determination (R2) were all shown to be of the quality required for this analysis (Tabs 19 to 22). R2 values were 0.98 or above and detection was again possible in the μg/l region. Accurate mass and restricting mass tolerance to 5ppm added to the specificity of the method. A simple summary of the discovery mode observations is available below (Tab.24).
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Tab.24 Summary of the discovery mode observations.

The four components chosen for targeting were shown to be present in either very small amounts, which would put a question mark on their commercial viability, or were absent. A simple summary of the targeted mode observations is available below (Tab.25).
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Tab.25 Summary of the targeted mode observations.	

Firstly, the two absent compounds, S-Equol and EGCG, were seen to be present in the discovery data. Their absence could be due to misidentification. Isobaric species and enantiomers, which have low abundance, can be misidentified and are a known challenge of the discovery workflow. The FDR shows this too. Only once targeted can the initial identification be proven. Also S-Equol and EGCG could also be present in an abundance which is too low for the detection limit of the method. The targeted analytes were chosen as a ‘catch-all’ for extracts in this chapter and future chapters due to limited funds. 
Natural product extracts are highly complex and contain many components. Modern UPLC techniques were employed in order to achieve the best separation. This is not a perfect solution though. Co-elution will occur which will cause difficulties in the alignment of parent ions to their daughters. Co-elution can also result in ion suppression.
Care was taken to develop the best chromatographic separation in a reasonable run time for this polyphenolics screening method in order to limit the effects of co-elution. This is illustrated in the standard chromatograms in Figs.20, 32, 33, 34 and 35.  Rapid advancement in separation science has presented a myriad of options. Although the chromatographic method here performed well, there are longer columns, smaller particle sizes and stationary phases with great differences in selectivity. The choice between a fully porous particle and a superficially porous particle with a solid core also exists. Further examination of the best combination of these could result in improved identification. Also extracts could be run separately through columns of orthogonal selectivity and results compared.
	The correct identification and subsequent quantification of Paeonol and Rutin, which are both important components of the nutraceutical industry, with many claims of their benefits, as mentioned previously, were successful. Paeonol is quoted in red in the results section (Tab.19) as it is below the LOQ of the method. Rutin can be seen as the main success of this discovery work as it is present in the highest abundance of the four analytes. Broadly speaking, analysis of Pycnogenol can be seen to follow the general trend of the North Wales bark extract analysis i.e. where a component is absent in the bark extracts, it is also absent in Pycnogenol and also the converse of this is true (Tab.A1-001 to Tab.A1-004).
	The targeted method (MRM), using the Xevo-TQXS (Tab.10 to Tab.16), confirms not only that polyphenols present in these bark extracts are in line with the analysis of Pycnogenol, but are also representative of what would generally be expected from literature on the subject of polyphenolics. These findings are given further validity through the complex data provided by the Synapt G2-Si HDMSe discovery mode, which points out the presence of these analytes, amongst others, within the selection of the highest scoring data with the most confidence. 
This type of approach has a level of success that can be enhanced by improvements in the detail and depth of databases. Examples of this would be the creation of local databases of additional compound details that can add to the confidence of identifications. This may include method specific parameters such as component retention time and actual fragmentation or even more transferable details such as collision cross section (CCS) values and isotope distributions. Progenesis Metascope can be used to provide this function.
To now focus this discussion on fragmentation, it is often the case that databases do not contain fragmentation data so therefore in silico theoretical predictions are relied upon. This can be quite effective in the context of polyphenolic compounds as their mechanisms of fragmentation are well documented. They are generally in the category referred to as Retro-Diels–Alder (RDA) reactions (Lopes, 2016). The fragmentation in the C-ring may occur in all of the subclasses of flavonoids, and the RDA mechanism can follow the pathways below, a, b and/or c (Fig.43).
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	Fig.43 RDA mechanism applied to polyphenolics.

The double bond in the C-ring of flavones, isoflavones, flavonols, and chalcones leads to an extra pathway labelled here as pathway c. In proanthocyanidins, also known as the condensed tannins, the group attached to the A-ring (Fig.2) is often another catechol unit which can play a useful role in the clarification of proanthocyanidins dimers (Fig.44).


[image: ]

Fig.44 RDA fragmentation mechanism of a proanthocyanidin is illustrated.

Furthermore, the sugar moiety, which is present in many polyphenols, may also fragment by RDA (Fig.45). Often, a water loss precedes the RDA fragmentation by remote hydrogen rearrangement, forming an unsaturated sugar moiety, which facilitates the RDA process. 
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Fig.45 Polyphenol sugar moiety fragmentation.

The result of this understanding of the fragmentation of polyphenols creates a good route for theoretical attempts when an actual database entry does not exist. However, the creation of local fragmentation databases, based on known analytes, under the conditions of the UPLC and MS actually used in the experiment, can improve the level of identification confidence. Add to this a simple addition of retention time tolerance, of say 0.10 min, then quality of identifications has a marked improvement, leading to a decrease in false positives. A standard, polyphenolic screening method, with a smaller but well detailed database, could be developed from this approach, to create a high throughput and highly specific solution to polyphenolic profiling and elucidation.
	An observation made through reading many papers on the subject of polyphenolics, was that there is a need for further research to identify which hexoside moiety is actually present. Assumptions are often made in this respect. To determine, for example, whether a glucoside or galactoside is present via the use of LC-MS is not currently possible, as the species are isobaric. Some work has been successful in this direction by the use of IMS (Both et al., 2014) but it was found that there was not enough separation power when attempted on the Synapt G2-Si using nitrogen as the drift gas (Bangor University, CEB MS facility). Ideas for further research to solve this analytical challenge are through the development of IMS techniques or via NMR. The IMS drift gas could be changed to CO2 which would in theory lead to better separation (Matz, Hill, Beegle, & Kanik, 2002) or if this was not successful the new Waters Cyclic IMS system could possibly solve this issue by providing more distance for separation to occur (K.Giles, Waters UK,  personal communication, Aussois, 2017). NMR could also be successful in the elucidation of the hexoside species present but only if 1 to 2mg were available for analysis (M.Nilsson, Professor of Chemistry, University of Manchester, personal communication, Edinburgh, 2019 and H.J. Weber, NMR facility, Technische Universität Graz). This is all food for thought and possibly a direction for future research.


1.5 Conclusion
	
	From the output of this study it can be clearly seen that many components of nutraceutical significance are present in the forestry waste samples analysed. There are a wide array of polyphenolics present which are observed in varying amounts. A wide variety of polyphenolics was also seen in Pycnogenol tablets and broadly speaking the components in the bark extracts followed a similar profile. The research provided here illustrates that valorisation of the forestry industry of North Wales, through the extraction of components beneficial to health, is possible but also depends on the fine detail of production cost and other overheads. Costings were outside the scope of this study. It can also be concluded that the workflow developed here is a good template for research of this type. The methods described can be used for profiling other forestry waste, and moreover, extracts of any plant matter of research interest for polyphenols. To expand on this, there is no reason why the basic methodology could not be developed to profile and characterise other classes of organic compounds e.g. terpenes. The valorisation potential of terpenes may be worthy of investigation too but may be better suited to the use of gas chromatography (GC) as a separation method. 
The three targeted methods described here show the flexibility of modern MS instrumentation. Even though the Synapt G2-Si and the Q Exactive Plus are both thought of primarily for their discovery function, they demonstrate here their proficiency as a targeted analytical tool. The R2 values were good across all instruments and showed that quantification could be relied upon. LOQ values and LOD values were within a practical and useable range across the board. An exception to this was quercetin on the Xevo TQXS. This exception was clear to see when creating the regression curve and shows the value of monitoring quality. 
To finally focus on the untargeted/discovery work: this was shown to be effective although care needs to be taken in order to filter out the true positives and leave misleading results behind. Much attention needs to be given to data quality control through the use of ANOVA p-values and q-values. A customised database with more method specific information is suggested as a way forward in terms of future method improvement.

Chapter 2 

A study of polyphenolic
compounds in waste produced by agriculture and aquaculture in North Wales, using the analytical techniques of UPLC with HDMSe and Orbitrap PRM.


2.1 Introduction  

In order to further develop the ideas of chapter 1, it was decided to apply a similar workflow to general plant waste created by, firstly agriculture and secondly aquaculture. Through regular upkeep of hedgerows and clearing of errant vegetation, it was seen that a wide variety of plant waste is produced by agriculture. Contained within this are many wild edible plants well known to foragers (Harford, 2018; Mabey, 2012; Wright, 2009). These industries have been observed first-hand over many years of living in close proximity to farms and the coast around the Isle of Anglesey (Ynys Môn). These observations, made during long walks and coastal runs, spawned these ideas. Conversations with workers of both the agriculture and aquaculture industries helped confirm the potential here. A description of the four coastal hedgerow plants chosen follows next.


Alexanders, Smyrnium olusatrum (Fig.46) – very common in coastal hedgerows within a mile of the sea. Cultivated by the Romans as horse fodder when little else was available. Appears from winter onwards and is biennial. Its name is derived from Alexander the Great, whose birthplace of Macedonia is an abundant source of this member of the carrot family (Umbelliferae). Its historical popularity was not only based on its nutritional value but also its herbal and apparent medicinal value. It should be noted that to the untrained eye, the highly poisonous hemlock water-dropwort can be mistaken for alexanders. This can easily be avoided by paying attention to a few obvious differences such as the pink-tinged sheath at the base of the stem and the very characteristic smell of alexander (Wright, 2009).

[image: File:Smyrnium olusatrum1611.JPG]  
Fig.46 Alexanders, Smyrnium olusatrum. 
Tato grasso [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]

Stinging Nettle, Urtica dioica (Fig.47) – a widespread perennial, abundant throughout Europe, which is highly nutritious (Guil-guerrero, Rebolloso-fuentes, & Isasa, 2003) with a long history in traditional medicine.  α- Linolenic acid is the predominant fatty acid in leaves and can be present as up to 40% of the fatty acids present in mature leaves. Nettles have been used to produce textiles for thousands of years. In World War I, the majority of German army uniforms were made from nettle due to a shortage of cotton (Flintoff, 2009). 

   [image: File:BrÃ¤nnÃ¤ssla (Urtica Dioica).jpg]      
Fig.47 Stinging Nettle, Urtica dioica. 
Skalle-Per Hedenhös [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

Wild garlic, Allium ursinum (Fig.48) – a bulbous perennial, which is abundant in shaded woods and hedgerows. Sometimes known as ramsons, it is a wild relative of the onion.  Wild garlic is commonly used in traditional medicine and is claimed to have antibiotic and antiviral properties. Studies have also shown evidence of cardioprotective action and hence aiding in the reduction of the risk of stroke and heart disease (Rietz, Isensee, Strobach, Makdessi, & Jacob, 1993). Wild garlic has been shown to have allelopathic properties (the chemical inhibition of one plant by another) which leads to the inhibition of seed germination and surrounding plant growth (Djurdjevic et al., 2004). The mechanism by which this occurs is thought to include the action of polyphenolics. Only the leaf was taken for the analysis of wild garlic.
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Fig.48 Wild garlic, Allium ursinum.
Kurt Stüber [1] [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]


Gorse, Ulex europaeus (Fig.49) – species of flowering plant in the family Fabaceae. It is an evergreen used for hedging and boundary definition and is able to fix nitrogen. Gorse flowers throughout the year. In traditional medicine, flowers have been used in the treatment of jaundice and as a treatment for scarlet fever in children. Planted for soil stabilization on sandy substrates, it is used for stabilizing roadside banks as gorse is an excellent pioneer species for poor soils and areas with maritime exposure. A lectin extract from the yellow flowers can be used as a very specific and sensitive marker for human tumors derived from endothelial cells (Miettinen, Holthofer, Lehto, & Miettinen, 1982). In former times, gorse was valued as fodder for horses and cattle as it was abundant on land where little else of nutritional value grew. The gorse was bruised, crushed or milled prior to using as animal feed (Lore, 2017)

    [image: File:Ulex europaeus flowers.jpg]   
Fig.49 Gorse, Ulex europaeus.
PaleCloudedWhite [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

	The same thought process was applied to the industry surrounding the rearing of aquatic animals or the cultivation of aquatic plants for food, or more concisely, aquaculture. From mussel and oyster farming in the Menai Strait (Afon Menai) to scallop dredging in the Irish sea based at Amlwch Port, these are examples of aquaculture industries that create ‘waste’ seaweed (macroalgae), much of which is returned to the sea. These industries also have the opportunity to cultivate and collect chosen seaweeds. In the Far East and Pacific, seaweed has been traditionally consumed as a major source of nutrition as opposed to its primary use in Western society where it is used as a thickening or gelling agent for various industrial applications (Burtin, 2003). Seaweeds have been used for nutrition by humans for over 14,000 years (Dillehay, Ramírez, Pino, Collins, & Rossen, 2008). Other traditional uses of seaweeds have been as a soil improver, which has a long history in agriculture as a fertiliser. Another traditional use of seaweed is as a food for sheep, cattle and horses. Seaweeds have also been used to make strings and ropes. 
	In the modern day, more than 15 million tons of brown, green and red seaweeds are produced per year from global aquaculture, with East and Southeast Asia dominating this industry. According to the Seaweed Notebook, European seaweed industries have declined in the past decade (Harford, 2018).
Algal polyphenols, also known as phlorotannins, are derived from 1,3,5-trihydroxybenzene. Phlorotannins refer to an extremely heterogeneous group of molecules that vary greatly in structure and degree of polymerisation providing a wide range of potential biological active components. Highest contents are found in brown seaweeds, where phlorotannins in dried seaweed range from 5 to 15%. In a review article entitled, the nutritional value of seaweeds, in 2003 by P.Burtin et al., it is stated that “From a nutritional standpoint, the main properties of seaweeds are their high mineral (iodine, calcium) and soluble dietary fibre contents, the occurrence of vitamin B12 and specific components such as fucoxanthin, fucosterol, phlorotannins …….. seaweeds can be regarded as an under-exploited source of molecules beneficial to health for food processing and nutraceutical industry.” (Burtin, 2003). 
Aside from the nutritional benefits provided by polyphenols there is also good evidence as to the special qualities of seaweed dietary fibre which differs from that of land based plants in composition, chemical structure, physicochemical properties and biological effects. Seaweed dietary fibre has several physiological benefits for humans. Highlighted amongst them are hypocholesterolaemic, antioxidant protection and antihypertensive effects. This has led to much interest as to the potential of seaweeds within functional foods and even an application to improve the health qualities of red meat (Cofrades, López-López, Solas, Bravo, & Jiménez-Colmenero, 2008). For the scope of this research, Pepper Dulse and Gut Weed were chosen as the seaweed species represented in this chapter.

Pepper Dulse, Osmundea pinnatifida (Fig.50) – a very common red algae found in the intertidal zone. It has small fern-like fronds that are thick and fleshy. Its peppery taste is attributed to terpenes. It can vary greatly in colour from yellow, through to red/purple and then to dark brown. Pepper Dulse has been documented for its antimicrobial, antifungal, antileishmanial (Leishmaniasis is a disease caused by parasites) and antioxidant activities (Boopathy & Kathiresan, 2010). Across Europe, this red macroalgae is gaining culinary reputation as the ‘truffle of the sea’. It is also experiencing increasing demand by the cosmetic industry. The growth in its popularity has led to attempts to cultivate Pepper Dulse and scale up to an industrial production level (Biancacci, C; Day, J G; McDougall, G; Russell, M C; Stanley, 2017) .
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Fig.50 Pepper Dulse, Osmundea pinnatifida.
Luis Fernández García [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

Gut Weed, Ulva intestinalis (Fig.51) – This green macroalgae is often seen close to the shore in the intertidal zone of rocky coastlines. It is known as Sea Grass in parts of the British Isles and is easily identified by its bright green 30cm unbranched fronds. Gut Weed is a member of the family Ulvaceae, of the genus Ulva after recent reclassification by genetic work completed at the start of the millennium (Hayden et al., 2012). In 2009, over a hundred of Brittany’s beaches were closed due to green seaweed carpets or ‘green tides’. In this particular case, the carpet of U. intestinalis, decomposed into hydrogen sulphide creating a strong unpleasant odour. 
U. intestinalis is a major component of Japanese green Nori and in its dried form is added to many Japanese soups. In its powdered form, it is also an additive to many foods. U. intestinalis is the basis of the Welsh specialty known as Laver bread (Pereira, 2014). Extracts of this species are used as food supplement or herbal medicine (Milchakova, Illustrated, & Guide, 2011). These extracts, which have antimitotic and cytotoxic activity, are used as a polysynaptic blocker and the treatment of aphthae (a small ulcer in the mouth or on the tongue), back pain, paronychia (nail disease), lymphatic swellings, and goitre (swelling of the thyroid gland) (Oh, Y.S., 1990).
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Fig.51 Gut Weed, Ulva intestinalis
C.M.Potter [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]


As a benchmark extract of well-documented composition, green tea was chosen in the same way that Pycnogenol was used in chapter 1. Green tea is one of the most studied products within the field of polyphenolic research and therefore detailed information is available (Bhagwat, Haytowitz, & Holden, 2011; Mack & Long, 2011; Mizukami, Sawai, & Yamaguchi, 2007). It is useful to have a point of reference when characterising polyphenolics in less commonly researched samples. The benchmark sample of green tea will give credence to new results obtained and validity to the analytical method used but only if expected components of interest are observed in an extract of green tea. Twining’s green tea, which is widely available, selected for this research.


2.2 Methods

	Many of the method details used for the polyphenolic characterisation in this chapter are similar to those described in chapter 1. For this reason, more concise details will be provided in the following sections although any differences will be highlighted. 
	Initially, each sample was thoroughly washed in LC-MS grade water (Optima) then transferred to a freeze drying unit. This removes water and enables the samples to be easily converted into a homogenous powder. Freeze drying also prevents the samples from decaying. After 2 days in the freeze drier, each sample was individually ground in a coffee grinder until a fine powder was achieved. 0.5g of this powder was weighed in to a clean glass beaker containing 10ml of ethanol and sonicated in an ultrasonic water bath for 30min. The beaker was covered and left to stand for 24 hours in a fridge and then sonicated for a further 30min. The sample was left to settle, then the supernatant was transferred into a Falcon tube and centrifuged at 10,000 rpm for 30 min. The resultant clear ethanol extract was concentrated to a tenth of the initial volume by gentle heating to 60°C in a fume cupboard, creating a concentration of 1ml of extract being equivalent to 1g of the freeze dried sample. This extract was stored in a freezer at -20°C until required. The process described was repeated for each sample. The sample of gorse was separated into separate flower and stem samples in order to observe whether there were any significant differences in the analytical results of these two physically connected samples.
	These samples were used in the discovery  targeted workflow, details of which are provided in the following sections.

2.21 Synapt G2-Si Untargeted Method (HDMSe)
	 The UPLC used was a Waters I-class instrument. The conditions below were similar to the targeted analysis on the Xevo TQ-XS. Slight modifications were made to accommodate a Waters Cortecs UPLC Shield RP18 (2.7μm x 2.1mm x 100mm) superficially porous column. As stated earlier, this stationary phase and incorporates an imbedded polar carbamate group into the bonded phase ligand, which provides alternative selectivity for phenolic compounds. This modified C18 stationary phase was found to perform well for polyphenol analysis in previous experiments. A Waters Vanguard guard column system was implemented to protect the analytical column. A cartridge with the same stationary phase as the analytical column was used. 

	Mobile phase: 90%A:10%B. A=Water 0.1% Acetic Acid, B=MeOH 0.1% Acetic Acid

	Flow: 0.5 ml/min

	Column Oven: 40°C

	Injection volume: 1μl

	Gradient: 90:10 initially to 0:100 over 4 min, back to 90:10 over 0.2min.

	Hold at this combination for 0.8 min to equilibrate prior to the next injection.



Tab.26 I-class UPLC method conditions

[bookmark: OLE_LINK5]The detector used was a Synapt G2-Si mass spectrometer as in previous discovery work. The experimental mode selected was HDMSe, which gives a rich depth of data providing high resolution, accurate mass, ion mobility spectrometry and fragmentation of all detected parent ions to daughter ions. The conditions used for the MS were the same as those listed in section 1.21 (Tab. 3). Mass axis calibration was performed as part of the instrument setup by the use of sodium formate which is cost effective and easily prepared. It is also stable for many months. A preparation of sodium formate creates a series of cluster ions, which satisfy many points of reference for calibration across the mass range. As with all time of flight (ToF) machines, the mass axis can quickly vary, although only by small amounts. In order to determine accurate mass, a lock mass was introduced by a second axial electrospray probe to give a mass reference ensuring the integrity of the exact mass data. A sample baffle, which gives access to the sample spray to enter the cone orifice, rotates periodically in order to allow the lock spray to enter giving an indexed reference. A well-maintained instrument is always a necessity with all research of this type and this principle was strictly adhered to. 

2.22 Q Exactive Plus Targeted Method (PRM)

	As in the previous chapter, the system used for this external standard targeted analysis was a Vanquish UHPLC linked to a Q Exactive Plus mass spectrometer (Thermo Scientific Ltd, Waltham, Massachusetts). The four analytes initially chosen for this targeted work were also Paeonol, S-Equol, (-)-Epigallocatechin-3-gallate (EGCG) and Rutin. These analytes were detected in the bark extracts of the previous chapter but three of them were also significantly observed in the wild plant extracts of this section. Paeonol was excluded as it was not present in the discovery data for these extracts. Both the Vanquish UHPLC and the Q Exactive Plus MS method details are the same as described in section 1.24 (Tab. 7 and 8). Prior to any analytical work, a calibration solution containing Ultramark 1621, was used to calibrate the mass axis. Unlike the ToF, the Q Exactive Plus has better exact mass stability and therefore doesn’t require a lock mass for this type of experiment. The value of high quality maintenance cannot be overstated. Cleaning of user accessible parts was carried out before and after use via procedures described in the manual.


2.3 Results


In this section, the results are displayed in the same order as the previously described methods. Addition data, including abundance values, is available in appendices for Chapter 2 (A2) on page 261.


2.31 Synapt G2-Si Untargeted Method (HDMSe)               


	Accepted ID
	Accepted Description
	Adducts
	Formula
	Score

	CSID30777624
	Equol 4'-O-glucuronide
	M-H2O-H
	C21H22O9
	57.2

	CSID106491
	Matairesinol
	M-H2O-H
	C20H22O6
	55.7

	CSID4444362
	Rutin
	M-H
	C27H30O16
	54.7

	CSID8309124
	3-Feruloylquinic acid
	M-H
	C17H20O9
	54.5

	CSID30777632
	Irisolidone 7-O-glucuronide
	M-H
	C23H22O12
	53.5

	CSID8309124
	3-Feruloylquinic acid
	M-H
	C17H20O9
	47.7

	CSID390868
	Naringin
	M-H
	C27H32O14
	47.6

	CSID13083403
	Genistein-7-O-glucuronide
	M-H
	C21H18O11
	47.5

	CSID1675
	Homovanillic acid
	3M-H
	C9H10O4
	46.9

	CSID10176
	Hesperidin
	M-H2O-H
	C28H34O15
	46.5

	CSID4445093
	3,4-Dicaffeoylquinic acid
	M-H2O-H, M-H
	C25H24O12
	44.4

	CSID1405788
	Chlorogenic acid
	2M-H
	C16H18O9
	43.8

	CSID4445121
	tectoridin
	2M-H
	C22H22O11
	43.2

	CSID163248
	Glycitin
	2M-H
	C22H22O10
	43.2

	CSID30777604
	Caffeic acid 3-O-glucuronide
	2M-H
	C15H16O10
	42.9

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	2M-H
	C25H24O12
	40.9

	CSID97088
	Daidzin
	2M-H
	C21H20O9
	40.6

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H
	C25H24O12
	40.5

	CSID30777654
	Urolithin B 3-O-glucuronide
	2M-H
	C19H16O9
	40.3

	CSID30777598
	5,7-Dihydroxy-8,4'-dimethoxyisoflavone
	3M-H
	C17H14O7
	40.2

	CSID388383
	Naringenin
	3M-H
	C15H12O5
	39.8

	CSID13701
	Hydroferulic acid
	2M-H
	C10H12O4
	39.7

	CSID30777604
	Caffeic acid 3-O-glucuronide
	2M-H
	C15H16O10
	39.4

	CSID30777618
	Dihydrocaffeic acid 3-O-glucuronide
	M-H2O-H
	C15H18O10
	39.2

	CSID30777604
	Caffeic acid 3-O-glucuronide
	M-H2O-H
	C15H16O10
	39.1

	CSID553829
	Isoliquiritigenin
	2M-H
	C15H12O4
	39.1

	CSID238
	Benzoic acid
	3M-H
	C7H6O2
	39.0

	CSID30777624
	Equol 4'-O-glucuronide
	M-H
	C21H22O9
	38.9

	CSID4445121
	tectoridin
	2M-H
	C22H22O11
	38.9

	CSID25941971
	Urolithin C
	M-H,2M-H
	C13H8O5
	38.8

	CSID238
	Benzoic acid
	2M-H
	C7H6O2
	38.8

	CSID30777618
	Dihydrocaffeic acid 3-O-glucuronide
	M-H2O-H
	C15H18O10
	38.7

	CSID388383
	Naringenin
	M-H
	C15H12O5
	38.7

	CSID4445122
	Tectorigenin
	2M-H
	C16H12O6
	38.7

	CSID689
	Ferulic acid
	2M-H
	C10H10O4
	38.7

	CSID165080
	Dihydroferulic acid 4-glucuronide
	2M-H
	C16H20O10
	38.7

	CSID4444448
	Genistein
	3M-H
	C15H10O5
	38.7

	CSID30777632
	Irisolidone 7-O-glucuronide
	M-H
	C23H22O12
	38.6




	Accepted ID
	Accepted Description
	Adducts
	Formula
	Score

	CSID34552925
	(2Z)-3-[2-(Carboxymethyl)-3,4-dihydroxyphenyl]acrylic acid
	2M-H
	C11H10O6
	38.6

	CSID58575
	(-)-Epigallocatechin gallate
	2M-H
	C22H18O11
	38.5

	CSID553148
	(E)-p-coumaric acid
	M-H2O-H
	C9H8O3
	38.5

	CSID8309124
	3-Feruloylquinic acid
	M-H
	C17H20O9
	38.5

	CSID24842580
	3'-Methylcatechin
	2M-H
	C16H16O6
	38.5

	CSID13860434
	Vanillin
	2M-H
	C8H8O3
	38.4

	CSID689
	Ferulic acid
	M-H
	C10H10O4
	38.4

	CSID10211379
	Dihydroformononetin
	M-H
	C16H14O4
	38.4

	CSID24842580
	3'-Methylcatechin
	2M-H
	C16H16O6
	38.4

	CSID30777624
	Equol 4'-O-glucuronide
	2M-H
	C21H22O9
	38.4

	CSID35015223
	Dihydrodaidzein 7-glucuronide
	2M-H
	C21H20O10
	38.4

	CSID4445092
	Irilone
	2M-H
	C16H10O6
	38.3

	CSID1405788
	Chlorogenic acid
	2M-H
	C16H18O9
	38.3

	CSID97088
	Daidzin
	M-H
	C21H20O9
	38.3

	CSID4477169
	isorhamnetin 3-glucoside
	M-H
	C22H22O12
	38.3

	CSID600426
	trans-caffeic acid
	M-H2O-H
	C9H8O4
	38.3

	CSID12693
	Ethyl gallate
	M-H
	C9H10O5
	38.3

	CSID30777654
	Urolithin B 3-O-glucuronide
	2M-H
	C19H16O9
	38.3

	CSID9964
	Tyrosol
	M-H2O-H
	C8H10O2
	38.2

	CSID553148
	(E)-p-coumaric acid
	M-H
	C9H8O3
	38.2

	CSID1405788
	Chlorogenic acid
	2M-H
	C16H18O9
	38.2

	CSID28477210
	4',4"-Dimethylepigallocatechin gallate
	M-H2O-H
	C24H22O11
	38.2

	CSID4445121
	tectoridin
	2M-H
	C22H22O11
	38.1

	CSID82594
	(-)-(S)-Equol
	2M-H
	C15H14O3
	38.1

	CSID30777624
	Equol 4'-O-glucuronide
	2M-H
	C21H22O9
	38.1

	CSID30777604
	Caffeic acid 3-O-glucuronide
	M-H
	C15H16O10
	38.0

	CSID8089617
	Daidzin malonate
	M-H
	C24H22O12
	38.0

	CSID4445117
	Pseudobaptigenin
	M-H2O-H
	C16H10O5
	38.0

	CSID4445094
	Irisolidone
	2M-H
	C17H14O6
	38.0

	CSID57579554
	Episesaminol
	2M-H
	C20H18O7
	38.0

	CSID29341798
	Naringenin 7-O-beta-D-glucuronide
	2M-H
	C21H20O11
	38.0

	CSID10392638
	4-Feruloylquinic acid
	2M-H
	C17H20O9
	37.9

	CSID35015223
	Dihydrodaidzein 7-glucuronide
	2M-H
	C21H20O10
	37.9

	CSID165080
	Dihydroferulic acid 4-glucuronide
	M-H
	C16H20O10
	37.8

	CSID24842912
	Violanone
	M-H2O-H
	C17H16O6
	37.8

	CSID8065632
	Phloretin 2'-O-glucuronide
	M-H
	C21H22O11
	37.7

	CSID165080
	Dihydroferulic acid 4-glucuronide
	2M-H
	C16H20O10
	37.7

	CSID4478806
	Quercetin-3,4'-O-di-beta-glucopyranoside
	M-H
	C27H30O17
	37.6

	CSID30777589
	3'-Hydroxy-3,4,5,4'-tetramethoxystilbene
	2M-H
	C17H18O5
	37.5

	CSID163248
	Glycitin
	2M-H
	C22H22O10
	37.5

	CSID4945466
	trans-5-O-(4-coumaroyl)-D-quinic acid
	2M-H
	C16H18O8
	37.4




	Accepted ID
	Accepted Description
	Adducts
	Formula
	Score

	CSID9857888
	Salvianolic acid D
	M-H
	C20H18O10
	37.4

	CSID600426
	trans-caffeic acid
	M-H2O-H
	C9H8O4
	37.4

	CSID390957
	Paeoniflorin
	2M-H
	C23H28O11
	37.4

	CSID4945655
	(+)-Lithospermic acid
	M-H
	C27H22O12
	37.3

	CSID65231
	(-)-Epigallocatechin (EGC)
	2M-H
	C15H14O7
	37.3

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H
	C25H24O12
	37.3

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H2O-H
	C25H24O12
	37.3

	CSID16039
	Homovanillyl alcohol
	3M-H
	C9H12O3
	37.3

	CSID689
	Ferulic acid
	M-H
	C10H10O4
	37.2

	CSID10211379
	Dihydroformononetin
	2M-H
	C16H14O4
	37.1

	CSID106491
	Matairesinol
	M-H
	C20H22O6
	37.0

	CSID59696173
	7-Hydroxymatairesinol
	M-H
	C20H22O7
	37.0

	CSID30777618
	Dihydrocaffeic acid 3-O-glucuronide
	M-H, 3M-H
	C15H18O10
	36.9

	CSID388383
	Naringenin
	3M-H
	C15H12O5
	36.8

	CSID65230
	(-)-Epicatechin
	M-H
	C15H14O6
	36.7

	CSID392875
	trans-resveratrol
	2M-H
	C14H12O3
	36.7

	CSID109417
	(+)-Procyanidin B2
	2M-2H
	C30H26O12
	36.5

	CSID28477210
	4',4"-Dimethylepigallocatechin gallate
	M-2H
	C24H22O11
	36.5

	CSID13083403
	Genistein-7-O-glucuronide
	M-H
	C21H18O11
	36.4

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H
	C25H24O12
	36.4

	CSID389606
	Eriodictyol
	3M-H
	C15H12O6
	36.2

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H
	C25H24O12
	35.8

	CSID388383
	Naringenin
	M-H2O-H
	C15H12O5
	35.7

	CSID30777624
	Equol 4'-O-glucuronide
	M-H2O-H
	C21H22O9
	35.7

	CSID9857888
	Salvianolic acid D
	M-H
	C20H18O10
	35.6

	CSID30777594
	4'-Methyl-(-)-epigallocatechin 3'-glucuronide
	M-H
	C22H24O13
	35.3

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H2O-H
	C25H24O12
	35.3

	CSID30777628
	Genistein 4',7-O-diglucuronide
	M-H2O-H
	C27H26O17
	35.1

	CSID97088
	Daidzin
	2M-2H
	C21H20O9
	34.7

	CSID28477210
	4',4"-Dimethylepigallocatechin gallate
	M-H
	C24H22O11
	34.7

	CSID30777624
	Equol 4'-O-glucuronide
	2M-2H
	C21H22O9
	34.5

	CSID29341798
	Naringenin 7-O-beta-D-glucuronide
	2M-H
	C21H20O11
	34.5

	CSID22912767
	3,5-O-dicaffeoylquinic acid
	M-H
	C25H24O12
	34.4

	CSID9753486
	Sesaminol 2-O-triglucoside
	M-H
	C36H46O22
	34.4

	CSID28481156
	2,6-Dimethoxy-4-[(E)-2-(4-methoxyphenyl)vinyl]phenol
	3M-H
	C17H18O4
	34.2

	CSID8089617
	Daidzin Malonate
	2M-H
	C24H22O12
	34.1

	CSID28554480
	5'-Methoxy-O-desmethylangolensin
	3M-H
	C16H16O5
	34.0

	CSID4445122
	Tectorigenin
	3M-H
	C16H12O6
	33.6



Tab.27 ChemSpider ID, the chemical name, the adduct observed, the chemical formula and the score rating attributed by Progenesis QI. 

 
	Only scores over 30 have been shown, the rest have been ignored. The higher the score the higher the confidence of a correct identification. Identification should be confirmed by targeting compounds from the above list for confirmation. 
	Once again, as in the bark extracts, these plant extracts show a high number of polyphenol glucuronides. This is of significance as natural plant glucuronides have been used to treat cardio-cerebral vascular diseases as in the injectable drug breviscapine in which is scutellarin-7-O-glucuronide is the active ingredient (Yue et al., 2019).
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[bookmark: OLE_LINK6]Fig.52 Five example chromatograms acquired in HDMSe mode. From top to bottom they are Wild Garlic leaf, Nettle, Gorse stem, Gorse flower and Alexanders.
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Fig.53 Four example chromatograms acquired in HDMSe mode. From top to bottom they are Green Tea (benchmark), Pepper Dulse, Gutweed and a blank.
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Tab.28 Top 20 scores showing ANOVA (p), q Values, Max Fold Change, Scores and Accepted ID for plant sample extracts (Same order as Tab.27). These values were used for quality control prior to selection of candidates for this targeted work.



[image: ]Fig. 56 Normalised abundance profile of Rutin in the plant sample extracts. Nettle and to a lesser extent Gorse Flower are seen to contain this polyphenol. Green Tea, which is as a bench mark extract, is shown to contain Rutin too as expected.


[image: ]Fig. 57 Normalised abundance profile of Matairesinol in the plant sample extracts. Gorse Stem can be seen to contain this polyphenol in an abundance much greater than the other extracts.



The following images are to illustrate a selection of polyphenols found in significant abundance and how their abundances vary across the plant extracts.
[image: ]Fig. 58 Normalised abundance profile of Caffeic acid 3-O-glucuronide in the plant sample extracts. Gut Weed and Pepper Dulse can be seen to contain this polyphenol in an abundance much greater than the other extracts.



[image: ]Fig. 59 Normalised abundance profile of Chlorogenic acid in the plant sample extracts. Alexander leaf and Nettle can be seen to contain this polyphenol in an abundance much greater than the other extracts.



[image: ]Fig.60 Normalised abundance profile of 3-Feruloylquinic acid in the plant sample extracts. Wild garlic can be seen to contain this polyphenol in an abundance much greater than the other extracts.


[image: ]Fig.61 Normalised abundance profile of Naringin in the plant sample extracts. Gorse flower and stem can be seen to contain this polyphenol in an abundance much greater than the other extracts.


	[image: ]Fig.62 PCA scores plot of plant extract data created with EZinfo. Plot of principal component 1 against principal component 2.  


The Hotelling's T2 Ellipse was set at 95% (H.Hotelling, 1932).  This PCA plot shows tight clustering within the sample types and the virtual distances between them, highlighting the similarities and differences between extracts.

[image: ]
Fig.63 S-plot of gorse flower compared to gorse stem using OPLS-DA. 

The S-plot shown in Fig.63 illustrates the similarities and differences between gorse stem and gorse flower. This type of plot can be used as a tool for identifying potential biomarkers for a particular plant, or species or structure. The points at the extremes of the top and the bottom detail the differences (discriminatory compounds). The points that cluster the origin denote the commonalities.  OPLS-DA (Orthogonal Projection to Latent Structures Discriminant Analysis) was used to identify compounds which describe the differences between the two conditions.


2.32 Q Exactive Plus Targeted Method (PRM)
 	Examples of the standard chromatograms for all analytes can be seen in section 1.34. Below is an example chromatogram and spectra of an extract.
                    [image: ]

Fig.54 Chromatogram of Gorse flower extract displaying a 5ppm mass tolerance around the EGCG [M-H]- ion.


[image: ]
Fig.55 Mass spectra of Gorse flower extract displaying the parent EGCG [M-H]- (m/z 457.0776) and daughter ion (gallate moiety, m/z 169.0141)


	  File name 
	  Conc (mg/l)
	      Area
	
	



	
	
	
	
	
	

	SHDWSTD011
	7.6
	86464045
	
	
	
	
	
	
	

	SHDWSTD012
	7.6
	96650958
	
	
	
	
	
	
	

	SHDWSTD013
	3.8
	52709929
	
	
	
	
	
	
	

	SHDWSTD014
	3.8
	55173940
	
	
	
	
	
	
	

	SHDWSTD015
	1.9
	26751264
	
	
	
	
	
	
	

	SHDWSTD016
	1.9
	28888567
	
	
	
	
	
	
	

	SHDWSTD017
	0.95
	14045388
	
	
	
	
	
	
	

	SHDWSTD018
	0.95
	14435860
	
	
	
	
	
	
	

	SHDWSTD019
	0.38
	4979488
	
	
	
	
	
	
	

	SHDWSTD020
	0.38
	4778513
	
	
	
	
	
	
	

	SHDWSTD021
	0.19
	888514
	
	
	
	
	
	
	

	SHDWSTD022
	0.19
	878910
	
	
	
	
	
	
	

	A001
	0
	0
	
	
	
	
	
	
	

	A002
	0
	0
	
	
	
	
	
	
	

	A003
	0
	0
	
	
	
	
	
	
	

	GT001
	0
	0
	
	
	Sample
	Conc (mg/Kg)
	
	
	

	GT002
	0
	0
	
	
	Alexanders
	0.0
	
	
	

	GT003
	0
	0
	
	
	Green Tea
	0.0
	
	
	

	WG001
	0
	0
	
	
	Wild Garlic
	0.0
	
	
	

	WG002
	0
	0
	
	
	Nettle
	0.0
	
	
	

	WG003
	0
	0
	
	
	Gorse Flower
	0.0
	
	
	

	N001
	0
	0
	
	
	Gorse Stem
	0.0
	
	
	

	N002
	0
	0
	
	
	Gut Weed
	0.0
	
	
	

	N003
	0
	0
	
	
	Pepper Dulse
	0.0
	
	
	

	GF001
	0
	0
	
	
	
	
	
	
	

	GF002
	0
	0
	
	
	LOQ(mg/l)
	LOD(mg/l)
	
	
	

	GF003
	0
	0
	
	
	0.0024
	0.0007
	
	
	

	GS001
	0
	0
	
	
	
	
	
	
	

	GS002
	0
	0
	
	
	
	
	
	
	

	GS003
	0
	0
	
	Concentration shown is amount in freeze dried sample.
	

	GW004
	0
	0
	
	
	
	
	
	
	

	GW005
	0
	0
	
	
	
	
	
	
	

	GW006
	0
	0
	
	
	
	
	
	
	

	PD004
	0
	0
	
	
	
	
	
	
	

	PD005
	0
	0
	
	
	
	
	
	
	

	PD006
	0
	0
	
	
	
	
	
	
	



Tab.29 External standard calibration and the analytical results for S-Equol in the plant sample extracts.
	  File name 
	  Conc (mg/l)
	      Area
	
	



	
	
	
	
	
	

	SHDWSTD011*
	2.6
	26118826
	
	
	
	
	
	
	

	SHDWSTD012*
	2.6
	31108350
	
	
	
	
	
	
	

	SHDWSTD013
	1.3
	12554987
	
	
	
	
	
	
	

	SHDWSTD014
	1.3
	12133423
	
	
	
	
	
	
	

	SHDWSTD015
	0.65
	6435632
	
	
	
	
	
	
	

	SHDWSTD016
	0.65
	6981008
	
	
	
	
	
	
	

	SHDWSTD017
	0.33
	2734527
	
	
	
	
	
	
	

	SHDWSTD018
	0.33
	2928068
	
	
	
	
	
	
	

	SHDWSTD019
	0.13
	835836
	
	
	
	
	
	
	

	SHDWSTD020
	0.13
	871966
	
	
	
	
	
	
	

	SHDWSTD021
	0.07
	154453
	
	
	
	
	
	
	

	SHDWSTD022
	0.07
	142507
	
	
	
	
	
	
	

	A001
	0
	0
	
	
	
	
	
	
	

	A002
	0
	0
	
	
	
	
	
	
	

	A003
	0
	0
	
	
	
	
	
	
	

	GT004
	11.99
	119939708
	
	
	Sample
	Conc (mg/Kg)
	
	
	

	GT005
	10.55
	105535814
	
	
	Alexanders
	0.0
	
	
	

	GT006
	11.11
	111138883
	
	
	Green Tea
	22433.3
	
	
	

	WG001
	0
	0
	
	
	Wild Garlic
	0
	
	
	

	WG002
	0
	0
	
	
	Nettle
	0
	
	
	

	WG003
	0
	0
	
	
	Gorse Flower
	6.1
	
	
	

	N001
	0
	0
	
	
	Gorse Stem
	0.4
	
	
	

	N002
	0
	0
	
	
	Gut Weed
	0.0
	
	
	

	N003
	0
	0
	
	
	Pepper Dulse
	0.0
	
	
	

	GF001
	0.0126
	126329
	
	
	
	
	
	
	

	GF002
	0.0433
	432723
	
	
	LOQ(mg/l)
	LOD(mg/l)
	
	
	

	GF003
	0.0362
	362080
	
	
	0.0063
	0.0019
	
	
	

	GS001
	0.0018
	17769
	
	
	
	
	
	
	

	GS002
	0.0013
	13240
	
	* Not used in calibration due to overloading.
	
	

	GS003
	0.0025
	25326
	
	
	
	
	
	
	

	GW004
	0
	0
	
	Concentration shown is amount in freeze-dried sample.
	

	GW005
	0
	0
	
	
	
	
	
	
	

	GW006
	0
	0
	
	RED denotes figures below the LOQ
	
	
	

	PD004
	0
	0
	
	
	
	
	
	
	

	PD005
	0
	0
	
	
	
	
	
	
	

	PD006
	0
	0
	
	
	
	
	
	
	



Tab.30 External standard calibration and the analytical results for EGCG in the plant sample extracts.
	  File name 
	  Conc (mg/l)
	      Area
	
	



	
	
	
	
	
	

	SHDWSTD011
	9.0
	89374539
	
	
	
	
	
	
	

	SHDWSTD012
	9.0
	91422863
	
	
	
	
	
	
	

	SHDWSTD013
	4.5
	45098992
	
	
	
	
	
	
	

	SHDWSTD014
	4.5
	45578610
	
	
	
	
	
	
	

	SHDWSTD015
	2.25
	24068776
	
	
	
	
	
	
	

	SHDWSTD016
	2.25
	25137399
	
	
	
	
	
	
	

	SHDWSTD017
	1.13
	13626628
	
	
	
	
	
	
	

	SHDWSTD018
	1.13
	13518806
	
	
	
	
	
	
	

	SHDWSTD019
	0.45
	4552513
	
	
	
	
	
	
	

	SHDWSTD020
	0.45
	4668700
	
	
	
	
	
	
	

	SHDWSTD021
	0.23
	864949
	
	
	
	
	
	
	

	SHDWSTD022
	0.23
	873954
	
	
	
	
	
	
	

	A001
	0.0062
	62056
	
	
	
	
	
	
	

	A002
	0.0047
	46648
	
	
	
	
	
	
	

	A003
	0.0066
	66151
	
	
	Sample
	Conc (mg/Kg)
	
	
	

	GT004
	0.804
	8043609
	
	
	Alexanders
	1.20
	
	
	

	GT005
	0.620
	6199917
	
	
	Green Tea
	1370.70
	
	
	

	GT006
	0.632
	6315728
	
	
	Wild Garlic
	0.16
	
	
	

	WG001
	0.0005
	4572
	
	
	Nettle
	2321.30
	
	
	

	WG002
	0.0007
	6797
	
	
	Gorse Flower
	82.70
	
	
	

	WG003
	0.0012
	11703
	
	
	Gorse Stem
	1.19
	
	
	

	N001
	12.00
	120075558
	
	
	Gut Weed
	0.06
	
	
	

	N002
	11.45
	114504864
	
	
	Pepper Dulse
	0.07
	
	
	

	N003
	11.37
	113734775
	
	
	
	
	
	
	

	GF001
	0.42
	4189631
	
	
	LOQ(mg/l)
	LOD(mg/l)
	
	
	

	GF002
	0.40
	3958621
	
	
	0.0005
	0.0002
	
	
	

	GF003
	0.42
	4163606
	
	
	
	
	
	
	

	GS001
	0.0066
	65776
	
	
	
	
	
	
	

	GS002
	0.0032
	32242
	
	
	
	
	
	
	

	GS003
	0.0080
	79761
	
	
	
	
	
	
	

	GW004
	0.0011
	10860
	
	Concentration shown is amount in freeze-dried sample.
	

	GW005
	0.0016
	15542
	
	
	
	
	
	
	

	GW006
	0.0016
	16223
	
	
	
	
	
	
	

	PD004
	0.0006
	5858
	
	
	
	
	
	
	

	PD005
	0.0023
	22689
	
	
	
	
	
	
	

	PD006
	0.0024
	23996
	
	
	
	
	
	
	



Tab.31 External standard calibration and the analytical results for Rutin in the plant sample extract
Discussion 

The discussion of this chapter of research will begin with a reminder of the research question: can significant value be added to waste from the agricultural and aquacultural industries of North Wales through characterisation by the use of modern mass spectrometry based analysis?
Questions of this nature have been asked by many researchers, with varying degrees of success. From the early characterisation of crocus flowers (NØrbÆk & Kondo, 1998) with relatively basic techniques, to the advanced characterisation of crocus flowers recently published (Zengin et al., 2019), the success of these researchers and others has led the way. This type of research has established that deeper information of plant metabolites, via advances in characterisation techniques, can lead to better understanding of the composition of complex natural extracts and subsequently will generate benefits in terms of health and/or profit. Plants synthesise diverse groups of secondary metabolites; polyphenols, alkaloids and terpenes, many of which are important due to their versatility in the design of nutraceuticals, functional foods, pharmaceuticals and analogues for synthetic drugs.
Data produced via discovery omics is complex. The filtering of data, as detailed in chapter 1, is a good strategy for revealing the highest quality results. The same strategy was applied to this data. Only the data with a high score, very high fold change between sample and blank, low ANOVA-p and q values and high abundance will be discussed here. The data sets reveal that many potentially important discovery level identifications have been made and many of these frequently appear in publications about polyphenolics extolling their health benefits. The choice of components to be investigated in further targeted research can be difficult. In an ideal world with no boundaries of time and money, all high scoring candidates would be selected and analysed. The plant lignan, Matairesinol, for example, is seen in high abundance with a very high score in gorse stem extract and at about a fifth of this level in the gorse flower extracts (Fig.57 for abundance profile, A2-004 and A2-005 abundance/injection highlighted in blue). This is an order of magnitude higher than the highest observed abundance in the previous chapter which was Oak bark (A1-002 also highlighted in blue). The publication “Radical and superoxide scavenging activities of matairesinol and oxidized matairesinol” (Yamauchi et al., 2006), shows this a promising candidate for further investigation. As this costs £400 for 5mg of analytical standard, this avenue of research will have to wait due to availability of funding. Other examples that would warrant further research would be Caffeic acid 3-O-glucuronide (Gut Weed and Pepper Dulse, Fig.58)(Piazzon et al., 2012), Chlorogenic acid (Alexanders and Nettle, Fig.59) (Meng, Cao, Feng, Peng, & Hu, 2013) and  3-Feruloylquinic acid (Wild Garlic, Fig.60) (Del Rio, Stalmach, Calani, & Crozier, 2010). Furthermore, in gorse flower, and stem to a lesser extent, there are a wealth of high abundance, high confidence polyphenols of significance; Naringin (Fig.61) (Williamson & Manach, 2005), Tectoridin (Kurihara et al. and Kubo et a, 2004), Equol 4'-O-glucuronide (Rocchetti, Giuberti, Lucchini, & Lucini, 2020; Y. Z. Zhang et al., 2012) and Daidzin (van Duynhoven, van Velzen, & Jacobs, 2017). See Tab.27 and also Tab.A2-001 to Tab.A2-008 for details of the plant extract discovery results.
An overall observation of the discovery data suggest that there is a diverse array of polyphenolic compounds present, which have been tentatively identified in these extracts including polyphenol glucuronides which can have pharmaceutical uses as with breviscapine (scutellarin-7-O-glucuronide) (Yue et al., 2019) . The abundance and variety of polyphenolics is lowest in both seaweeds (Tab.A2-006 & Tab.A2-007), whereas gorse flower and stem (Tab.A2-004 & Tab.A2-005) have abundances and diversity comparable to that of the green tea extract which was used as a benchmark (Tab.A2-008). The terrestrial plants studied here, in general, have higher abundances and a greater variety of polyphenolics compared to the aquatic macroalgae. This may be a result of less research focusing on seaweed polyphenolics than on terrestrial plants. As an example, the main polyphenolic components of brown seaweeds are phlorotannins (Agregán et al., 2017). These are oligomers of phloroglucinol (1,3,5- trihydroxybenzene) and are not yet incorporated in the searched database (Phenol-Explorer) although these phenolic compounds are integral structural components of the cell wall in brown algae. They also play many secondary ecological roles such as protection from UV radiation and defence against grazing (Heffernan, Brunton, FitzGerald, & Smyth, 2015). A solution to this would be to create a local database and to also contribute to the Phenol-Explorer database.
Many polyphenolic compounds will be common across seaweeds and terrestrial plants but will depend on many variables such as habitat, harvesting season and environmental conditions such as salinity, temperature and light (Rodríguez-Bernaldo de Quirós, Lage-Yusty, & López-Hernández, 2010). The content and profile of phenolic substances in marine algae vary much between species (Kumar, Ganesan, Suresh V, & Bhaskar, 2008; Zubia, Robledo, & Freile-Pelegrin, 2007). Method development should apply a continuous improvement approach, where development is seen as ‘work in progress’. An efficient targeted extraction protocol would inevitably lead to a higher chance of success for future applications. 
The stability of polyphenolics in algal extracts and conditions used may affect the extraction of polyphenolics from seaweeds. Polyphenolics in algae seem to be particularly sensitive to heating as well as UV radiation exposure as Le Lann et al. have illustrated (Le Lann, Jégou, & Stiger-Pouvreau, 2008). These authors reported a significant reduction in the content of polyphenolic compounds due to these factors. Another point to consider is that a higher mineral salt content in seaweed extracts may lead to ion suppression and lower signal/abundance. This links back to a previous statement about the need for a specific and tailored extraction method for seaweeds maybe including a salt removal step using solid phase extraction (SPE).
In considering the functions of these secondary metabolites, it seems reasonable to question whether aquatic plants are subject to the same level of environmental stress that terrestrial plants are.
To summarise the main functions of polyphenols in plants: 
· Control of the growth hormone auxin. 
· UV protection. 
· Antimicrobial properties to defend against infections.
· To act as a deterrents to herbivores. 
· Signalling molecules involved in growth processes e.g. ripening.
· Attractants to pollinators e.g. brightly coloured pigments

Oxidative stress, which is a factor in polyphenol production, will be different in environments of differing UV exposure. Another example, based on heat stress, is that thermal stress has been shown to induce the accumulation of polyphenolics in plants by activating their biosynthesis as well as inhibiting their oxidation. Water melons and tomatoes have been shown to accumulate polyphenols in their cells in response to heat or cold (Rivero et al., 2001). The ocean is a large heatsink which avoids the sudden temperature fluctuations that terrestrial plants experience, even from day to night, but especially from season to season. Is it possible to make use of this function to trigger higher polyphenolic content in plant based products?
	Continuing with the evaluation of the discovery mode results, Figs 56 through to 61 illustrate the differences in polyphenols present across the plant extracts. It seems very likely that all of these plants and seaweeds could be used in the production of nutraceuticals or food additives. They could also be selectively used to provide specific polyphenols of interest to a certain end product based on the particular product requirements. The PCA scores plot in Fig.62 shows the wide differences amongst the extracts analysed and also shows the groups which are most similar. The tight clustering of sample injections of a certain type illustrates good agreement within a condition giving additional confidence in the quality of this data. 
	The S-plot in Fig. 63 was created to illustrate the differences and similarities between samples. Gorse flower (bottom left) and gorse stem (top right) were plotted against one another as a way of showing that even different structures within the same plant have features which can potentially be used as biomarkers. These markers can be selected in EZ Info, imported into Progenesis QI and used to create tags. These tags can then be used to filter data by specific biomarkers; a powerful technique that could be applied to distinguish between Alexanders and its deadly lookalike Hemlock Water-dropwort (Oenanthe crocata) (Edible Seashore – J. Wright). This way of dealing with discovery data is applied much more thoroughly in chapter 3.
Partly due to reasons mentioned earlier, the targeted analysis for these extracts was restricted to the same four components as the first chapter. Three of these analytes were highlighted in the discovery data for these extracts. Paeonol was not present and was therefore excluded from this round of analysis. The targeted method focused on EGCG, Rutin and S-Equol. The fact that S-equol was not found again provides a further indication of a misidentification. Maybe an isobaric species is the actual component present or S-equol is below the LOD of the targeted method. This again highlights the need for caution with respect to discovery data. Gorse and nettle are abundant in the countryside and are regularly cut back by farmers and county councils alike. The availability of this resource is abundant. These plants have emerged as the success of this chapter with nettles having twice as much rutin as green tea. Gorse flowers, and to a lesser extent gorse stem, containing both EGCG and rutin. The simplest way to make these compounds available as a nutraceutical for human consumption would be in the form of tea. The extraction of these polyphenols could be scaled up to a production plant scale in order to create a multi-component extract to enhance nutrition in many areas. The extraction methods available have been discussed in chapter 1 and could be conceivably applied to create a Pycnogenol-type, nutraceutical tablet based on the waste of these industries.
Disappointingly, the molecules which were targeted in the extracts from seaweeds and Alexander were not seen apart from low concentrations of rutin. The targeted work has created a more negative impression than is necessarily warranted. Cost restriction should be considered. The molecules that were targeted were ideal for illustrating the potential of this approach for this kind of waste. If other polyphenolics could have been targeted, it is believed that the potential of the plants and seaweeds could be illustrated in a better way. In contrast, the discovery work shows that a rich array of polyphenolics have been tentatively identified in all extracts. With the low false discovery rates created through prudent data filtering, it can be expected that a great majority of these identifications will be correct. From the q-values of the selected components, a 95% correct discovery rate can be a reasonable expectation. Furthermore, the creation of a highly specific local database would create higher certainty and confidence with respect to this discovery workflow. This can be achieved using Progenesis QI Metascope, which will be discussed, in full, in the following chapter.
 Significant value can be added to waste from the agricultural and aquacultural industries of North Wales through characterisation by the use of modern mass spectrometry based analysis. The research presented here provides direction and focus for the next step in new product development.


2.5 Conclusion

This research expands on the approach described in chapter 1 and once again shows a diverse array of polyphenols, many of which are important due to their versatility in the design of nutraceuticals, functional foods, pharmaceuticals and analogues for synthetic drugs. The characterisation of this selection of plants and seaweeds has provided a way to valorisation through the use of this LC-MS workflow. 
Gorse flowers and nettles were shown to be the highlights of this study. The ubiquitous nature of these plants, which establish readily in diverse terrains, adds to the potential of these natural sources of nutrients. The application of multivariate analysis can help to convert the acquired data into useful information which can be used towards quality control in the production process and screening for harmful components. 
The development of this research to create saleable natural products and contributions to functional foods would be the necessary next step. Evaluation of health and safety aspects, cost and marketing would be necessary for successful progress from this initial research. 


Chapter 3 

Characterisation of various types of tea by the use of UPLC with a Q Exactive Plus in dd-MS2 mode and multivariate data analysis.

3.1 Introduction 

Often it is said that tea is the second most popular drink in the world, only being surpassed by water itself (Tea Fact Sheet – 2018-2019, Tea Association of the USA Inc.). Apparently, discovered almost 5,000 years ago by Chinese Emperor Shennong, also known as The Divine Healer, tea has become embedded in history, culture, industry, ceremony and economics. Cultures differ vastly worldwide from the ‘builder’s brew’ of the working class British to the elaborate Japanese Chanoyu meditative ritual, which can last up to 4 hours when the protocols of its Chaji variation are adhered to (L.Gaylard, 2015). 
The economic impact of tea is steeped in history too. With the British East India Company monopolising half the world tea trade in the 1600s, tea established its importance in Western high society. The high taxation by the British government led to the Boston tea party in 1773, which was followed in 1784 by the lowering of tax in Britain leading to the beverage becoming the mainstay of life for the everyday British people and not just in the realms of the elite. The economic relevance of tea has continued to grow in modern times. 
Tea is produced in many countries including China, Kenya, India, Sri Lanka, Turkey and Vietnam. World tea production now exceeds 4 billion kilograms and is continuing to grow year on year (L.Gupta, 2018). This is no surprise with the ever-increasing global population. China and India lead the tables of tea consumption with China drinking twice as much as India (Gibbs, 2016) both far outranking the UK, Russia and the USA.   In terms of exports across the globe, tea is significant to many countries (Fig. 64). Obvious leading exporters are China, India, Kenya and Sri Lanka with more surprising and lesser contributions made by Argentina and Tanzania and even the USA (others) contributing to 0.009% of global tea production via 900 acres of coastal land.
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Fig.64   World tea exports in 2013 by percentage contribution (Data Source: UN FAO IGG Secretariat). 


	All teas are produced from the same species: the evergreen plant Camellia sinensis. Two varieties of this species exist, Camellia sinensis var.sinensis and Camellia sinensis var.assamica (Drynan, Clifford, Obuchowicz, & Kuhnert, 2010; L.Gaylard, 2015). Even plants of the same variety will develop different characteristics depending on the environment of its cultivation. Latitude, altitude and climate are the main factors that influence the flavour and character of the harvested leaves. Many plantations are situated in the cooler mountainous regions. Mist, rain and a breeze being of additional benefits. A detailed account of the world’s tea plantations would be beyond the scope of this thesis as these exist in many areas of China, India, Sri Lanka, Kenya, South Korea, Japan, Taiwan, Turkey, Vietnam, Indonesia, Thailand and others. All create their own particular nuances in flavour and their own regional tea culture. Surprisingly,  tea has recently been successfully produced in small amounts in Scotland (BBC, 2014; Financial Times, 2016). This product is sold at £40 for 20g. Nuances, which are specific to regional climate and production methods, as with all teas, show the need to establish provenance with a high degree of certainty for the benefit of marketing and consumer confidence. Lack of confidence with respect to provenance will adversely affect the tea’s market value.
	The teas, which are the focus of this study, are produced in Kenya and Sri Lanka. The following paragraphs will take a more detailed look at these regions and give an overview of tea varieties.




KENYA – There are four main tea plantations, which are either side of the Great Rift Valley. They are Muranga (small holders), Nandi Hills, Nyeri County and Kericho (L.Gaylard, 2015). Kericho, which is 2,000m above sea level, is the location of four factories owned by James Finlay Ltd.; the tea industry collaborator in this study (a non-disclosure agreement exists). This British company produces 23 million kg of tea per annum. They are the largest importer of black tea in the UK. The Kericho soil has a deep, rich, loam which is high in organic content and a climate that is ideal for high quality tea production with good yields. Sitting at the edge of the Mau Forest there is the availability of rivers for tea irrigation. The character of tea is influenced by the elevation, the soil, wind conditions and temperature and the quality of the plucking (J.Finlay, 2019). Kericho (Fig.65) is the largest Kenyan tea-growing region and supplies most of their black tea for export. 


[image: ]   Fig.65 A Kericho tea plantation, Kenya.
Bjørn Christian Tørrissen [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]



SRI LANKA – A British colony formerly known as Ceylon. The main tea-growing regions are Kandy, Nuwara Eliya (Fig.66), Dimbula and UVA. James Finlay Ltd. operate in four main regions in Sri Lanka; Courtlodge (Nuwara Eliya region), Matale, just north east of the hill capital of Kandy, Uva-Udapussellawa (close to Nuwara Eliya region) and Sabaragamuwa (Ratnapura / Rakwana) in the south west of the country. The estates lie at various altitudes from 500m to 2,200m above sea level and, as a result, enable the production of a range of teas with distinctive character and flavour. Whilst the majority of their factories manufacture orthodox teas by the orthodox tea-making process, factories also produce CTC teas through the cutting, tearing and curling process. The significance of the processing methods in tea production will be discussed later in detail.
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Fig.66 A Nuwara Eliya medium altitude tea plantation, Sri Lanka.
Wolfgangbeyer [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]

Tea from Sri Lanka falls into three categories: low grown (on estates up to 600m high); medium grown (between 600m and 1,200m); and high grown (over 1,200m). Each level produces teas of a particular unique character. All Ceylon blends have brisk, full flavours and bright, golden colour (J.Finlay, 2019).
	The sheer number of tea varieties and uses within different cultural contexts is immense and lies firmly in the realm of the tea Sommelier.  It is sufficient for the scope of this thesis to describe the main categories, which will ultimately aid in conveying the intended scientific point. 
Green Tea – This is an unoxidised tea very similar to the plucked leaf itself. A springtime leaf bud is used, which is full of nutrients, after dormancy over the winter. Green tea has a short shelf life of 6 to 8 months.
White Tea – Made from tender young buds which still have pekoe (fine white fuzz) on them. This is the least processed of all teas and is considered to be the healthiest due to its high polyphenolic content. Minimal natural oxidation occurs.
Oolong Tea - Made from mature leaves harvested from further down the plant. This is semi-oxidised under strict control during its meticulous production process.
Black Tea – Fully oxidised tea which is the main tea produced in Kenya and Sri Lanka. Made primarily for the tea bag industry. This is the mainstay of the British ‘cuppa’ or the Welsh ‘panad’. Referred to as ‘red tea’ in China.
Pu’er Tea – Named after a town in China’s Yunan province. This is a post-fermented tea in which processed leaves are compressed into a cake and sold after several years of ageing to produce the Sheng variety. The Shou variety also exists which undergoes an accelerated fermentation process. Connoisseurs believe that the flavours become more complex over time (Ahmed et al., 2010).
Yellow Tea – This is produced in only a few places, such as Sichuan and Hunan in China, and as a result is fairly rare. The highest quality grades are produced from green leaves harvested during the early spring. The yellow caste is a result of the production process, which results in a delicate fresh flavour. Yellow tea has a catechin content higher than green tea (Gramza-Michałowska et al., 2016).
Purple Tea - Purple tea (Fig.67) is a relatively new variety of green tea developed in Kenya as a healthier addition to the world of tea (Kilel, Faraj, Wanyoko, Wachira, & Mwingirwa, 2013). It is lower in caffeine and high in anthocyanins, which give it its purple colour. Many claims are made about its health benefits including suppression of diet-induced fat accumulation (Shimoda, Hitoe, Nakamura, & Matsuda, 2015) and its significantly higher anti-oxidant potential when compared to other teas (Kerio, Wachira, Wanyoko, & Rotich, 2013). Grown at 2,000m or above. Leaves initially emerge as green and take on a purple hue with maturity.
[image: Image result for purple tea]
Fig.67 Purple tea grown next to green tea in Kenya.
[CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]
	Beyond these categories there are many blends and methods of tea preparation. Generally, black tea is drunk with the addition of milk in the Western world. It seems to be a point of perpetual debate that milk decreases the associated health benefits of tea. This has been questioned by scientific research although debate continues (Hollman, Hof, Tijburg, & Katan, 2001; Van Het Hof, Kivits, Weststrate, & Tijburg, 1998).
The term post-fermentation refers to teas that have been inoculated with microbes after the leaves have been processed and fermented in a traditional way. This is use in the preparation of Kombucha tea and is lauded for its probiotic benefits. Kombucha tea can be a fermentation of black or green tea. It is felt that this could provide an appealing future study of the chemistry involved.
Tea processing is where much of the interesting biochemical transformations take place, post harvesting. The method used has a profound impact on the tea produced affecting flavour, odour, colour and the array of health giving components present including the all-important polyphenolics. Processing techniques vary regionally and can involve hand only processing or may include the use of machines.
One of the most important factors in tea processing is the degree of oxidation (sometimes loosely referred to as fermentation) which is allowed to occur or is even promoted. Leaves may be ‘fixed’ in order to stop natural oxidation or oxidation might be promoted by bringing polyphenolics in contact with the enzyme polyphenol oxidase (PPO; EC number 1.14.18.1). This is achieved by applying either the crush, tear, curl (CTC) method or orthodox methods. Generally, there are two classes of polyphenols present in tea leaves; flavanols and flavonols. In freshly harvested leaves the main polyphenolic component is flavan-3-ol (catechin). In the fresh, intact green leaves, the polyphenols and PPO are spatially separated. Polyphenols are located in the mesophyll cells in close proximity to the epidermis whereas the enzymes of interest to tea processing are located in the epidermis and around the vascular bundles (Drynan et al., 2010) (see Fig.68). Distribution even within the mesophyll tissue has been shown to be inhomogeneous and their concentration is highest next to the epidermis or inside the larger vacuoles within the mesophyllic cells. To start the oxidation process, which is required for the production of teas like oolong and black teas, the tea polyphenols need to be brought in contact with the copper containing PPO enzyme. 
Polyphenol oxidases (tyrosinases) are enzymes with a dinuclear copper centre. They are able to insert oxygen in a position ortho- to an existing hydroxyl group in an aromatic ring, followed by the oxidation of the diphenol to the corresponding quinone. Molecular oxygen is used in the reaction. The structure of the active site of the enzyme, in which copper is bound by 6 or 7 histidine residues and a single cysteine residue has remained relatively conserved although the amino acid sequence shows very considerable variability amongst species. The enzyme is found to be almost universally present in animals, plants, fungi and bacteria (Mayer, 2006). 


	The CTC method involves the use of machinery to slice, crush and bruise the tea leaves using rotor vanes and rollers. This method is widely used in Kenya and Sri Lanka for the processing of black tea.
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Fig.68 Leaf tissue structure.
(By Zephyris [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)] 


	The orthodox method employs a more hands-on approach to preserve as much of the whole leaf as possible. This method leads to what is believed to be a higher quality tea, which in turn is sold for a higher price. 
	The processing of white tea is the simplest: it is plucked, withered and sorted (Hilal & Engelhardt, 2007). The function of withering is to remove much of the moisture from the leaves to make them pliable. This is either done by air drying in the sun or in a controlled factory environment. Other elements, such as stems, are removed by sorting, which is also part of the tea grading process. 
Green tea, yellow tea and purple tea undergo the necessary step of ‘fixing’ before sorting but do not undergo the withering step. Purple tea does undergo slight withering though (Experience, 2019.). The fixing step involves pan firing the leaves (the use of direct heat by ‘frying’ leaves in a pan) in order to denature the enzymes and prevent oxidation. In Japan, steaming is used to perform the fixing step which adds another difference to processing and therefore flavour and smell. After fixing, yellow tea is wrapped in damp cloths for prolonged periods or an enclosed humid container (Yi et al., 2015) in a process referred to as ‘heaping’ or ‘men huang’. This leads to the yellow cast, which is a feature of this type of tea.
Black, Oolong and Pu’er tea go through the rolling process in order break down the cell walls which optimizes oxidation for black and oolong teas. Pu’er tea goes on to be steamed and formed into cakes, ready for fermentation. Black and oolong proceed to the oxidation step where black tea is taken to complete oxidation and oolong tea is allowed to go to a desired level of oxidation (K. Wang et al., 2010), they are then fired and sorted (Company, 2019.; L.Gaylard, 2015).

The infographic on the following page (Fig.69) explains tea processing as described in the previous paragraphs.


[image: ]Fig.69 Tea processing Infographic. [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]



The specific processing of each type of tea is reflected in its phytochemical profile. An assessment of the published metabolic profile of each tea will follow, concentrating mainly on polyphenolics but also discussing other features such as associated health benefits. As fresh tea leaves are the raw material for all teas, the description will begin with green tea’s phytochemistry.
As mentioned previously, the major group of polyphenolic compounds in fresh leaf and green tea are the flavanols, which are also referred to as catechins. The main flavanols in green tea are (-)-epigallocatechin 3-gallate (EGCG) (Fig.15), (-)-epigallocatechin (EGC), (-)-epicatechin (EC), (-)-epicatechin-3-gallate (ECG), and (+)-catechin (C) (Fig.1). Epiafzelechin and epiafzelechin gallate as well as methylated flavanols have also been identified. (Hilal & Engelhardt, 2007). This is illustrated in Tab. A2-008, from the analysis of chapter 2, in which packaged green tea was used as a benchmark in HDMSe discovery work. These are considered to be the most prominent components. Green tea is a rich source of proanthocyanidins (dimers linked by positions 4 and 8, Fig.83) but lower in bis-flavanols (dimers linked by positions 2’ and 2’, Fig. 70) in comparison to black tea.


Fig.70. Theasinensin C, an example of a bis-flavanol.
This is in agreement with the observations that galloylated proanthocyanidins are found to be particularly degraded during the oxidation process used in black tea processing but not during green tea manufacturing (Hashimoto, Kazushige Sogawa, 1992). This observation is consistent with varying amounts depending on the degree of oxidation. At least, 16 proanthocyanidins have been found in tea (U H Engelhardt, Lakenbrink, & Pokorny, 2004) as well as polyphenols. Fresh green tea leaf analytes include methyl xanthines (Fig.71), such as caffeine (approximately 3.5% of the total dry weight) and the less potent theobromine (0.15–0.2%), theanine (4%) and other free amino acids (1–5.5%), lignin (6.5%), organic acids (1.5%), chlorophyll (0.5%) and other pigments carotenoids, volatiles (low molecular mass aldehydes and alcohols), carbohydrates, proteins, lipids and inorganic material commonly referred to as ash (Graham, 1992). 
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Fig.71. Xanthine: R1 = R2 = R3 = H, Caffeine: R1 = R2 = R3 = CH3, Theobromine: R1 = H, R2 = R3 = CH3, Theophylline: R1 = R2 = CH3, R3=H 
Terpenes are another large class of secondary metabolites present, including oxygenated terpenes and sesquiterpenes (Namal Senanayake, 2013). These are powerful olfactory and flavour components, whose importance is often overlooked in tea literature. The taste and flavour of tea is governed by key chemical combinations which are polyphenols, caffeine, organic acids and the volatile terpenes (Borse, Rao, Nagalakshmi, & Krishnamurthy, 2002). The most important volatile flavour components in green tea were found to be hotrienol, geraniol, linalool and alpha-terpineol depending on the source and manufacturing process of the green tea (Pripdeevech & Machan, 2011). 



a,    	      b,   


c,             d,   

Fig.72. Molecular structures of (a) hotrienol, (b) geraniol, (c) linalool and (d) alpha-terpineol.


These are all members of the terpene family. The paper referenced, by Borse et al., displays the large array of components that contribute to the taste and flavour experience of tea. Furthermore, it is stated that “Every tea has its own volatile flavour components characteristic according to the different origin and genotype breeding …… the fermentation tea processing leads to significant change of volatile flavour components in tea”. Tea volatiles were shown to increase with oxidation when compared to green tea which has been processed in such a way to actively avoid the oxidation process. In the way that polyphenolics have been the theme of this thesis, a focus on terpenes could be of equal scientific importance and interest.
The general health benefits of polyphenols have often been described in the context of green tea as a model for this class of compounds (Del Rio et al., 2010; Gerhauser, 2018; Graham, 1992; Kuroda & Hara, 2004; Sajilata, Bajaj, & Singhal, 2008; Younes et al., 2018). These health benefits have been described earlier (chapter 1, introduction) so only additional information will be discussed here. As catechins are present in higher quantities in green tea than in black or oolong tea, they tend to be in the spotlight of green tea literature. Green tea catechins are best known for their antioxidant properties, which has led researchers to study their effects on diseases associated with reactive oxygen species (ROS), such as cancer, cardiovascular and neurodegenerative diseases. Several studies have shown that green tea can afford protection against various cancers such as those of the skin, breast, prostate and lung. The health claims continue stating that green tea has been shown to be hypocholesterolaemic and can also prevent the development of atherosclerotic plaques. Green tea has been shown to afford significant protection against Parkinson's disease and Alzheimer's disease. On top of this, green tea has shown anti-diabetic effects in animal models. Other health benefits attributed to green tea include anti- bacterial, anti-HIV, anti-aging  and anti-inflammatory activity (Zaveri, 2006).
Oxidation of polyphenols through enzymatic conversion, mainly down to the action of polyphenol oxidase (PPO), leads to a whole host of different and complex components, many of which have yet to be been characterised. To a lesser extent, and under different conditions, a peroxidase enzyme (EC number 1.11. 1. x) is also involved in this transformation (Davies et al., 1999). These compounds, created by the oxidation of fresh green tea leaves, are not present in healthy plant tissue and are thought to provide a mechanism against insect attack. After the oxidation process, the majority of flavonoids remain unchanged. It is the flavan-3-ols that are altered and are therefore not present in black tea. The theory is that flavan-3-ols are chemically converted into more complex polyphenols (Drynan et al., 2010). These oxidation products will be discussed in detail over the coming pages.
As black tea is fully oxidised, this is the tea variety that contains the largest amount of oxidation products. Broadly speaking the components of black tea can be split into two categories. Firstly there are the low molecular weight compounds of less than 1,000Da which consists of monomer to trimers of polyphenols whose structures are known. The second category contains the polymeric polyphenol components called the Thearubigins (TR) with masses over 1,000Da. TRs are heterogeneous molecules, which create the characteristic reddish-brown colour of black tea, and contribute to more than 70% of the dry mass of a black tea infusion. The structure of these polymers are yet to be elucidated although some progress has recently been made by Wang et al (W. Wang, Zhang, Lv, & Sang, 2018). In some studies, this TR fraction is further sub-divided into a butanol soluble and a butanol insoluble fraction. The butanol insoluble fraction is referred to as the Theabrownins (TB) (Arcy & Rintoul, 2004). The TB fraction is thought to be a protein-TR complex and has a negative effect on tea quality. Peng et al also suggest that TBs are water soluble polymeric phenolic compounds derived from polyphenols, polysaccharides, proteins, lipids and caffeine (Peng, Liu, Liu, Zhou, & Gong, 2013) 
  The chemistry of black tea is characterised by oxidation in aqueous media, catalysed by PPO, which uses the following flavanol polyphenols as substrates - EGCG, ECG, EGC and epicatechin. Oxidation of the catechol moiety on the B-ring produces highly electrophilic o-quinones, which subsequently react with the nucleophilic flavanols initially forming a C–C bond, followed by variety of cascade reactions that yield dimeric species such as theaflavins, theanaphthoquinones, theasinensins and theacitrins. These dimeric species can be subjected to further oxidation or act as nucleophiles in reactions with o-quinones derived from EGCG, ECG, EGC and epicatechin (Davies et al., 1999; Drynan et al., 2010).
Theaflavins (TF) contain the benzotropolone moiety which gives them their distinctive yellow-orange colour. See Fig.73 below,
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Fig.73. Benzotropolone moiety. R = A and C rings of flavanols polyphenols, R’ = -H or –OH.

 Theaflavin, theaflavin-3-monogallate, theaflavin-3’-monogallate and theaflavin-3,3’-digallate are the four main TFs in black tea totalling up to 2%.
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Fig. 74. The theaflavins; (a) theaflavin, (b) theaflavin-3-monogallate, (c) theaflavin-3’-monogallate and (d) theaflavin-3,3’-digallate.
	
	Precursor A
	Precursor B
	Product

	epicatechin
	epigallocatechin
	theaflavin

	epicatechin
	epigallocatechin gallate
	theaflavin-3-monogallate

	epigallocatechin
	epigallocatechin
	theaflavin-3’-monogallate

	epigallocatechin
	epigallocatechin gallate
	theaflavin-3,3’-digallate



Tab.32 Major theaflavins precursors.


This table (Tab.32) indicates the flavanol backbones of the four major theaflavins. There are two mechanisms proposed in literature as to how this transformation may occur to produce TRs. See Fig.75 and Fig.76.



Fig.75. Reaction mechanism 1. (Takino, Imagawa, Horikawa, & Tanaka, 1964)




Fig.76. Reaction mechanism 2. (Bajaj & Anan, 1987)
As these structures can be viewed from different perspectives, it is prudent to confirm that the products from mechanisms 1 and 2 are equivalent (Fig.77).


Fig.77 Illustration of the equivalence of the theaflavin precursors illustrated in the two reaction mechanisms (Fig.75 and Fig.76) with colour coded structural features.

TFs degrade via destructive oxidation of phloroglucinol rings by a peroxidase enzyme and, at some stage in the production process, the rate of TF degradation exceeds their creation.  The degraded products may be involved in TR formation as an increase in TR formation is seen at this stage  (Drynan et al., 2010).
Many analogues based on this central theme have been characterised by a combination of IR, UV-Vis, MS and 1H-NMR analysis. They are methylated theaflavins, Isotheaflavins, theaflagallins, theaflavates, theaflavic acids (Fig.78), theadi/tribenzotropolones, theanaphthoquinone, bistheaflavins, and dehydrotheaflavins (Fig.79) some of which are thought to be produced via the action of other enzymes. Furthermore many other derivatives of theaflavin exist (Drynan et al., 2010).
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Fig.78. Molecular structures of (a) Isotheaflavin, (b) epitheaflagallin, (c) theaflavate and (d) theaflavic acid.
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Fig.79. Molecular structures of (a) Theadibenzotropolone A, (b) Theanaphthoquinone, (c) Bistheaflavin A and (d) Dehydrotheaflavin.


 Also (-)-Epigallocatechin gallate dimer, theasinensins, tricetanidin, and theacitrins are included. Theacitrins are thought to be the precursors which are key in the production of TRs (Powell et al., 1993). See Fig 80.
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Fig.80. Molecular structures of (a)  (-)-Epigallocatechin gallate dimer, (b) Theasinensin A, (c) Tricetanidin and (d) Theacitrin A.


On top of this are galloyl-glucose and galloylquinic acids such as strictinin (Fig 81).
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Fig.81. Molecular structures of (a) 1,4,6-tri-O-galloyl-b-D-glucose, (b) theogallin (a galloylquinic acid) and (c) strictinin.
 
There are 14 known flavonol glycosides based on quercetin, kaempferol and myricetin (Fig.82) plus flavone-C-glycosides and also proanthocyanidins (examples shown in Fig.83).
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Fig.82. Molecular structures of (a) Kaempferol, (b) Quercetin and (c) Myricetin.
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Fig.83. Molecular structures of (a) 8-C-isovitexin (a flavone-C-glycoside example) plus (b) Prodelphinidin B4 and (c) Procyanidin B5 (showing two representative structures of proanthocyanidins).


It is thought that the characterisation of the components of black tea achieved so far, is actually only a small slice of the thousands that are present  (Haslam, 2003). The theme of using small building blocks to be the basis of larger functional structures is illustrated by amino acids and protein chemistry, nucleic acids and DNA chemistry and also carbohydrate chemistry  (Drynan et al., 2010). 
The health benefits of green tea are much easier to define than those of black tea. The many complex polyphenols present in black tea, many of which are in the early days of characterisation, make this a much more difficult task (Menet, Sang, Yang, Ho, & Rosen, 2004).  Drinking 3 cups of black tea per day for 2 weeks increased the concentration of flavonoids in the blood by about 25%. The consumption of flavonoids can lower the risk of coronary heart disease through a number of mechanisms. Tea flavonoids have also been shown to reduce low-density lipoprotein (LDL) cholesterol by 11.1%. Studies reveal positive effects of flavonoids as they induce an anti-inflammatory response (S.Lutfallah, 2009).
 It is logical to expect that the specific health benefits of black tea will be different to those of green tea due to the varying composition of the TF, TR and bis-flavanol components, to name but a few (Ulrich H Engelhardt, Lakenbrink, & Pokorny, 2004), but good evidence that defines the specific differences is scarce. Theaflavins have been shown to be much more efficient alpha-amylase (EC number 3.2.1.1) inhibitors than catechins, leading to better control of blood glucose levels in diabetics (Kwong, Tan, & Ong, 2014). Also Hiroaki et al. report that theaflavins and their gallate esters in black tea have strong metal ion scavenging ability, affecting apoptotic and inflammatory pathways. They induce apoptosis in mammary epithelial carcinoma cells and inhibit HIV-1 entry. In terms of an action attributed specifically to TRs, Hiroaki et al. discovered that TRs are potent inhibitors of pancreatic lipase (EC number 3.1.1.3) and can supress postprandial elevation of triglycerides (Hiroaki, 2014).  It is felt that a catalyst to black tea health studies lies in the eventual characterisation of TRs although the more general health benefits of black tea are reasonably established (Izawa, 2010).

White tea is defined differently depending on its origin. In Kenya white tea is defined as only plucking the bud or first leaves which are then dried with minimal processing (Hilal & Engelhardt, 2007). Although some natural oxidation occurs, white tea generally has characteristics similar to that of green tea due to its minimal processing. One noticeable difference is that the caffeine levels reported in white tea are approximately double that of green tea. Another difference reported is that white teas contain a myricetin triglycoside (787m/z). This has not yet been characterised and is found in neither green nor black tea (Hilal & Engelhardt, 2007). The health claims of white tea are very similar to that of green tea in general due to its minimal processing (Meenakshi Nagdeve, 2019). EGCG is identified as the major polyphenol in both white and green teas, but caffeine, gallic acid, theobromine, EGC, and ECG are present at higher concentrations in white tea. Furthermore, due to the higher concentrations of key polyphenols, white teas exhibit potent anti-mutagenic properties which exceed that of premium grade green tea (Santana-Rios et al., 2001).

The chemistry of purple tea and green tea is very similar. The big difference being the presence of anthocyanidins and anthocyanins in purple tea whose inclusion was the aim of the developers of this variety. Profiling of Kenyan purple tea (clone TRFK 306) has shown the presence of the anthocyanidins cyanidin, peonidin, pelargonidin, delphinidin, and malvidin (See Fig.84) (Kerio, Wachira, Wanyoko, & Rotich, 2012; Kerio et al., 2013; Kilel et al., 2013). The additional properties of this purple pigment adds potential for extra health benefits. An example of this is Croton lechleri, which is described later. In a recent study, older adults with mild to advanced dementia were given supplements containing anthocyanins which catabolised to anthocyanidins in vivo (Krikorian et al., 2019). Improved cognitive performance was demonstrated in their study. Anthocyanidins have been shown to cross the blood brain barrier in mice resulting in an upregulation of antioxidant reserves (Rashid et al., 2013). This is thought to protect neurons from reactive oxygen species (ROS) induced cell death. This may be of benefit towards the prevention of conditions associated with oxidative stress in the brain such as Alzheimer’s and Parkinson’s disease, amyotrophic lateral sclerosis (also known as motor neurone disease) and multiple sclerosis. Purple tea has been shown to have an anti-obesity effect due to the combination of caffeine and catechins supressing fat accumulation in a study performed on over-weight human adults (Shimoda et al., 2015). 
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Fig.84. Kenyan purple tea anthocyanidins: cyanidin (a), peonidin (b), pelargonidin (c), delphinidin (d), and malvidin (e).

	Oolong tea is in many ways a ‘best of both worlds’ tea product which has the afore mentioned components of green tea (flavanols) plus many of the products of black tea (TFs and TRs) due to the controlled partial oxidation process employed to create this tea. Oolong tea, therefore possesses the characteristics of both in terms of volatile aromas plus sensory and flavour aspects (K. Wang et al., 2010). Nerolidol, indole, benzenacetaldehyde, linalool, linalool oxide, n-hexanal, benzyl nitrile, geraniol and 1-penten-3-ol are the dominant volatile compounds of oolong tea samples quoted in literature. Other principle contributors to oolong’s fragrant and flowery aroma are methyl salicylate, methyl jasmonate, phenylethyl alcohol, benzyl alcohol, cis-jasmone and β-Ionone. β-Ionone is a member of the ‘rose ketone’ family and is in part responsible for the fragrance of roses as is geraniol (Rasouli, Ahmadi, Rashidi Monfared, & Sefidkon, 2018). 
The high abundance of these components in oolong teas are formed during manufacture. Wang et al. believe that hydrolysis of glycosidically bound volatiles by β-primeverosidase (EC number 3.2.1.149) occurs intensively (K. Wang et al., 2010) although more modern research suggests that this is incorrect and that another process is taking place (Gui et al., 2015). Furthermore, Gui et al. offer the idea that the mechanism of aroma compound formation is not the same in oolong tea and black tea due to the level of cell disruption achieve via their different production methods and therefore altering the availability of key enzymes. As β-primeverosidase is located in the leaf cell wall then this removes the possibility of its action on glycosidically bound volatiles. This process takes place in black tea. In oolong tea the mechanism is thought to be related to turning over of the leaves in the production process which leads to wounding of the leaves, which is not enough to cause cell disruption to a level that β-primeverosidase is available. Turn over may occur up to five times. 
The level of cell damage is clearly documented through the use of transmission electron micrograph of the tea leaf cells during the oolong tea manufacturing process by Gui et al. The turnover process leads to the accumulation of indole, jasmine lactone, and trans-nerolidol (see Fig. 85) which are the characteristic aromas of oolong tea.
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Fig.85. Characteristic aroma molecules of oolong tea (a) indole, (b) jasmine lactone and (c) trans-nerolidol.

 To gain a more comprehensive picture of the phytochemical profile, a variety of analytical techniques are used from HPLC to GC with various detectors such as diode array and MS. NMR is commonly used to add valuable information (Lammerhofer & Weckwerth, 2013). 
Research into the specific health benefits of oolong tea is rare. The bioactive components present in oolong tea are a mixture of those found in green and black tea and therefore research has concentrated very much on these teas. For example, “studies have shown that theasinensin A, a polymer formed by anthocyanidins units from oolong tea, induces apoptosis in tumour cells” (Quiñones, Miguel, & Aleixandre, 2013). This component is present in teas that have gone through the oxidation process and, as stated earlier, is a well documented component of black tea. Further research would be required to pin down whether this apoptotic effect is specific to the theasinensin A molecule or if the chemical matrix of oolong tea is necessary for this effect to be observed. The health benefits of the components present in oolong tea, as a result of partial oxidation, are described earlier in this and previous chapters.
Even though yellow tea and Pu’er tea are not the focus of this particular study, for completeness there follows a brief overview of their phytochemistry and health benefits. 
Yellow tea undergoes slight natural oxidation through the heaping or men huang production process. As a result of this heaping processing, yellow teas contain higher amounts of gallo-catechin, catechin and gallo-catechingallate than green teas. The total amount of catechins decreases during the oxidation process, and EGCG is degraded to gallo-catechingallate resulting in a higher content in yellow tea and subsequently in health benefits similar to that of green tea (Gramza-Michałowska et al., 2016).
Pu’er tea is a post-fermented tea which is formed into cakes and left to ferment naturally over many years culturing micro-organisms from its environment (sheng) or aged over several months in humidity controlled facilities (shou). Leaves may also be intentionally inoculated with selected microorganisms such as Aspergillus sp. The main focus in literature  of the health benefits, with this tea, is not the phytochemistry  but the probiotic qualities that aid digestion and are thought to promote a healthy immune system (L.Gaylard, 2015). Pu’er tea tasting is a social practice of strong cultural significance in China that emphasizes shared sensory experience, wellbeing, and alertness. Research shows that production environment, processing methods, and infusion sequence in tea preparation have a measurable effect on the phytochemical profile, free radical scavenging activity, and flavour of this tea. The processing steps are similar to that of green tea, in which oxidation of phytochemicals is prevented. However, the deactivation of enzymes is not complete for Pu’er tea. Consequently, Pu’er tea undergoes a distinct oxidation process and develops a smooth taste with age. (Ahmed et al., 2010).
Statins are produced during the microbial fermentation process of Pu’er tea. The microorganisms in black Pu’er, oxidize polyphenol compounds more completely than the usual process catalysed by the tea leaf’s intrinsic PPO and create fermentation derived compounds known as statins (Fig.86). Statins are a class of lipid-lowering drugs that decrease the chances of illness and death in those who have an increased risk of cardiovascular disease (Yang, 2004).



Fig.86. Lovastatin. An example of a statin molecule.

This provides an interesting route for future research in to the discovery and production of pharmaceuticals. The high diversity of secondary metabolites raises their interest for drug discovery. Today about one‐third of all drugs on the market are secondary metabolites or compounds derived from secondary metabolite scaffolds (Newman & Cragg, 2016). This figure increases to 49% in terms of cancer treatment. A significant number of these compounds of interest are created via microbial interactions with the host from which they were isolated. An example of a success in this line of drug discovery is the recent approval, by  the US Food and Drug Administration (FDA), of an enriched green tea polyphenol extract (Polyphenon E®) as an ointment for the treatment of genital warts (Tatti et al., 2010). Polyphenon E® has also been tested in a number of trials against various cancers as both a preventive and a direct agent (Newman & Cragg, 2012). Another example is Crofelemer®, which has been approved by the FDA for symptomatic relief in HIV‐infected patients on antiretroviral therapy who have non‐infectious diarrhoea. Crofelemer® is manufactured from a purified polyphenol, an oligomeric proanthocyanidin, from the red latex of the South American tree Croton lechleri or sangre de drago, dragon’s blood (MacArthur, Leonard, & Chordia, 2015). These examples show that polyphenols should continue to be considered as valuable drug candidates despite some general opinion demoting them to non‐selective compounds for treating disease with potential health benefits. The possibilities for the tea industry are evident (Cheynier, 2019). 
In discussions with representatives from the tea industry, it was said that the ability to match some of the characterisation attributes to preferred or more valuable tea types, would allow a clearer understanding of what constitutes and drives segmentation and hence value in the tea product landscape.  Furthermore, the opinion was expressed that once attributes that are associated with liked or disliked tea products are characterised, this enables product development to focus on attributes that are likely to be more commercially valuable  (Personal communication – Dr F. Dehrmann, Dr W. Tosch from J. Finlay). These discussions kindly provided an industry driven focus for this research. A better understanding of the chemistry of tea can provide not only a route to better process control but also facilitate a commercial edge through catering for consumers’ preferences. 
It is generally agreed that the TF content is the best scientific indicator of the quality and value of teas. The higher the TF content, the higher the quality and therefore market value. The accurate and objective determination of optimum oxidation time in the factory becomes of great economic importance (Cloughley, 1979, 1980a, 1980b). TFs are stable in the presence of air and polyphenol oxidase but are rapidly converted to TRs under the action of peroxidase present in tea (Dix, M.A., Fairley, C.J., Millin, D.J. and Swaine, 1981).
Black tea created from tea leaves harvested in the warmer months contain the highest level of theaflavins and, therefore, result in a correspondingly higher quality product. Coarse plucking or mechanical harvesting is used to harvest the more mature leaves known to be of poorer quality. With age, the amount of EGCG and ECG falls sharply and the amount of EGC and EC increase. The ratio of (ECG+EGCG)/EGC is used to measure seasonal variation in the levels of flavonoids in green tea leaves on plantations and provides an analytical evaluation to determine the best time of year to harvest tea leaves. In addition, the activity of PPO may decrease by about 70 % during maturation of tea leaves (Takeo, T. and Baker, 1973). ECG and EGCG are responsible for PPO inhibition, whereas EC and EGC are not (Robertson, 1983). This suggests that a high ratio of simple catechins to catechin-gallates in the leaf will facilitate a high ratio of TFs to TRs in the resultant black tea. On top of this, the levels of TFs in black tea increase quadratically with oxidation time, whilst the rate of production of individual TFs varies between tea plant clones (Owuor, P.O., Orchard, J.E. and McDowell, 1994). Good quality black tea is produced from tea leaves with high polyphenolic and caffeine content, a relatively low protein content, and an adequate amount of PPO (Bhatia, 1968).


The previous paragraph illustrates the complexity of tea production from what appears, on the surface, to be deceptively simple. Add to this the variations caused by location, season, weather, harvesting technique, processing by hand or by machine and storage, to name but a few, and the challenges are clear to see. In the modern consumer-driven market, the need to adapt becomes more and more prevalent in order for companies to stay competitive. Tea, like most products, faces the commercial need to adapt effectively and efficiently to the speed with which consumers change their preferences and consumption patterns (Logan & Gonchar, 2017). Also, to further quote experts from the tea industry, “Any science that aims to promote the broader acceptance and value to tea would benefit the commercial viability of tea plantations.  This in turn would benefit the employees and their families who are largely dependent on single income for financial income. Tea plantations are usually situated in remote rural areas and the ability to have a job and financial security is prized” - (Personal communication – Dr F. Dehrmann). 
Although the variables are huge, it is believed that modern mass spectrometric techniques can be employed to help solve these issues alongside established methods. The use of HRAM MS in discovery mode can help to unravel the complexities of this natural product. The choice of inlet will offer access to different components. UHPLC can show the polyphenolic contents of the various teas provided as in previous chapters. Other categories of chemicals could be sought by comparison to different databases e.g. free amino acids. Gas chromatography (GC) could be used in order to show the volatile odour and flavour components (Han et al., 2016). The focus of the research here was based on UHPLC for chromatographic separation. The discovery mode data acquired provided a complex array of ions although the primary focus here will be on polyphenolics. This complex data was processed using Progenesis QI to establish sample ions of interest. Their annotation was achieved by querying and comparison to the ChemSpider Phenol-Explorer database (Agronomique, 2019) based on accurate mass and in silico fragmentation.
Through the use of a type of Multivariate analysis (MVA) known as Principal component analysis (PCA) the key discriminants between different tea types can be revealed (K. Wang et al., 2010; K. Wang & Ruan, 2009). This provides a useful methodology to distinguish the origin, quality and category of teas (Borse et al., 2002; Obuchowicz, Engelhardt, & Donnelly, 2011; Shevchuk, Jayasinghe, & Kuhnert, 2018; Togari, Kobayashi, & Aishima, 1995). It is also common to refer to this approach as metabolomic fingerprinting or profiling. The purpose of MVA is to measure, explain and predict the relationships amongst many variates; these are the weighted combinations of variables (Hair, 2014). The variables are specified by the researcher, whereas the weights are determined by the multivariate technique. The result is a single value representing a combination of the entire set of variables. Principal components are the groups of features in the data that contribute the most to distinguish one sample from the other. PCA is a technique for reducing the amount of data when a correlation is actually present (Campbell & Atchley, 1981). Principal components are chosen so that the first principal component accounts for most of the variation in the dataset, the second principal component accounts for the next largest variation and so on. The upshot of this is that, when significant correlation occurs, the number of useful principal components is much less than the number of original variables. The principal components created are orthogonal to each other (Miller & Miller, 2010). In discriminant analysis, the variate is formed so as to create scores for each observation that maximise differences between groups of observations (Hair, 2014; Miller & Miller, 2010; Umetrics, 2016). This will be explored in more detail later on in this chapter, when OPLS-DA is applied to the dataset.
Provenance is another very important aspect to the tea industry and the consumer. It is important to avoid food fraud. In the words of Prof. David Burslem, of the School of Biological Sciences at Aberdeen University, Scotland, “although DNA testing gives very precise information on a plant’s genotype (i.e. variety or clone), if that variety is grown in multiple locations then it says nothing about geographical origin. For example, a Georgian tea variety grown in Georgia and Scotland will come out as identical using this method….” (Logan & Gonchar, 2017). This is the case across the tea industry. The approach provided in this manuscript provides a route for improving the confidence in the authenticity of teas as metabolites are more proximal to a phenotype than the proteome or genome (Worley & Powers, 2015). This in turn adds value and provides assistance for marketing. As stated by another tea industry expert, Tony Gebely, “Provenance is typically concealed for tea. And one doesn’t have to look far to discover that there are many companies selling teas made by the same producer under different names, or different prices. And no doubt some even falsifying place of origin” and also “Tea, like most products, faces the commercial need to adapt effectively and efficiently to the speed with which consumers change their preferences and consumption patterns”- (Logan & Gonchar, 2017). The use of modern research techniques provides a mechanism to help answer these consumer demands and increase credence in the tea’s origin and history with greater depth than previous publications due to the use of HRAM mass spectrometry  (K. Wang & Ruan, 2009; Worley & Powers, 2015; Yi et al., 2015).
To wrap up the introduction to this chapter, the answer to a question put to tea industry expert, Dr F. Dehrmann, is felt to summarise a further need for this research. It was asked whether detailed characterisation will help to focus improvements in production environment and processing methods. The reply provided reveals the responsible thinking toward environmental benefits too. This industry driven focus, provides relevance and direction for this study. This insight is much appreciated.

“Detailed molecular characterisation does offer the opportunity to review and revisit the production process to ensure that the maximum benefit of the tea plant is extracted.  If a certain compound is identified in one stage of the process, and it is noted to disappear after that stage, it becomes possible to change the process to ensure the compound is retained or harvested at an appropriate step.  This could benefit the maximising of extraction potential in a more responsible and less wasteful way.”  - (Dr F. Dehrmann, personal communication).


3.2 Methods
In previous chapters, the Vanquish UHPLC, linked to a Q Exactive Plus mass spectrometer (Thermo Scientific Ltd, Waltham, Massachusetts), was used for external standard targeted analysis. In this chapter, the mode of operation used for the Q Exactive Plus mass spectrometer is Full MS/dd-MS2 (Top N) although the UHPLC method used is very similar to the previously described methods. This MS mode enables the acquisition of detailed discovery data, which is required for a more comprehensive characterisation of the tea samples supplied. 
A Waters Cortecs UPLC Shield RP18 (2.7μ x 2.1mm x 100mm) superficially porous column was the analytical column used for the UHPLC method. A Waters Vanguard guard column system, with the same stationary phase, was used to protect the analytical column. The UHPLC method was extended to 8 minutes in order to more opportunity for analyte separation over the course of the gradient. This allowed scan times to be fast enough to acquire enough data points across emerging peaks. Fisher Scientific OptimaTM grade MS solvents and modifiers were used. The UHPLC method is outlined below in Tab.33 and illustrated in the graphic Fig.87.


	Mobile phase: 70%A:30%B. A=Water + 0.1% Acetic Acid, B=MeOH + 0.1% Acetic Acid

	Flow: 0.55 ml/min

	Column Oven: 40°C

	Injection volume: 1μl           

	Gradient: 70:30 initially to 1:99 over 6 min., hold for 0.9min and back to 70:30 over 0.1 min.

	Hold at this combination for 1.0 min to equilibrate prior to the next injection.



Tab. 33. UHPLC conditions for tea extract analysis. 
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Fig.87 A graphical representation of the UHPLC mobile phase gradient for tea extract analysis.

When using Full MS/dd-MS2 (Top N), the initial scan event is a full MS scan, without fragmentation, called a survey scan. This is followed by a data dependant MS-MS (dd-MS2) scan in which the selected collision energies are applied in the HCD (Higher-energy C-trap dissociation). Only ions that achieve a pre-set abundance threshold are added to the inclusion list and are passed on from the first to the second scan event. The number of ions that can be included is referred to as Top N and was set at 5 in this method. HCD refers to a type of collision induced dissociation which uses a higher RF voltage to keep fragment ions in the C-trap. The HCD cell is used to fragment ions, which are then accelerated into, cooled down and stored inside of the C-trap. Ions are injected into the Orbitrap and separated based on differences in their rotational frequencies. See Fig.17 in chapter 1 for a schematic. Ions that have been added to the inclusion list, once passed to the second scan event, are then added to an exclusion list for a user-selected period of time. This process helps to avoid the repeated detection of the same analyte peak. As can be seen below in Fig.88 the exclusion time has been set at 10 seconds for this experiment.
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	Fig.88 Properties of Full MS / dd-MS2 (Top N) used for tea extract analysis.  

Fig.88 also shows the full details chosen for this data acquisition. It is important to set parameters in a pragmatic way in order to produce high quality data. For example, the Q Exactive Plus is capable of a resolution of 280,000. A full scan resolution of 35,000 was selected in order to achieve enough data points across the eluting peaks. At 280,000 this would not be possible, leading to poor quality data with missed peaks and a large disparity of abundances across replicates which would subsequently present a challenge when processing the data produced. 
	Nine tea samples were supplied by J.Finlay Ltd. These were from a range of origins and were of different types too. These are listed by origin, grade/type and date of manufacture in the table below (Tab. 34). Numbers were assigned to individual samples for the purpose of administration.
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Tab. 34. This table shows the details of the samples received from J.Finlay Ltd.

Samples were prepared in accordance with the following method. 1g of tea sample as supplied was weighed into a glass vial with a screw cap. 20ml of solvent with the same composition as the initial mobile phase (70%A:30%B, A=Water + 0.1% Acetic Acid, B=MeOH + 0.1% Acetic Acid) was then added using a grade B glass pipette. This sample was sonicated for 30min. with intermittent shaking and then allowed to settle. 1ml of extract was then pipetted into a new vial and 9ml of 70:30 Water 0.1% Acetic Acid: Methanol 0.1% Acetic Acid was added. This was shaken thoroughly. Extracts were filtered through a 0.2μm PTFE filter whilst being transferred to a 2ml glass autosampler vial.
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Fig.89 Tea samples during preparation before sonication.
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Fig.90 Tea samples after sonication showing a considerable increase in depth of colour.

Each diluted sample extract was analysed by the described analytical method with 4 technical replicates of each. Blank extracts were acquired between the batches of 4 injections per sample. This was done to ensure that no carry-over was present and to provide blank background data. Additionally, pooled samples were acquired. The pooled sample was a composite of the 9 tea extracts. This creates a sample with all the components of the 9 teas and the mobile phase and serves as a good alignment reference when processing in Progenesis QI. Well aligned data is essential for the identification processes and subsequently for good quality multivariate analysis (MVA). 
The acquired data was transferred to an informatics workstation and imported into Progenesis QI. Data was then aligned and grouped into the 9 tea types. Peaks were picked revealing over 5,500 compound ions, which were then used for identification in Progenesis QI, querying the ChemSpider Phenol Explorer database (Agronomique, 2019), and then on to further processing using EZ Info (Umetrics, Malmö, Sweden) to carry out MVA interpretation of the data. In order to select the best quality data for ongoing processing, only those ions with very low ANOVA (p) and q values were selected. Compounds with low abundance (<100,000) were filtered out using software tags. On top of this, metrics such as Hotelling’s T2, Q2 and R2 were used to keep an eye on the quality of the data interpretation.
The data was assessed in three stages, building from a simple overview to a more complex metabolic fingerprint able to reveal discriminants that can be used as potential biomarkers. For clarity these will be referred to as stage 1, stage 2 and stage 3 from hereon in.
 Firstly, only the top 7 most abundant polyphenol identifications were used to compare the differences across the 9 teas using simple graphical representations created in Progenesis QI (Stage 1). The identifications were manually checked for confirmation. This began by searching for ions with the correct accurate mass and then involved looking at the MS spectra to compare with published material in order to explain the major fragments (See Figs.92 to 98). The 7 most abundant polyphenols were EC, EGC, ECG, Rutin, EGCG, TF and Procy B2. It is known from literature that these are indeed the major components expected to be present in teas (Da Silva Pinto, 2013; Drynan et al., 2010). Secondly, the data relating to these top 7 identifications was processed using MVA in EZ Info to illustrate the comparative differences between these teas (Stage 2). The third and final interpretation of this data involved the inclusion of the top 100 most abundant compound ions with very low ANOVA (p) and q values. No attempt to identify them was made. Also included were the rest of the TF family (see Tab.32) as well as the TS group of compounds (Stage 3). Fig.91 shows the software filtering tags that were applied in the stage 3 analysis. The TFs and the TSs are the products of oxidation; their addition rationalised in an attempt to improve the illustrations of the differences between samples. As isobaric theaflavin mono-gallates could not be differentiated by this method they are referred to as TF gallate (see Fig. A3-109). The theasinensins were manually identified as A, B and C through literature searches and inspection of the MS spectra (see Fig.115 and Appendix Fig. A3-110 to A3-111) although it is a possibility that isobaric atropisomers may exist due to steric hindrance.
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Fig.91 Tea extract data filtering - tags applied to filter data in stage 3.
 Potential new biomarkers were identified through the use of S-plots using an Orthogonal Projections to latent structures – discriminant analysis (OPLS-DA) model (Trygg & Wold, 2002). The aim was to show identified and unidentified ions that provided insight into the sample differences.
The initial overview of data in stage 2 and stage 3 of data processing was carried out using the MVA technique known as principal components analysis (PCA). Principal components are groups of features in the data that contribute the most to explaining the differences between samples (Wold, Esbensen, & Geladi, 1987). 36 observations with 1152 variables were included. Pareto scaling was used as the variables had different units. Pareto scaling gives each variable a variance numerically equal to its initial standard deviation instead of having a unit variance. Pareto scaling has become the default choice in many omics applications (Hair, 2014) and is commonly used to reduce the influence of intense peaks whilst emphasising weaker peaks that may have more biological relevance (Worley & Powers, 2015). 
The drill down interpretation (stage 2 and stage 3) was achieved by using an OPLS-DA model, which is useful for determining why two groups differ. This helps to answer the question “Which variables are driving the separation between the two groups?” (Eriksson, 2017) by showing which components have the largest discriminatory power. As opposed to PCA, which is an unsupervised modelling technique (no prior knowledge of the data grouping is available), OPLS-DA is a supervised technique i.e. a model is created that best approximates the relationships between inputs and outputs that are observable in the data (Hair, 2014). EZ Info provides these mathematical models but it is felt to be important for the user to have an understanding of the underlying process.


3.3 Results

This results section will show the output of the three stages of data interpretation described in the methods section. Only the most relevant data will be shown here although the full data will be available in the appendices for reference if required.
The initial sequence of images shows the mass spectra for the top 7 identified polyphenolic compounds (stage 1) and an illustration of the main matched fragments.
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Fig.92 Mass spectrum for (-)-Epicatechin showing the matched fragments in red.
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Fig.93 Mass spectrum for (-)-Epigallocatechin showing the matched fragments in red.



[image: ]
Fig.94 Mass spectrum for Rutin showing the matched fragments in red.



[image: ]Fig.95 Mass spectrum for (+)-Procyanidin B2 showing the matched fragments in red.




[image: ]Fig.96 Mass spectrum for Theaflavin showing the matched fragments in red.


.
[image: ]Fig.97 Mass spectrum for (-)-Epicatechin-3-O-gallate showing the matched fragments in red.




[image: ]Fig.98 Mass spectrum for (-)-Epigallocatechin gallate showing the matched fragments in red.




The following graphic shows the output table of Progenesis QI after filtering and compound identification (stage 1). Retention times, accurate m/z values, Anova (p), q Values and abundance are shown amongst others. 

[image: ]
Tab.35 Table of qualitative results created in Progenesis QI after manually inspecting spectra and accepting identifications (stage 1).
The adduct abundance graph below shows that the prominent adducts present were [M-H]- and [2M-H]-.

[image: ]
Fig.99 Adduct abundance graph with legend. 

Power is defined as the probability of finding a real difference, if it really exists. 0.8 is considered to be an acceptable value for power (Hair, 2014). The power analysis graph shows that enough replicates were acquired in order to analyse statistically significant differences. 2 replicates or more was shown to be acceptable. 4 replicates were in fact acquired.

[image: ]Fig.100 Power analysis graph.


Moving on from this, the graphic below (Fig.101) shows the abundance profiles of the 9 teas analysed and the relative amounts of the 7 compounds present. This shows, for example, that Chomogonday White is high in EGCG and low in TF, whereas ‘Extracts 652’ shows the complete opposite profile. This is to be expected and will be considered in more detail in the discussion of this chapter.


[image: ]Fig.101 Abundance profiles labelled with compound identifications (stage 1).
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Tab. 36 Colour key to clusters in the abundance profiles shown in Fig.101. This shows very low ANOVA(p) and q values and also power values that approach 1. Blue = EGCG, ECG, Procy B2, EGC and EC. Green = TF. Gold = Rutin.




The following graphic (Fig.102) shows the abundance profile specific to theaflavin. This focus was chosen to illustrate the strong differences of this analyte across different teas, highlighting its value in determining level of oxidation and hence quality control during the production process.

[image: ]Fig.102 Theaflavin abundance profile across the 9 teas analysed in this study.




Below is a dendrogram of the 7 components which are the focus of the stage 1 processing (Fig.103). This is a visual representation of the correlation between components showing the relationships between EC, EGC, ECG,EGCG and Procy B2 from one leaf node (blue) to the separate clustering of theaflavin (gold) and Rutin (green). The greater the correlation, the shorter the distance i.e. D= 1-C.

[image: ]

Fig.103 Dendrogram showing the stages of clustering for the top 7 components focused on in this section. Colour key to nodes shown in Tab.36.

Following on from this simplified overview of the relationships of key tea components to their respective tea samples, the stage 2 data processing results will show a more detailed view of this fingerprint by the use of PCA to highlight which analytes best show the differences between these teas. A range of the most relevant plots are displayed here. A complete set of plots for all significant analytes are available in the appendices of this manuscript. 
The model created for this stage 2 data was shown to explain 89% of the variance in the reported output from EZInfo. Pareto scaling was used with no data transformations. Data transformations are used to remedy non-normality which can detract from its use in MVA. No missing values were observed. The plot below is a 2D scores plot of the 9 teas based on the top 7 components only. The Hotelling’s T2 ellipse was set at 95% and the majority of samples were shown to fall within this region of confidence (Fig.104). This is the MVA equivalent of the Student’s t-test and is used as a quality control metric (King & Eckersley, 2019). Tight clustering was observed amongst the same tea type and differences, represented by distance, were evident between tea types. Following on from this is a 3D scores plot (Fig.105), in which the first three principal components are plotted on the x, y and z axes.


[image: ]Fig.104 2D Scores plot of the 7 top identifications in all 9 teas studied including a colour coded legend.





[image: ]

Fig.105 3D Scores plot of the 7 top identifications in all 9 teas studied including a colour coded legend.


Building on this, the next plot is a Loadings Bi-Plot of the same dataset (Fig. 106). It is a plot of the score values of the observations and the weights of the variables. This shows the correlation between variables and indicates which variables are responsible for the observations. In other words, the teas can be visualised in terms of their proximity to the analytes.


[image: ]Fig.106 Loadings Bi-plot of the 7 top identifications in all 9 teas studied including a colour coded legend.




In order to assess the quality of the data, it is advised to monitor R2 and Q2 values (Umetrics, 2016). A low R2 indicates a large amount of noise or irrelevant information in the data. R2 and Q2 are both highly application dependent. A residual is the difference between the predictive model and the original data. This represents the unexplained variation and is used as the basis for the calculation of R2 (Hair, 2014). Q2 is an estimate of the predictive ability of the model being used. It is a cross-validation calculation built into EZ Info where the data is divided into parts (7 by default), then each 1/7th is removed in turn and then a model is based on the 6/7th of the data left in. The portion of data that was excluded is then predicted from the new model. The predicted data is then compared with the original data and the sum of squared errors are subsequently calculated for the whole dataset. The following Goodness of Fit plot (Fig. 107) shows the R2 and Q2 values relating to this section of data interpretation (stage 2).

[image: ]Fig.107 Goodness of fit plot showing the first 2 principal components.




At this stage a new model was created in EZ Info using OPLS-DA. S-Plots were created for every combination of the 9 teas. This led to the creation of 36 (81-9/2) S-Plots, some examples of which will follow and the remainder will be available in the appendices. The S-Plots revealed the differences between the compared samples and the responsible discriminant phytochemicals. These were collated in a chart to summarize the findings. Following on from this, plots of Coefficients, Variable Trends and of Variable Importance (VIP) were created.
Examples of S-Plots follow over the coming pages. Initially these show the success of this technique where analytes can be established that describe separation between the tea extracts (Fig.108 and Fig.109). This is followed by the less conclusive S-plots using stage 2 data, in which the display of discriminants is not possible (Fig.110 and Fig.111).  It was felt that this showed the need to introduce additional data. This led to the upgraded approach shown in stage 3 data processing.


[image: ]Fig.108 S-Plot of Chomogonday White v Extracts 652 with analytes labelled in green.




[image: ]Fig.109 S-Plot of Chomogonday White v Purple CTC with analytes labelled in green



[image: ]Fig.110 S-Plot of Tiluet HP v Tiluet MTH with analytes labelled in green



[image: ]Fig.111 S-Plot Extracts 652 v Tiluet MTH with analytes labelled in green.
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Tab.37 Table comparing the key features which discriminate between the 9 types of tea based on 7 components acquired in negative mode (stage 2 interpretation). 


[image: ]Fig.112 Coefficients plot of Chomogonday White and Extract 652. This plot illustrates the discriminants and their influence. 




[image: ]Fig.113 Variable trends plot of Chomogonday White compared to Extracts 652 after S-plot. Showing EC, EGC, EGCG, ECG and Procyanidin B2. 




The following VIP plot shows, from the most to the least influential, the relative influence that the X-variables have on the combined responses.


[image: ]Fig.114 A variable importance plot (VIP) of Newburgh Hyson and Milima GFBOP1.




Focusing on only 7 components successfully discriminated most of the teas but was lacking in a few situations (stage 2). In order to build on the positive outcomes of the previous approach and to also reduce the negative aspects, it was decided to widen the scope by including more data into this metabolomic fingerprinting workflow (stage 3). It was felt that this would increase the possibility to explain the differences between the 9 teas. This data set included the top 7 identifications referred to in the previous round of data processing plus the top 100 most abundant ions. A strict ANOVA p-value of =< 0.0001 was chosen as a filter. Additionally,  manual identification of 3 TFs and also 3 TSs was undertaken and added to the dataset to be exported to EZ Info (see Fig.91 for tags used as filters). The addition of the TFs and TSs would aid in providing more discriminants as these are an indication of the degree of oxidation of the tea during processing. 
The next series of images show selected spectra from the manual identification of additional compounds plus selected graphs to illustrate the improved output observed with this round of MVA using EZ Info. All other spectra and graphs not shown here are available in the appendices.
Fig.115 shows an MS spectrum of Theasinensin A at a retention time of 1.03min and 456.0679 m/z. 169.0142 m/z is explained by the loss of a gallate unit and 125.0244 by subsequent loss of CO2 from gallate (Menet et al., 2004). 457.0778 m/z is explained by the cleavage of the parent ion with a double negative charge (456.0670 m/z in red).


[image: ]Fig.115 MS spectrum of Theasinensin A




Following on from this is an MS spectrum of Theaflavin-3,3’- digallate at a retention time of 3.37min and 867.1423 m/z (Fig.116). 169.0142 m/z and 125.0244 m/z are also explained by the loss of a gallate unit and then a further loss of CO2. m/z 389.0665, 407.0794, 527.0969, 545.1096, 697.1204 and 715.1359 are all explained by published mechanisms (M. K. Lee et al., 2019).
[image: ]Fig.116 MS spectrum of Theaflavin-3,3- digallate



The improved model was able to explain 97% of the variance. Pareto scaling was used once again and no transformations. No missing values were observed. The plot below is a 2D scores plot of the 9 teas based on the top 7 compounds plus the top 100 most abundant ions and the TFs and TSs . The Hotelling’s T2 ellipse was set at 95%. Tight clustering was once again observed amongst the same tea type and differences were evident between tea types. Following on from this is a 3D scores plot, in which the first three principal components are plotted on the x, y and z axes.



[image: ]Fig.117 2D scores plot of 9 teas using the extended data which includes the addition of the top 100 most abundant ions and the TFs and TSs. Tea types are referred to by a colour coded legend.




[image: ]
Fig.118 3D Scores plot of the 9 teas using the extended data which includes the addition of the top 100 most abundant ions and the TFs and TSs including a colour coded legend.


Once again, to build on this, the next plot is a Loadings Bi-Plot of the same data. It is a plot of the score values of the observations and the weights of the variables, so that the teas can be visualised in terms of their proximity to the analytes.


[image: ]Fig.119 Loadings Bi-plot of the 9 teas using the extended data which includes the addition of the top 100 most abundant ions and the TFs and TSs including a colour coded legend.





The following Goodness of Fit plot serves as a quality control check as to how well the predictive model is performing. R2 and Q2 values are provided on the y-axis for the first 8 principal components.
[image: ]
Fig.120 Goodness of fit plot of the 9 teas using the extended data which includes the addition of the top 100 most abundant ions and the TFs and TSs including a colour coded legend for R2 and Q2.

At this stage a new model was created in EZ Info using OPLS-DA. S-Plots were created for some of the more important combinations of the 9 teas in order to show the improvement in predictive ability of the new model based on the stage 3 data over the previous model (stage 2) and to also reveal new biomarkers. The following S-plot (Fig.121) shows a large increase in data points compared to Fig.108 and how the added components facilitate the discrimination between the 2 tea types. Also, yet to be identified potential biomarkers are evident at the extremes of the plot i.e. the top right (Chomogonday White) and lower left (Extracts 652). These features will be illustrated in more detail focusing on 3 separate ions, highlighted by a red square, and variable trend plots to show their relevance.


[image: ]Fig.121 S-Plot of Extracts 652 v Chomogonday White with analytes labelled in green.




[image: ]Fig.122 S-Plot highlighting 210.0740 m/z (red square) for Extracts 652 v Chomogonday White including a variable trend plot.



[image: C:\Users\chsa10\Documents\James Finlay Ltd\NEW 150819\Part 3\EZ Info data\S-Plot and VT 0.48_192.0269n with top100 with top7 TFs and TSs Extracts 652 v CW.png]Fig.123 S-Plot highlighting 192.0269 m/z (red square) for Extracts 652 v Chomogonday White including a variable trend plot.



[image: ]Fig.124 S-Plot highlighting 344.0744 m/z for Extracts 652 v Chomogonday White including a variable trend plot.




[image: C:\Users\chsa10\Documents\James Finlay Ltd\NEW 150819\Part 3\Progenesis QI data\Theogallin spectra 0.48 min 344.0744n with loss of galloyl.png]
Fig.125 Mass spectrum of 344.0744 m/z, tentatively identified as Theogallin showing the [M-H]- ion at 343.0669 m/z and the loss of the galloyl moiety resulting 191.0561 m/z.



		 

Fig.126 Molecular structure of Theogallin


[image: ]Fig.127 S-Plot highlighting 344.0744 m/z for Kijani DM v Purple CTC including a variable trend plot.



Further similar graphics of other potential biomarkers are available in Appendix III.
Fig.128 shows an example of two teas, Kijani DM and Purple CTC, that have little distance between them on the scores plot (Fig.117) but are easily distinguished on the S-plot below due to the addition of the extra identified compounds i.e. TFs and TSs.
[image: ]Fig.128 S-Plot of Kijani DM v Purple CTC with analytes labelled in green.



Following on from this are further illustrations of samples that were difficult to discriminate between prior to the addition of extra ions and identifications to the dataset (See Tab.37). It can be seen below that Tiluet HP and Extract 652 show clear discriminants. Fig. 130 shows an S-plot displaying the many other available discriminants.
[image: ]Fig.129 S-Plot of Tiluet HP v Extracts 652 with analytes labelled in green.



[image: ]Fig.130 S-Plot of Tiluet HP v Extracts 652 showing all the ions and their potential to describe the differences between these two tea samples



A similar illustration of the improved discrimination is available in the next two plots between Tiluet MTH and Extracts 652. This is made possible by the addition of the top 100 most abundant ions and the TFs and TSs data.
[image: ]Fig.131 S-Plot of Tiluet MTH v Extracts 652 with analytes labelled in green



[image: ]Fig.132 S-Plot of Tiluet MTH v Extracts 652 showing all the ions and their potential to describe the differences between these two tea samples.



The biggest challenge was posed by discriminating between Tiluet HP and Tiluet MTH, which are grown on the same plantation but harvested in a different manner. The following 3 plots illustrates how the inclusion of the additional compounds, in stage 3, allows their differences to be shown.
[image: ]Fig.133 S-Plot of Tiluet HP v Tiluet MTH with analytes labelled in green showing clear distinction.

[image: ]Fig.134 S-Plot of Tiluet HP v Tiluet MTH showing all the ions and their potential to describe the differences between these two tea samples. The blue highlighted region will be shown in the next image.



[image: ]Fig.135 Enlargement of highlighted region from previous S-Plot (Fig.134) of Tiluet HP v Tiluet MTH. This shows potential new biomarkers specific to Tiluet HP.



The three following plots display variable trends to illustrate their potential for selectivity between teas. Chomogonday White and Extracts 652 were chosen as an example pairing
[image: C:\Users\chsa10\Documents\James Finlay Ltd\NEW 150819\Part 3\EZ Info data\Variable trends CW compared to Extracts 652 Showing EC, EGC, EGCG, ECG and Procyanidin B2 only after S-plot.png]Fig.136 Variable trend plot showing EGCG, ECG, EGC, EC and Procyanidin B2 with abundance on the y-axis and Chomogonday White and Extracts 652 on the x-axis.




[image: ]Fig.137 Variable trend plot showing TF digallate, TF and TF monogallate with abundance on the y-axis and Chomogonday White and Extracts 652 on the x-axis.



[image: C:\Users\chsa10\Documents\James Finlay Ltd\NEW 150819\Part 3\EZ Info data\Variable trends CW compared to Extracts 652 TSs only after S-plot.png]Fig.138 Variable trend plot showing TS B, TS C and TS A with abundance on the y-axis and Chomogonday White and Extracts 652 on the x-axis.



In order to finally conclude this result section, one mass spectrum and one abundance profile is taken from data acquired in positive mode. Anthocyanidins and anthocyanins form distinctive positive ions. These are the additional class of phytochemicals that have been introduced to the purple tea cultivar. The positively charged Cyanidin ion (Fig.84) has a monoisotopic mass of 287.055023m/z (ChemSpider). The mass spectrum below (Fig.139) shows a parent ion of 287.0554m/z which a mass error of 1.3ppm. Also 245.0446m/z is observed which is a major fragment often seen in polyphenol analysis (see page 16) (Pandey et al., 2014).

[image: C:\Users\chsa10\Documents\James Finlay Ltd\NEW 150819\POSITIVE\POS Anthocyanidins\Cyanidin Spectrum.png]
Fig.139 Mass spectrum of the positive cyanidin ion.


[image: ]

Fig.140 Abundance profile of the positively charged cyanidin ion across the 9 tea samples. This red pigment (Food-Info.net, 2019) cannot be seen in negative mode. It is shown here to be prevalent in Purple tea. 


3.4 Discussion
The discussion of this chapter’s research will again begin by reiterating the research question: can value be added to the tea industry through characterisation using modern mass spectrometry based analysis? The term ‘value’ will be applied broadly and will include improvements in terms of production, better quality control, streamlined marketing and product design, in order to satisfy ever-changing consumer trends and facilitate a commercial edge through catering for consumers’ preferences.
From the initial basic overview (stage 1), provided by analysing the data in Progenesis QI (Fig.101), to the MVA approach applied in this metabolomic fingerprinting study, the modicum of success that can be achieved, even with a small focused dataset, is illustrated. The data listed in Tab.37 demonstrates how the use of only 7 relevant tea polyphenolic molecules can provide a route to distinguish between these 9 teas, highlighting significant differences between them. The differences between teas that have been allowed to oxidise as part of their processing and those that have not, is clear to see. The TF abundance plot in Fig.102 demonstrates this and identifies TF as a key biomarker for monitoring of tea oxidation. Extracts 652, Tiluet HP, Milima GFBOP1 and Tiluet MTH were all shown to have undergone significant oxidation, fitting in with the fact that these are all black teas. Also in Fig.113, the variable trends plot of Chomogonday White compared to Extracts 652, shows EC, EGC, EGCG, ECG and Procyanidin B2 as key biomarkers for a tea which has not been oxidised. This can also be illustrated for other teas in the many variable trends plots, VIP plots and S-plots found in appendix III. Fig. A3-121 illustrates this well, showing not only higher EGCG in teas that have not undergone oxidation but also depletion of EGCG in the oxidised teas. Waldemar Oolong expectedly is positioned in between, reflecting its partial oxidation status. In Tab.37, Chomogonday White, Newburgh Hyson, Purple CTC and Kijani all show EGCG as their main discriminants with EGC, ECG and EC also available as discriminants. These are either white, green or purple tea types fitting in well with expectations based on their manufacturing and hence adding credibility to the method used. Waldemar Oolong will be discussed in more detail later on.  The approach, summarised in Tab.37 (stage 2), fails in a few situations e.g. Tiluet HP and Extracts 652, which led to the introduction of additional data in the subsequent round of data processing (stage 3). As mentioned in the introduction to this chapter, even though this analytical approach is not quantitative, the ratios of components e.g. (ECG+EGCG)/EGC can be used to provide an analytical evaluation of the product and also to serve as a guide to the best harvesting time (Takeo, T. and Baker, 1973). This particular ratio is commonly used in the tea industry as a measure of quality but the data presented here provides a way forward to select new component ratios that can be applied to help monitor other specific manufacturing challenges.
MVA provides a useful methodology to distinguish the origin, quality and category of teas (K. Wang et al., 2010; Yi et al., 2015). Wang et al. have even used selected components to derive a mathematical relationship to be used for quality assessment. This is also suggested as a potential future direction for research here. It is apparent that even though stage 1 and 2 data processing provided a good starting point, an enhancement was required to further expand the value of this chemometrics workflow. Once the data includes the top 100 most abundant ions and the TFs and TSs, it is clear how stage 3 greatly improves the ability of the model to discriminate between the teas. This opens a route to access information, through comparison of normalised abundance and pairing comparison with S-plots, which could be vital to assess the quality and health benefits of tea as a functional food. TS is a prime example of this in the production of oolong and black tea, where its presence seems to be pivotal to its bioactivity (Weerawatanakorn et al., 2015).  
An interesting observation concerns TFs and TSs in Waldemar Oolong tea. Oolong teas are partially oxidised, and although TFs can be used as a good marker for oxidation they are conspicuous in their absence from the Waldemar Oolong sample (Fig.102). There are different pathways known for the formation of TFs and TSs and there is more research required in this area. Once fresh tea leaves are crushed and kneaded, TFs are formed in the leaves, yet at this stage TSs are not formed. TS formation is only observed once leaves are heated to 80°C (Weerawatanakorn et al., 2015). Even though comparative information on TS isoforms in oolong and black tea is scarce, it can be seen from the 3 abundance profiles provided (Figs. A3-118 to A3-120) that the dominant TS in Waldemar Oolong is Theasinensin C. This is a dimer of EGC connected via an R-biphenyl configuration. It is also observed that Milima GFBOP1 has relatively high amounts of TSs A, B and C. Theasinensin A (Fig.80) is the R-biphenyl configuration dimer of two EGCG and theasinensin B is the R-biphenyl configuration dimer of EGCG (Fig.15) and EGC (Fig.1). This is thought to be associated with the particular subtleties of processing and of course the phytochemical availability in the initial tea leaves. It is also felt to be a necessary direction for future research due to the ever increasing interest in the health benefits of this class of compounds (Weerawatanakorn et al., 2015).
[bookmark: _GoBack]  An example of a testing challenge to this workflow is Tiluet HP and Tiluet MTH, which are grown on the same plantation in Kenya, yet harvested differently; Tiluet HP is hand plucked whereas Tiluet MTH is machine harvested. Fig.135 shows a selection of potential new biomarkers which can be used to discriminate between these two teas of the same origin. The identification and inclusion of three TSs and two more TFs (stage 3), the mono and digallate, is shown in Fig.133 to illustrate the phytochemical differences created by a change in harvesting technique.  In another example, the scores plot and loadings bi-plot (Fig.117 & Fig.119) show little to separate Kijani DM and Purple CTC but when their data is subjected to OPLS-DA, there are a host of discriminants highlighted in the S-plot (Fig.128) - EGC and EGCG for Kijani DM and ECG for Purple CTC. In addition to this, even though positive mode was not the focus of this study, it seemed prudent to collect this data too, since important components like the anthocyanidins can only be observed in positive mode. Anthocyanidins are the pigments responsible for the colour of purple tea (Rashid et al., 2013). The abundance profile of cyanidin (Fig.140), shows that this is indeed a good candidate as a discriminant for this cultivar. 
The addition of the 100 most abundant ions with ANOVA p-value of =< 0.0001 not only provided extra discriminants but also paved the way to discovering new biomarkers (stage 3). In Figs. 122, 123 and 124 it can be seen that 3 biomarkers are highlighted here (red square) in their S-plots and also variable trends plots are provided to illustrate the degree of their association with a particular tea type. 210.0740m/z and 192.0269m/z remain unidentified. 344.0744Da was tentatively identified as Theogallin, with Fig.125 showing the mass spectrum of the  [M-H]- ion at 343.0669m/z. Theogallin has been shown to increase significantly in tea plants grown in 75 to 90% shade (Matsunaga, Sano, Hirono, & Horie, 2016). Although discovered in 1954 (Roberts, 1954) little research has been undertaken until recent progress has been made with respect to its ability, in conjunction with L-theanine, to profoundly affect the electrical activity of the hippocampus. This is thought to represent an enhancement of spacial and time dependent memory plus is a key part in the learning process (Dimpfel, Kler, Kriesl, & Lehnfeld, 2007). This powerful component is present in high abundance in Purple CTC and Milima GFBOP1 and very high abundance in Chomogonday White. Theogallin is present at a much lower concentration in oolong and black teas, showing larger amounts in teas that have been manufactured in a way to actively prevent oxidation e.g. white, purple and green teas. See Fig.141 below.
[image: ]
Fig. 141. Abundance profile of Theogallin across the 9 tea samples supplied.
This also highlights the view that increasing the depth of data can potentially improve the effectiveness of a predictive model and its ability to determine origin, tea type and production technique i.e. to expand from the differentiation of 9 teas from the same company to a more global view. 
A further example of this, relating to origin this time, is that of Kijani DM (Kenya) and Newburgh Hyson (Sri Lanka). These are both green teas and both produced by the CTC method, but grown in different countries. Although many discriminants exist between these two teas, it can be seen from the S-plots and variable trends plots, that 210.0740m/z, 192.0269m/z and 343.0669m/z are also useful in distinguishing these teas. The Sri Lankan tea has more Theogallin (see Fig. A3-116). Further information on growth conditions and subsequent research would be required to pin point exactly what the regional specific differences are. The S-plots, as they are, show reasonable success in distinguishing between these two samples (see Fig. A3-114, A3-115 and A3-116 in the appendices) plus Fig. A3-117 suggests many more possible ions that could aid in determination of origin. 
A plethora of factors influence the chemical compositions of tea, such as geographical origin, cultivar, climate, cultural practices, soil, harvesting season, position, daylight exposure, rainfall, temperature and manufacturing processes. This is similar to the way that growing conditions and grape variety affect wine quality. The relationships between these factors and phytochemical content are not well understood (J. E. Lee et al., 2015). Through the use of used 1H NMR, strong correlation was found between environmental factors and the metabolome of green, white and oolong leaves by J. E. Lee et al. even revealing strong inter-country and inter-city relationships. These environmental factors are referred to as terroir in the tea industry; a term borrowed from the wine industry meaning the complete natural environment. There are many similarities in the J. E. Lee et al. publication compared to this thesis. The quality metrics, R2 and Q2 were found to be similar to those of J. E. Lee et al and therefore gave additional reassurance concerning the predictive ability of the model used in this thesis (Fig.107 for stage 2 and Fig.120 for stage 3). An OPLS-DA model was also applied to remove non-correlated variation in X variables to Y variables or for variability in X that is orthogonal to Y. The loading matrices of the OPLS-DA model were used for improving the identification of the tea metabolites that differ between two groups in pairwise comparisons. Over-fitting of spectral data in the OPLS-DA model was also avoided by using the seven fold cross validation method described in the methods section of this thesis. The quality of the models was described by R2 and Q2 values (Trygg & Wold, 2002). As in this current study, a direct correlation was found between tea metabolites and the known environmental factors or terroir. This has potential to be applied in the tea industry, as well as other industries, to add value by producing distinct products tailored to deliver consistent quality, standardised for use as dietary supplements and pharmaceutical precursors.
The big difference in the approach used by J. E. Lee et al. is that they used 1H NMR. HRAM MS and 1H NMR have both shown successful in discriminating chemical differences between plant samples. The full details of the 9 tea samples (tea type, harvesting method, processing method etc.) were not revealed by J. Finlay Ltd until the data analysis had been completed. The findings correlated 100% with this new information. The data processing was, to a large extent done blind, acting as a reminder as to the value of blind samples, which it is suggested should be incorporated into any study, where possible, as an additional level of validation.
It has been shown in the results section that good quality data, increases the power of this method. Employing a combination of analytical techniques could expand the potential of metabolomic fingerprinting enabling high quality provenance. Additional data, from REIMS (rapid evaporative ionisation mass spectrometry), Pyrolysis GC-MS (Peng et al., 2013), FTIR, UV-Vis spectroscopy, Headspace-GC-MS and Headspace-GC-GC-MS would provide a view of the differences from a fresh angle. For example, Headspace-GC-MS or better still Headspace-GC-GC-MS would provide detailed information as to the composition of the volatile odour and flavour components (Kang et al., 2019). Samples could be compared to trained mathematical models for verification of type, origin production method and possibly even year of manufacture. 
The method described here could potentially benefit greatly from the application of the modern data processing techniques that are applied to so called ‘big data’, such as machine learning (Jiménez-Carvelo, González-Casado, Bagur-González, & Cuadros-Rodríguez, 2019). Machine learning is a use of artificial intelligence (AI) that gives a system the capability to automatically learn, and improve from its experience of the data, without being explicitly programmed to do so. A simple everyday example of this is the use of machine learning to extend the battery life of a mobile phone by learning from the details of the phone’s usage. Machine learning relies on what is termed neural networks that emulate the way a human brain works. The pharmaceutical industry is increasingly using this type of approach to discover new predictive biomarkers (Otto, 2016; Umetrics, 2019) although this way of dealing with complex data has been applied for over 20 years (Goodacre et al., 1998). The review article by Jiménez-Carvelo et al. shows how machine learning can be of great benefit and provide advantages over more conventional methods when applied to the analytical evaluation of food quality and authenticity. By far the most widely used of the new machine learning data treatment methods is a support vector machine (SVM). SVM has been used and shown to be highly effective in tea authenticity studies that focus on cultivar and geographical origin using signals from modified metallic oxide electrode (Liu et al., 2014). Random forest methods (RF) were compared with a similar objective using tea UV-Vis data (Diniz, Barbosa, De Melo Milanez, Pistonesi, & De Araújo, 2016). To add a final example, in which the decision tree (DT) method is shown to be successful, compared to other techniques, when discriminating geographical origins of green tea in China by isotope and elemental ratio analysis (Ni et al., 2018). The evaluation of the pros and cons of the various methods of data processing here make a good platform for the advancement of metabolomic fingerprinting with advanced pattern recognition algorithms. This approach is further facillitated by the wide availability of open-source AI software, which include TensorFlow, Scikit-learn, Microsoft Cognitive Toolkit and Keras, to name but a few.
Another strategy could make use of one of the more advanced features of Progenesis QI i.e. Progenesis Metascope as mentioned briefly at the end of the previous chapter. Its function is to allow the creation of local databases which are specific to the particular MS setup. This allows the researcher to build up a selection of key biomarkers from discovery data and create a database that includes accurate mass, retention time, adduct specific collision cross section values (CCS) and also actual fragmentation data as opposed to the often used in silico fragmentation. Components, such as some tea oxidation products, could be added as many are not available in the standard online databases. Once the effort has gone into the creation of this local highly specific database, the ability to search data quickly is much improved as is confidence in the resultant output.
The primary goal of a plant metabolomics approach is to gain an overview of metabolism at a specific point in time, in a chosen tissue, obtained under the conditions of the experiment (Robert D. Hall, 2011). Metabolites are the ultimate end points of gene activity. The link between metabolite profile and phenotype can be immediate and can provide a basis for researching the phenomena of interest. Metabolites are more proximal to a phenotype or disease than either genetic or proteomic information, because a simple change in the expression level of a gene or protein does not necessarily correlate directly with a variation in the activity level or absolute abundance of a protein, but an alteration in a metabolite only occurs through such a change. Consequently, metabolomics has been used to identify disease biomarkers, to aid in the drug discovery process, to study plants, bacteria, nutrition, and the environment, amongst many other applications (Worley & Powers, 2015). Mutations in many genes are phenotypically silent whereas at the metabolite level, clear changes may be apparent. Key traits of importance to industry are - more often than not - directly linked to the biochemical composition of the plant materials used. Important aspects of food products such as nutritional value, sweetness, digestibility and the bioavailability of nutrients are fundamentally determined by the biochemical composition of the raw materials (Stewart, D., Shepherd, L.V.T., Hall, 2011). As plants are nature’s most prolific biochemists, they have become a long-standing source of inspiration for industrial chemists in the search for novel bioactive compounds that can form a basis for production of new synthetic drugs for the pharmaceutical industry or biocides for use in agriculture (Robert D. Hall, 2006).
  It can be seen in literature that there is a grey area in the definitions of metabolomic fingerprinting and metabolomic profiling with the boundaries becoming more vague over time:
Metabolomic fingerprinting – Relative quantification is the aim and identification of the metabolites is not usually performed.
Metabolomic profiling – This approach attempts to identify components, to an extent, and apply MVA in order to create a hypothesis which links the findings to phenotypic or genetic differences.
It is felt that the workflow created for this chapter’s research uses the best of both worlds and has been tailored accordingly so therefore cannot be neatly categorised by either description. The overall goal here was to identify the few chemical features against a large and complex background of metabolites that uniquely define the system.
Dedicated bioinformatics tools are crucial for data analysis in order to convert the vast amount of data acquired into useful information and biochemical knowledge (Redestig, H., Szymanski, J., Hirai, 2011) and this is indeed a key factor in the distinction between metabolomics and the more traditional analytical chemistry approaches.
Although there has been much progress in the field of metabolomics over the past 20 years and publications continue to increase exponentially, there are a few current limitations. The multi-disciplinary nature of metabolomics requires that researchers and research teams need to have a broad understanding of a variety of scientific disciplines. This is essential to design and execute successful metabolomic experiments that lead to correct data interpretation and conclusions. To assemble the correct multi-disciplinary team can be a challenge and can be the cause of  bottlenecks  (Robert D. Hall, 2011). 
To continue to explore the limitations, there are also restrictions incurred through having a lack of authentic standards for the majority of compounds that can be detected with the current instrumentation available. Such reference standards are essential for unambiguous confirmation of metabolite identity and quantity. This is a large associated problem as preparation of standards through extraction and purification or biosynthesis is costly and time consuming. An example of this lies in the need for detailed characterisation of TRs and TBs which are, to a great extent, the unknown components of black tea (Arcy & Rintoul, 2004; Q. Wang, Gong, Chisti, & Sirisansaneeyakul, 2014; Yassin, Koek, & Kuhnert, 2015). The suggested way forward with this challenge would be separation of fractions by preparative HPLC and analysis of the fractions by LC-MS initially. Fractions of interest could be pooled and further separated by preparative HPLC to ultimately produce a library of these compounds. 
Some progress has been made here in recent years but there is a long way to go (Haslam, 2003; Izawa, 2010; Menet et al., 2004). As Drynan et al. state “Since we estimate the number of compounds present in a typical black tea infusion, after careful ultra-high-resolution MS measurements, to be in their thousands, the compounds characterised constitute only the ‘tip of the iceberg’ of black tea chemistry”. The benefits of this understanding could readily be applied to the coffee and chocolate industries too which encounter similar needs to that of the tea industry. Raw material selection is based on flavour, odour and health benefits, much of which comes down to the vast variety of components formed from simple building blocks often directed by enzymatic processes (Drynan et al., 2010). The elucidation of these two heterogeneous classes of compounds (TRs and TBs) are of importance to much plant life, as the processes described are common to much of the plant world.
 This is potentially relevant to the biochemistry of soil and may add knowledge to the nature of soil components like humic substances (HS) or components thereof (MacCarthy, 2001; Sutton & Sposito, 2005). Polyphenols are the main agents in the production of humic substances in plants that are low in lignin, but in general, the main source of polyphenols in soil is due to the biodegradation of lignin. Polyphenols are considered to be humic acid precursors. Polyphenols possess enough reactive sites to permit further transformations such as condensation reactions (Peña-Méndez, Havel, & Patocka, 2014). A fairly new concept of HS composition is that of the supramolecular association, in which many relatively small and chemically diverse organic molecules form clusters linked by hydrogen bonds and hydrophobic interactions (Piccolo, 2001).  Although the complexity of humic substances is increased by this array of organic “leftovers”, humic substances give rise to many vital properties of soils and therefore the contributions made by TR and TB-like compounds could indeed be pivotal to the further understanding of soil.


3.5 Conclusion

From two decades of experience in the crop protection industry, and seeing first-hand the power of statistics being applied to improve chemical processes, it was apparent that observations could be made, via statistical methods, to make a tangible improvement to the efficiency of production and to the quality of the finished product. The latent information extracted was not available to the naked eye. 
Modern MS discovery data is many times more complex than the chemical industry process improvement data referred to in the previous paragraph. Statistical methods have progressed and computers have seen an immense increase in processing power over the past decades. The metabolomics workflow applied to this chapter is only made possible by this progress and has much potential for future applications. 
The power of this approach has been illustrated and has shown, it can provide useful information for the improvement and development of the tea industry. This line of thinking can be adapted and applied to many other research questions and industrial challenges.
Furthermore, clear routes for the evolution of this HRAM MS metabolomic discovery method have been provided, and more specifically, show how this can aid in the development of the tea industry to provide a competitive edge for the collaborator in this research, J.Finlay Ltd. This can have a positive ethical knock-on effect, which will hopefully provide the benefits of financial stability, access to hospitals and education in poor rural communities for many years to come.
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Appendices


i. Appendices for Chapter 1 (A1)
1.31 Synapt G2-Si Untargeted Method (HDMSe)     
	
	
	
	
	
	

	 
	Bark Extracts
	 
	 
	 

	RT  & m/z
	LPP002
	LPP003
	LPP004
	LPP005
	Accepted ID

	1.16_179.0348
	15.29964
	16.562936
	9.1626701
	18.212147
	CSID600426

	1.52_119.0497
	0
	0.5482623
	0
	0.4984471
	CSID9964

	1.52_163.0395
	1.6549111
	6.9002808
	1.1094853
	3.6714322
	CSID553148

	1.79_255.0660
	1.6816498
	0.2626908
	0.9721209
	1.3998981
	CSID154076

	1.97_477.0685
	83.893115
	193.11915
	2812.2017
	209.15826
	CSID24844949

	1.16_135.0447
	9.2808621
	9.7827484
	7.2722075
	9.3000287
	CSID10181341

	2.69_221.0820
	3.2436965
	1.5429652
	0.9984806
	1.6382772
	CSID23254884

	1.38_355.1194
	1.9897534
	1.1584562
	0
	0.4869967
	CSID59696173

	1.34_477.1036
	2.1039539
	2.0803423
	0.2659958
	1.7595958
	CSID4477169

	1.44_287.0918
	4.1649063
	31.573062
	7.6467476
	4.0138049
	CSID28554480

	0.41_675.1912
	16.109242
	21.673587
	16.301077
	19.829939
	CSID4945466

	0.64_575.1192
	254.78553
	336.97241
	264.94365
	305.96024
	CSID389606

	0.40_577.1359
	292.79806
	395.07203
	311.351
	334.31515
	CSID109417

	2.02_257.0819
	2.2100077
	0.5678123
	0.1332823
	1.1160427
	CSID30777607

	0.62_397.0937
	54.761534
	78.213634
	68.536725
	69.926218
	CSID97088

	0.40_575.1189
	77.695365
	102.29403
	80.303921
	91.806751
	CSID389606

	1.53_269.0816
	0.0367921
	2.7736153
	0.2374944
	1.0641785
	CSID10211379

	0.64_577.1363
	735.66999
	1007.462
	745.33818
	841.12708
	CSID109417

	1.94_255.0662
	0.0588479
	1.123371
	3.8510835
	0.7293906
	CSID154076

	1.35_319.0826
	0.5310438
	1.3194452
	0.0064628
	0.6728377
	CSID154086

	2.42_431.0984
	14.771094
	0.3034937
	197.33503
	0
	CSID35015223

	1.43_255.0660
	2.9648848
	0.8368749
	1.6040949
	2.856637
	CSID154076

	3.72_271.0615
	0.7159644
	11.360624
	0.2233804
	0
	CSID65230

	2.11_311.0561
	22.143059
	296.00905
	5.0745796
	14.95862
	CSID30777598

	2.23_461.1091
	105.29797
	391.08875
	10.757521
	7.9487203
	CSID4445121

	1.51_301.0363
	1285.8417
	2074.2465
	275.53359
	2015.5282
	CSID4444051

	1.44_319.0833
	2.6771111
	0.8886369
	0.0800954
	0.6202889
	CSID154086

	0.91_243.0667
	21.128407
	14.258092
	7.7977579
	18.499721
	CSID238

	1.92_355.1181
	7.4778051
	15.911648
	14.433638
	19.205046
	CSID59696173

	1.95_267.0661
	4.2448415
	3.4484065
	20.710726
	8.6729107
	CSID391108

	1.64_477.0687
	2007.6082
	105.80013
	31.545388
	2078.1288
	CSID24844949


ii. 
	 
	Bark Extracts
	 
	 
	 

	RT  & m/z
	LPP002
	  LPP003
	LPP004
	LPP005
	Accepted ID


	2.50_441.0827
	1.7127881
	1.6993877
	2.5103901
	0.0208578
	CSID30777630

	1.66_295.0982
	2.2581818
	2.9221386
	0.5790257
	4.5378801
	CSID30777587

	2.14_591.1719
	5.6527051
	9.8254361
	15.206334
	9.4368262
	CSID10176

	0.63_539.0997
	4.6315176
	5.6378076
	4.9839761
	4.4709992
	CSID4444448

	1.19_327.0860
	42.226924
	14.411518
	15.454633
	45.36738
	CSID553148

	1.25_363.1075
	6.1866523
	8.3418184
	3.9413444
	8.2711516
	CSID1675

	1.36_287.0917
	0.792527
	26.385723
	5.0138098
	4.8241578
	CSID28554480

	1.71_313.1095
	30.772964
	75.06292
	16.531576
	35.870618
	CSID30777587

	2.15_313.1085
	13.463525
	30.30172
	54.265814
	5.9962605
	CSID30777587

	2.33_447.1297
	2.5393167
	3.0716423
	13.511497
	5.2072963
	CSID10290

	2.26_477.1026
	6.9220864
	77.361576
	394.58569
	2.6579067
	CSID4477169

	2.88_441.0828
	0
	0
	0.6521538
	0.048373
	CSID97034

	2.02_297.0764
	3.7998122
	2.2528065
	12.201644
	8.9318395
	CSID24842912

	2.74_243.1384
	108.40652
	163.04974
	24.573932
	168.4839
	CSID28982

	1.80_559.1246
	10.523003
	28.664651
	13.745814
	9.2189707
	CSID109417

	1.87_359.0775
	0.1854955
	17.274356
	21.379029
	4.4429916
	CSID600426

	2.33_463.0872
	3.8536292
	0.6970367
	132.03651
	0.8173378
	CSID4444361

	1.43_465.1047
	65.407015
	325.50728
	57.291963
	173.95912
	CSID30777621

	2.39_497.1085
	21.957497
	2.1384608
	770.44195
	2.620833
	CSID22912767

	1.57_497.1086
	79.082077
	183.61423
	14.123433
	80.642358
	CSID4445093

	0.93_481.0988
	554.92874
	693.2833
	511.30888
	597.18496
	CSID30777581

	2.02_397.0914
	0.9574665
	0.9013558
	1.192385
	2.5012724
	CSID97088

	1.83_715.1724
	0
	0
	0
	0
	CSID30777618

	1.18_313.1094
	13.618223
	4.8649925
	6.7374344
	13.950145
	CSID30777587

	1.99_447.0937
	536.71536
	619.25831
	50.475024
	555.8872
	CSID30777622

	0.93_455.1343
	35.218804
	35.207656
	26.471851
	38.65527
	CSID388690

	1.80_431.0988
	2.4832675
	5.8605981
	6.9604607
	2.5216526
	CSID35015223

	1.60_947.1710
	0
	0
	0
	0
	CSID4444973

	1.62_297.0769
	17.222915
	35.992364
	6.9557197
	22.825038
	CSID24842912

	2.11_559.1258
	2.1935158
	14.770463
	18.703398
	9.1401678
	CSID109417

	2.44_357.1333
	8.224344
	4.6892799
	15.195406
	0.0729749
	CSID106491

	1.59_419.1718
	3.6675788
	14.9443
	0.2086627
	4.752234
	CSID30776738

	2.39_295.0611
	0.5217086
	95.425578
	6.3805794
	1.1173792
	CSID4445094

	1.43_283.0962
	3.1455851
	1.7403654
	0.2021827
	4.2371431
	CSID30777589



	 
	Bark Extracts
	 
	 
	 

	RT  & m/z
	LPP002
	LPP003
	LPP004
	LPP005
	Accepted ID


	1.61_189.0549
	0.5840255
	9.6970387
	0.9090162
	0.5930532
	CSID35015219

	1.70_319.0814
	2.9937527
	5.2042982
	0.5096346
	2.7157404
	CSID154086

	0.77_305.0662
	16.930402
	25.05202
	15.522531
	25.176573
	CSID65231

	1.76_335.1510
	52.129207
	42.146353
	1.063993
	66.942422
	CSID16039

	1.79_269.0818
	16.990931
	1.1027744
	1.1428861
	17.425953
	CSID10211379

	1.23_273.0766
	1.7717158
	2.2000317
	2.1286517
	1.2193824
	CSID19283896

	2.77_327.0869
	3.5378209
	2.5584796
	0.6940128
	7.2881155
	CSID553148

	1.84_327.0878
	1.9702955
	56.08713
	16.87684
	0.1618418
	CSID553148

	3.00_271.0969
	1.0409584
	4.899469
	0.9505012
	0.2302568
	CSID26367754

	0.41_735.2175
	15.432538
	19.744267
	16.576555
	18.6972
	CSID7975151

	2.54_311.0575
	10.839538
	0.4976174
	8.0530862
	0.5644245
	CSID30777598

	2.31_359.0769
	2.7708648
	1.7262556
	3.0899872
	16.418461
	CSID600426

	3.04_257.0809
	113.58917
	154.59049
	120.39977
	0.419691
	CSID26368740

	1.90_369.0614
	0.2705108
	4.5893205
	5.9905975
	3.1050694
	CSID30777654

	3.29_327.0879
	0.3671435
	0.0131008
	0
	0.0022438
	CSID553148

	1.53_283.0982
	0.5475254
	3.9919983
	0.4267307
	2.6110712
	CSID30777589

	1.08_577.1344
	28.037798
	29.141089
	51.326128
	28.33417
	CSID109417

	2.32_603.0785
	23.778237
	1576.001
	84.803774
	54.799333
	CSID4444051














Tab.A1-001 Highest scoring results after processing HDMSe data through Progenesis QI. This data relates to the 4 replicates of the lodge pole pine extract compared to blanks.



	 
	Bark extracts
	 
	 
	 
	 

	RT & m/z
	 OAK002
	OAK003
	OAK004
	      OAK005
	Accepted ID

	1.16_179.0348
	35.98358061
	32.22308076
	36.67318267
	21.93905253
	CSID600426

	1.52_119.0497
	0.79419957
	0.544571278
	0.496515715
	0.34374464
	CSID9964

	1.52_163.0395
	4.91448347
	7.774668462
	4.63616236
	3.058341915
	CSID553148

	1.79_255.0660
	2.193115203
	0.249165821
	1.861787422
	0.030129032
	CSID154076

	1.97_477.0685
	13.41563152
	3.652731654
	15.34150519
	9.201634465
	CSID24844949

	1.16_135.0447
	14.57254425
	11.11026987
	15.52777821
	10.4893096
	CSID10181341

	2.69_221.0820
	582.0351906
	487.4523975
	546.6115863
	408.7217587
	CSID23254884

	1.38_355.1194
	4.410432383
	2.588185087
	4.385671436
	5.271624305
	CSID59696173

	1.34_477.1036
	2.917742681
	1.641894477
	3.195796062
	1.633186614
	CSID4477169

	1.44_287.0918
	31.09335959
	3.790375311
	30.38720378
	8.024989854
	CSID28554480

	0.41_675.1912
	4.997591341
	4.204300701
	3.056431007
	3.828677585
	CSID4945466

	0.64_575.1192
	43.63441623
	17.82659829
	36.66895983
	39.95235938
	CSID389606

	0.40_577.1359
	56.6445815
	45.18007951
	55.24088084
	57.12790952
	CSID109417

	2.02_257.0819
	1.437910757
	0.002990094
	0.527335015
	0.296220546
	CSID30777607

	0.62_397.0937
	13.91707512
	6.474658413
	11.61297216
	12.19863633
	CSID97088

	0.40_575.1189
	21.61423798
	11.69358106
	12.33763337
	10.02575345
	CSID389606

	1.53_269.0816
	3.021277988
	1.95854949
	2.631314037
	0.57860944
	CSID10211379

	0.64_577.1363
	125.5451343
	79.90818233
	122.4667675
	109.5908939
	CSID109417

	1.94_255.0662
	11.39447769
	1.885896689
	12.53048707
	6.096936383
	CSID154076

	1.35_319.0826
	7.117133382
	4.031065738
	9.114064413
	9.16847995
	CSID154086

	2.42_431.0984
	1.34200498
	1.043433252
	1.4321987
	0.328629551
	CSID35015223

	1.43_255.0660
	4.560643479
	3.086707755
	4.266987782
	2.227674904
	CSID154076

	3.72_271.0615
	420.1877309
	344.7054306
	394.8988768
	312.1145741
	CSID65230

	2.11_311.0561
	31.04824295
	2.916540719
	29.75560649
	8.67903439
	CSID30777598

	2.23_461.1091
	10.17293822
	6.029523715
	7.818427918
	4.705175747
	CSID4445121

	1.51_301.0363
	137.5063764
	64.59614814
	133.3462899
	91.82065618
	CSID4444051

	1.44_319.0833
	12.6273078
	4.130895185
	10.94931923
	6.342098456
	CSID154086

	0.91_243.0667
	8.134672339
	5.724742996
	9.955426282
	3.032935558
	CSID238

	1.92_355.1181
	25.84738782
	29.13662778
	24.3201949
	13.33557858
	CSID59696173

	1.95_267.0661
	6.784649715
	2.322900899
	4.889766572
	2.87615845
	CSID391108

	1.64_477.0687
	24.87212818
	40.08705531
	26.20085901
	24.12942332
	CSID24844949

	2.50_441.0827
	23.66727519
	1.247388206
	23.40560265
	17.53361073
	CSID30777630

	1.66_295.0982
	1.708505131
	4.528309555
	1.270280122
	1.213761551
	CSID30777587

	2.14_591.1719
	17.33824432
	5.598279901
	12.96406394
	12.29723155
	CSID10176

	0.63_539.0997
	1.101575269
	0.3096636
	1.003585762
	0.640365125
	CSID4444448

	1.19_327.0860
	79.48905516
	37.08218277
	83.92359102
	40.05487508
	CSID553148

	1.25_363.1075
	27.00294128
	19.52523561
	26.67935747
	13.88652947
	CSID1675

	1.36_287.0917
	17.08034202
	3.253540971
	17.21827932
	29.52273367
	CSID28554480

	1.71_313.1095
	22.28879943
	50.88251433
	24.17888867
	24.48956034
	CSID30777587

	2.15_313.1085
	8.581384894
	10.44232938
	6.253169816
	13.05484722
	CSID30777587

	2.33_447.1297
	10.14220146
	4.168287429
	9.458390173
	3.894311402
	CSID10290

	2.26_477.1026
	1.558033516
	2.031062264
	3.597778862
	1.153004848
	CSID4477169

	2.88_441.0828
	0
	0.113119705
	0.350845392
	0.141120293
	CSID97034

	2.02_297.0764
	3.181055594
	10.05894995
	3.24477135
	1.706638959
	CSID24842912

	2.74_243.1384
	1.19588561
	0.705222559
	0.873554642
	1.765149507
	CSID28982

	1.80_559.1246
	36.86936755
	21.55156078
	32.14702941
	5.467473727
	CSID109417

	1.87_359.0775
	187.4082552
	15.40726602
	172.5251252
	22.07388373
	CSID600426

	 
	Bark extracts
	 
	 
	 
	 

	RT & m/z
	OAK002
	OAK003
	OAK004
	OAK005
	Accepted ID

	2.39_497.1085
	3.432870334
	0.709665589
	1.670676809
	0.733206078
	CSID22912767

	1.57_497.1086
	31.31014922
	39.19261674
	25.180877
	17.05963974
	CSID4445093

	0.93_481.0988
	43.52080636
	34.72969796
	42.6658124
	27.37429043
	CSID30777581

	2.02_397.0914
	1.97886484
	1.01279819
	1.886412688
	1.351825681
	CSID97088

	1.83_715.1724
	0
	0
	0
	0
	CSID30777618

	1.18_313.1094
	11.09683808
	6.92540798
	13.2821961
	7.680116471
	CSID30777587

	1.99_447.0937
	80.92450776
	61.38046844
	72.90993709
	68.50283567
	CSID30777622

	0.93_455.1343
	26.25462133
	34.2305951
	28.60315562
	10.49693953
	CSID388690

	1.80_431.0988
	37.88264962
	40.98613139
	40.69072391
	18.59817529
	CSID35015223

	1.60_947.1710
	0
	0
	0
	0
	CSID4444973

	1.62_297.0769
	38.32758753
	60.98584745
	36.72306583
	33.67552107
	CSID24842912

	2.11_559.1258
	20.96473227
	2.900055176
	21.49192245
	7.317698934
	CSID109417

	2.44_357.1333
	26.77106469
	6.316199518
	30.3191045
	10.82745144
	CSID106491

	1.59_419.1718
	18.36944135
	842.4030114
	18.63270719
	15.83390514
	CSID30776738

	2.39_295.0611
	62.51503079
	0.494987081
	63.22737769
	8.394350489
	CSID4445094

	1.43_283.0962
	3.591145803
	3.189752783
	2.6474564
	2.815502805
	CSID30777589

	1.61_189.0549
	11.02429507
	8.135013417
	12.4719234
	9.988613075
	CSID35015219

	1.70_319.0814
	7.821507845
	14.34352109
	9.248491136
	6.901079825
	CSID154086

	0.77_305.0662
	32.98017335
	12.50523216
	28.78333548
	29.58184218
	CSID65231

	1.76_335.1510
	13.37473791
	51.44250818
	13.53449766
	14.10321057
	CSID16039

	1.79_269.0818
	3.374369624
	8.723166528
	1.048268304
	2.985604009
	CSID10211379

	1.23_273.0766
	5.130653129
	3.442740241
	5.273127528
	1.184513139
	CSID19283896

	2.77_327.0869
	14.27534418
	9.906393763
	6.246559059
	3.905654771
	CSID553148

	1.84_327.0878
	18.60764663
	4.635346795
	17.43569261
	1.392576678
	CSID553148

	3.00_271.0969
	0
	0
	0
	0.008652936
	CSID26367754

	0.41_735.2175
	4.306977413
	4.429407244
	4.129079663
	3.62973133
	CSID7975151

	2.54_311.0575
	2.608658244
	0.81421668
	0.710059517
	0.203903472
	CSID30777598

	2.31_359.0769
	4.743225912
	1.692366036
	4.425103945
	5.766443266
	CSID600426

	3.04_257.0809
	128.538584
	109.1387224
	121.3244652
	91.49909246
	CSID26368740

	1.90_369.0614
	28.57284908
	22.15215577
	36.21047551
	9.152690654
	CSID30777654

	3.29_327.0879
	239.0406071
	7.275642592
	221.0422685
	156.9107114
	CSID553148

	1.53_283.0982
	1.42710371
	4.43054
	1.978471277
	0.763269377
	CSID30777589

	1.08_577.1344
	21.79233235
	25.32486841
	26.3180653
	15.93092867
	CSID109417

	2.32_603.0785
	0.972353149
	0
	0.609299632
	1.734234304
	CSID4444051



Tab.A1-002 Highest scoring results after processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the oak extract compared to blanks. Quercetin highlighted in yellow. Matairesinol highlighted in blue.



	 
	Bark Extracts
	 
	 
	 
	 

	RT & m/z
	SP002
	SP003
	SP004
	SP005
	Accepted ID

	1.16_179.0348
	32.52386735
	26.37865428
	18.07675133
	23.08516064
	CSID600426

	1.52_119.0497
	1.600755496
	1.793296617
	1.036186042
	1.285078461
	CSID9964

	1.52_163.0395
	6.279021776
	5.001731397
	4.46033104
	2.642873224
	CSID553148

	1.79_255.0660
	1.952430939
	1.110983618
	4.228055339
	0.428173681
	CSID154076

	1.97_477.0685
	10.8480912
	8.963488267
	0.9847538
	5.926898016
	CSID24844949

	1.16_135.0447
	27.45312637
	24.30646155
	18.56897863
	19.09611943
	CSID10181341

	2.69_221.0820
	33.61851069
	30.77753545
	21.93606046
	23.54056069
	CSID23254884

	1.38_355.1194
	17.05426127
	15.94116275
	14.16103336
	0.015697628
	CSID59696173

	1.34_477.1036
	0.137885778
	0.452113682
	0.247065486
	1.071452479
	CSID4477169

	1.44_287.0918
	92.33756769
	82.42168853
	58.36479932
	2.682645771
	CSID28554480

	0.41_675.1912
	0
	0.241409431
	0
	0.143586742
	CSID4945466

	0.64_575.1192
	1458.136519
	1320.570153
	1102.111403
	1107.614641
	CSID389606

	0.40_577.1359
	11.59284127
	10.39670661
	6.728768124
	8.399246388
	CSID109417

	2.02_257.0819
	1.69929606
	0.644716179
	0.056579035
	0.145953849
	CSID30777607

	0.62_397.0937
	0.929448917
	0
	0.078280195
	0.530666805
	CSID97088

	0.40_575.1189
	13.70039264
	10.67499176
	8.146203701
	9.394657537
	CSID389606

	1.53_269.0816
	8.286868552
	7.103719459
	5.088008873
	1.376992649
	CSID10211379

	0.64_577.1363
	5611.501172
	5272.039127
	3904.47989
	3954.975864
	CSID109417

	1.94_255.0662
	100.7471637
	95.78811347
	0.074608627
	75.60919326
	CSID154076

	1.35_319.0826
	3.644444248
	3.87140894
	2.513310534
	76.5504243
	CSID154086

	2.42_431.0984
	0.57639801
	2.04387547
	0
	1.210024682
	CSID35015223

	1.43_255.0660
	8.553338985
	6.038445236
	6.154437902
	11.4936224
	CSID154076

	3.72_271.0615
	13.09714753
	10.79980959
	0
	8.327379877
	CSID65230

	2.11_311.0561
	3.56419047
	3.574528509
	0.001096435
	2.548195709
	CSID30777598

	2.23_461.1091
	295.4652987
	274.7557278
	4.389535403
	210.4657152
	CSID4445121

	1.51_301.0363
	544.7076641
	521.4870463
	418.5146357
	478.6084968
	CSID4444051

	1.44_319.0833
	105.8459791
	97.2743697
	72.86998167
	1.484521255
	CSID154086

	0.91_243.0667
	1.764119059
	2.244014179
	0.558033957
	1.527879841
	CSID238

	1.92_355.1181
	51.87380641
	54.42911291
	0.272960818
	57.66278745
	CSID59696173

	1.95_267.0661
	119.586132
	112.5721579
	0.079543957
	89.36321062
	CSID391108

	1.64_477.0687
	0
	0.302228817
	5.093810514
	0.674861381
	CSID24844949

	2.50_441.0827
	0.073589665
	0.21481012
	0.184342246
	0.051133372
	CSID30777630

	1.66_295.0982
	0.118396058
	0.282511172
	22.55471056
	0
	CSID30777587

	2.14_591.1719
	23.05080332
	24.63572534
	3.13197988
	14.43160131
	CSID10176

	0.63_539.0997
	7.065495583
	7.464682094
	4.813989214
	6.020053767
	CSID4444448

	1.19_327.0860
	14.31320186
	13.08202294
	10.8937527
	14.590204
	CSID553148

	1.25_363.1075
	26.60415574
	23.73618645
	17.9596938
	14.06428026
	CSID1675

	1.36_287.0917
	65.17810751
	65.81396582
	45.97730354
	68.04200296
	CSID28554480

	1.71_313.1095
	78.97367348
	83.05481238
	140.9334237
	17.24873242
	CSID30777587

	2.15_313.1085
	102.061436
	94.65688184
	6.740971495
	73.39118554
	CSID30777587

	2.33_447.1297
	6.031985588
	4.253038219
	1.09490507
	4.880652918
	CSID10290

	2.26_477.1026
	2.429801671
	0.975436222
	0.212107576
	1.585507121
	CSID4477169

	2.88_441.0828
	0.038369572
	0.158425271
	0
	0
	CSID97034

	2.02_297.0764
	58.15835685
	55.02590253
	0.709399291
	2.397704358
	CSID24842912

	 
	Bark Extracts
	 
	 
	 
	 

	RT & m/z
	SP002
	SP003
	SP004
	SP005
	Accepted ID

	1.87_359.0775
	1.621124015
	2.186138022
	0.368021207
	0.735993457
	CSID600426

	2.33_463.0872
	1.211717922
	0.525263559
	0
	2.14715122
	CSID4444361

	1.43_465.1047
	298.6822639
	275.5931899
	198.4740913
	216.9098269
	CSID30777621

	2.39_497.1085
	1.740346022
	1.76478145
	0.375468079
	0.756361011
	CSID22912767

	1.57_497.1086
	24.31528416
	22.86098078
	34.92300808
	14.83546798
	CSID4445093

	0.93_481.0988
	6.689313805
	5.267978593
	9.570439539
	9.499937413
	CSID30777581

	2.02_397.0914
	12.69076911
	11.44244547
	0.146300801
	0.654731244
	CSID97088

	1.83_715.1724
	0
	0
	0
	0
	CSID30777618

	1.18_313.1094
	23.48273713
	18.14731779
	14.95765987
	11.18561549
	CSID30777587

	1.99_447.0937
	529.5972093
	508.3779863
	2.31223742
	393.0008533
	CSID30777622

	0.93_455.1343
	750.7929481
	698.6587939
	423.397877
	493.0013096
	CSID388690

	1.80_431.0988
	0.563872879
	0.329798804
	83.62335103
	0.754343257
	CSID35015223

	1.60_947.1710
	0
	0
	0
	0
	CSID4444973

	1.62_297.0769
	5.106390535
	2.344460888
	74.14102401
	23.32747632
	CSID24842912

	2.11_559.1258
	100.7821734
	98.79826276
	2.37915962
	59.48385868
	CSID109417

	2.44_357.1333
	1.275032461
	2.498987104
	22.11734673
	0.974616581
	CSID106491

	1.59_419.1718
	1.46094891
	1.786643191
	1.948402178
	1.493658577
	CSID30776738

	2.39_295.0611
	11.73752202
	10.23273581
	0
	8.024252156
	CSID4445094

	1.43_283.0962
	5.521699138
	4.988935302
	3.801345269
	11.74175366
	CSID30777589

	1.61_189.0549
	2.306168437
	2.036147915
	1.314618953
	0
	CSID35015219

	1.70_319.0814
	47.36878403
	45.28424972
	0.738156362
	0.723443795
	CSID154086

	0.77_305.0662
	1.444908079
	2.814023841
	3.726027119
	2.162093761
	CSID65231

	1.76_335.1510
	0.039057058
	0.523086056
	1.135698085
	0
	CSID16039

	1.79_269.0818
	2.55068406
	1.92261922
	0.426831523
	9.79026052
	CSID10211379

	1.23_273.0766
	0.922699381
	0.520881795
	0.431523022
	0.147222201
	CSID19283896

	2.77_327.0869
	0.336875309
	0.695453144
	0.058933311
	0.583218631
	CSID553148

	1.84_327.0878
	37.96110159
	37.94173076
	11.53105861
	1.888911195
	CSID553148

	3.00_271.0969
	78.39981923
	67.25532482
	53.73213147
	56.12673776
	CSID26367754

	0.41_735.2175
	0.384449384
	0.341972013
	0.08630538
	0.404709285
	CSID7975151

	2.54_311.0575
	0.520650824
	0.299428586
	0.350322074
	0.037283671
	CSID30777598

	2.31_359.0769
	0.810239365
	0.549076713
	0.430784913
	0.99454728
	CSID600426

	3.04_257.0809
	5.662906695
	5.033687352
	3.793087542
	4.33796745
	CSID26368740

	1.90_369.0614
	0.720485093
	0.216557491
	0
	0
	CSID30777654

	3.29_327.0879
	0
	0
	0.002293174
	0
	CSID553148

	1.53_283.0982
	14.17540488
	11.14137957
	9.630567027
	1.787558651
	CSID30777589

	1.08_577.1344
	183.8890242
	174.9350497
	108.6958684
	118.571771
	CSID109417

	2.32_603.0785
	35.89231583
	31.65963127
	1.909175422
	36.38938159
	CSID4444051



Tab.A1-003 Highest scoring results after processing HDMSe data through Progenesis QI.
This data relates to the 4 replicates of the Scots pine extract compared to blanks.


	RT & m/z
	PYCNO002
	PYCNO003
	PYCNO004
	PYCNO005
	Accepted ID

	1.16_179.0348
	51.82455289
	43.16016814
	59.16546854
	54.60574416
	CSID600426

	1.52_163.0395
	3.753009223
	0.540203636
	4.336766862
	4.212750524
	CSID553148

	1.52_119.0497
	13.54150946
	2.824835556
	12.25853393
	12.66214498
	CSID9964

	1.79_255.0660
	0
	0.043389443
	0.064977376
	0
	CSID154076

	1.97_477.0685
	3.106276415
	1.865038456
	2.872343236
	2.690783319
	CSID24844949

	1.16_135.0447
	55.34734052
	44.23140726
	58.04228632
	56.70001651
	CSID10181341

	2.69_221.0820
	0.120494747
	0.088134434
	0
	0.013667294
	CSID23254884

	2.22_207.0659
	0
	0
	0
	0
	CSID35015219

	1.38_355.1194
	0.66433611
	0.212034877
	0
	0.348136193
	CSID59696173

	1.34_477.1036
	147.1906943
	41.95572309
	98.82055483
	156.4410428
	CSID4477169

	1.44_287.0918
	2.91392171
	4.491315628
	3.092178294
	9.906707622
	CSID28554480

	0.41_675.1912
	0.135720564
	0.773640758
	0.178366299
	0.23187635
	CSID4945466

	0.64_575.1192
	157.0693406
	80.83659699
	169.6681497
	140.5557497
	CSID389606

	0.40_577.1359
	651.639176
	472.0469455
	641.0574248
	610.8662588
	CSID109417

	2.02_257.0819
	1.225143844
	17.73700304
	0.480771038
	0.621098598
	CSID30777607

	0.62_397.0937
	0
	0
	0
	0.055826784
	CSID97088

	0.40_575.1189
	124.6239553
	88.74906861
	122.9688211
	132.6876548
	CSID389606

	1.53_269.0816
	0.510180283
	0.156342515
	0.277821385
	0.833800659
	CSID10211379

	0.64_577.1363
	780.5155537
	438.7711411
	784.5875263
	679.5252988
	CSID109417

	1.94_255.0662
	3.868819729
	0
	4.487719498
	4.626748522
	CSID154076

	1.35_319.0826
	0.695181699
	0.25088868
	0.649016208
	0.449326588
	CSID154086

	2.42_431.0984
	0.386408593
	0.151663086
	0.527480579
	0
	CSID35015223

	1.65_1159.3506
	559.6310526
	6.260782924
	549.305765
	511.7775029
	CSID390868

	3.36_297.0757
	0
	0.028833538
	0
	0.001112882
	CSID24842912

	1.43_255.0660
	0.986711755
	0.382571722
	0.475609478
	1.067627768
	CSID154076

	3.72_271.0615
	0
	0.980536001
	0.212116976
	0.252770382
	CSID65230

	2.11_311.0561
	0.103316453
	0.178603836
	0.057142046
	0.281200093
	CSID30777598

	2.23_461.1091
	35.88336939
	51.15073544
	53.75908897
	35.17135864
	CSID4445121

	1.51_301.0363
	527.702506
	136.3419097
	515.5172825
	597.3855027
	CSID4444051

	1.44_319.0833
	0.338971023
	0.116020005
	0.084589494
	0.254354047
	CSID154086

	0.91_243.0667
	0.525580143
	0.36674561
	0.673075255
	1.308679277
	CSID238

	1.92_355.1181
	3.653707508
	0.112548803
	5.921043309
	2.690868377
	CSID59696173

	1.95_267.0661
	5.067873765
	0.004684418
	6.065922164
	5.20998285
	CSID391108

	1.64_477.0687
	0.274672521
	0.734418266
	0.518284119
	0.098842848
	CSID24844949

	2.50_441.0827
	0.208100342
	0.047318599
	0.403493242
	0.284522178
	CSID30777630

	1.66_295.0982
	0
	0
	0
	0
	CSID30777587

	2.14_591.1719
	508.4229187
	157.2461354
	505.8682116
	451.5254549
	CSID10176

	0.63_539.0997
	1.047221494
	0.022273661
	0.285208843
	0.159429239
	CSID4444448

	1.19_327.0860
	19.76878711
	11.62355415
	33.49448375
	19.81264223
	CSID553148

	1.25_363.1075
	6.149661665
	2.205241369
	4.402734749
	7.13250209
	CSID1675

	1.71_313.1095
	0.709378788
	6.981470228
	0.65179456
	3.680924984
	CSID30777587

	1.36_287.0917
	26.07985023
	3.205691521
	5.465141226
	16.38347381
	CSID28554480

	2.15_313.1085
	6.540516561
	5.121146411
	6.835253514
	8.269954108
	CSID30777587

	2.26_477.1026
	0.068881783
	4.060763365
	2.335458091
	0.174707323
	CSID4477169

	2.33_447.1297
	121.2045332
	91.25132052
	127.3916891
	105.0800617
	CSID10290

	2.88_441.0828
	22.2574056
	6.052292274
	20.8245673
	18.47659675
	CSID97034

	2.02_297.0764
	2.257571311
	0.738394753
	0.87299355
	3.161200326
	CSID24842912

	2.74_243.1384
	1.444003717
	1.616979863
	2.37346134
	2.956396184
	CSID28982

	1.80_559.1246
	0.780385824
	0
	0.996606429
	0.543465999
	CSID109417

	1.87_359.0775
	1.425042983
	0.046755087
	1.299874683
	1.036982432
	CSID600426

	RT & m/z
	PYCNO002
	PYCNO003
	PYCNO004
	PYCNO005
	Accepted ID

	2.33_463.0872
	0.576741817
	0.374926927
	0.817086471
	1.028721722
	CSID4444361

	2.39_497.1085
	1.268728587
	0.874994415
	0.612288371
	0.868465338
	CSID22912767

	1.43_465.1047
	1040.619076
	428.4006407
	797.9154639
	1045.539731
	CSID30777621

	3.98_895.1931
	0
	0
	0
	0
	CSID35015228

	1.57_497.1086
	3.335171953
	1.486643948
	2.669788196
	1.965810169
	CSID4445093

	0.93_481.0988
	1.200135037
	16.03070605
	2.982086721
	2.537954114
	CSID30777581

	2.02_397.0914
	0.826187611
	0.429706952
	0.003992422
	1.054013214
	CSID97088

	1.83_715.1724
	0
	0
	0
	0
	CSID30777618

	1.18_313.1094
	0.756452889
	1.047554584
	3.002193196
	1.585930527
	CSID30777587

	3.00_603.1495
	0.258115912
	0
	0
	0
	CSID65234

	1.99_447.0937
	98.13391603
	29.85403971
	98.20937794
	94.20910825
	CSID30777622

	0.93_455.1343
	36.16289143
	83.47442685
	59.28526446
	58.46856792
	CSID388690

	1.80_431.0988
	0.559258681
	5.201838845
	0.734465354
	0.571392932
	CSID35015223

	1.60_947.1710
	0
	0
	0
	0
	CSID4444973

	1.62_297.0769
	0.002744185
	1.73273348
	0.181433549
	0.079045221
	CSID24842912

	2.11_559.1258
	1.592146014
	1.271373725
	1.218786774
	1.595380681
	CSID109417

	1.59_419.1718
	0.204463609
	0.081059526
	0.273061415
	0.295082389
	CSID30776738

	2.44_357.1333
	0.557066692
	0.222708833
	0.133618161
	0.208346808
	CSID106491

	2.39_295.0611
	0
	0.044646411
	0.031995639
	0.115807528
	CSID4445094

	1.70_319.0814
	0.045990554
	0.160058563
	0.40115513
	0.184251899
	CSID154086

	1.43_283.0962
	0.607710572
	0.161254412
	0.686941248
	1.881574783
	CSID30777589

	1.61_189.0549
	0.531981309
	0.669948638
	0.317285614
	0.086858238
	CSID35015219

	1.76_335.1510
	0
	0
	0
	0
	CSID16039

	0.77_305.0662
	0.845684484
	0.030098766
	0.781351562
	0.59691789
	CSID65231

	1.23_273.0766
	2.52272459
	0.36241791
	4.432469218
	2.365432275
	CSID19283896

	1.79_269.0818
	0
	0.17614592
	0
	0
	CSID10211379

	2.77_327.0869
	37.34606891
	32.36468701
	42.21213616
	41.0277236
	CSID553148

	1.84_327.0878
	1.565230097
	0.098737012
	0.573324186
	0.902135008
	CSID553148

	3.63_297.0766
	0
	0
	0.097209248
	0.373116217
	CSID24842912

	3.00_271.0969
	0.139078084
	0.056525652
	0.090804947
	0.135945915
	CSID26367754

	0.41_735.2175
	0
	0
	0.084783386
	0
	CSID7975151

	2.22_631.1823
	0
	0
	0
	0
	CSID24842912

	2.54_311.0575
	0
	0
	0.04923388
	0
	CSID30777598

	1.90_369.0614
	0.010559168
	0.048085324
	0.188001453
	0
	CSID30777654

	2.31_359.0769
	18.59937934
	14.56090332
	25.06298784
	18.34011938
	CSID600426

	3.29_327.0879
	1.715773371
	1.501231006
	2.597788273
	1.135218627
	CSID553148

	3.04_257.0809
	1.249900963
	1.343746905
	2.226540945
	1.768975916
	CSID26368740

	1.53_283.0982
	1.014852248
	0.236369916
	0.521331712
	0.852990006
	CSID30777589

	3.70_627.1487
	0
	9.755514073
	25.17409076
	8.522729846
	CSID4445094

	1.08_577.1344
	38.55651688
	146.6478502
	83.26382032
	81.08887803
	CSID109417

	2.32_603.0785
	0.571361391
	0.429580495
	0.335520001
	0.238930751
	CSID4444051

	
	
	
	
	
	



Tab.A1-004 Highest scoring results after processing HDMSe data through Progenesis QI. This data relates to the 4 replicates of Pycnogenol extract compared to blanks. This was used as a reference to a known product.
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Fig.A1-001 Power analysis graph of bark extract data







i. Appendices for Chapter 2 (A2)

2.31 Synapt G2-Si Untargeted Method (HDMSe)               



	RT & m/z
	Alex0001
	Alexs0002
	Alex0003
	Alex0004
	Accepted ID

	2.33_399.1085
	4.701038
	1.9176185
	5.1273376
	5.2455284
	CSID30777624

	1.88_339.1225
	1.106273
	1.4068451
	0.0141288
	0
	CSID106491

	1.72_609.1456
	0
	0
	0
	0
	CSID4444362

	0.43_367.1051
	43.66663
	54.841785
	44.380348
	51.054173
	CSID8309124

	1.82_489.1041
	0
	0.7979318
	0
	0
	CSID30777632

	1.61_367.1026
	886.2138
	941.83915
	846.0446
	902.87897
	CSID8309124

	1.42_579.1713
	0.0418
	0
	0
	0
	CSID390868

	2.14_445.0793
	0
	0.8926346
	0
	0
	CSID13083403

	2.53_545.1640
	0.30657
	0
	0
	0
	CSID1675

	2.00_591.1705
	0
	0
	0
	0
	CSID10176

	1.92_516.1267
	0.000253
	0.246454
	0.5911314
	0.2811654
	CSID4445093

	2.48_707.1806
	0
	0
	0
	0.0004246
	CSID1405788

	1.79_923.2217
	0
	0
	0
	0
	CSID4445121

	2.42_891.2330
	0
	0
	0
	0
	CSID163248

	2.09_711.1395
	694.0536
	760.39274
	618.63529
	657.37728
	CSID30777604

	2.72_1031.2433
	0
	0
	0
	0
	CSID22912767

	1.75_831.2130
	0
	0
	0
	0
	CSID97088

	1.30_515.1189
	29.76083
	47.246472
	33.066398
	27.031872
	CSID22912767

	1.92_775.1524
	0
	0
	0
	1.9355618
	CSID30777654

	2.30_989.2149
	0
	0
	0
	0
	CSID30777598

	1.47_815.1960
	0
	0
	0
	0
	CSID388383

	1.98_391.1384
	32.48859
	17.500458
	7.0334803
	1.2753402
	CSID13701

	1.70_711.1382
	154.0435
	165.05794
	142.11749
	180.59991
	CSID30777604

	1.22_339.0726
	630.2215
	728.04833
	621.36648
	679.343
	CSID30777618

	0.43_337.0567
	13.54692
	2.5707218
	9.1447928
	4.0696658
	CSID30777604

	2.33_511.1394
	0
	1.7741013
	1.0703662
	0
	CSID553829

	2.29_365.1028
	2.577372
	10.96468
	0
	0
	CSID238

	1.42_417.1196
	0.024947
	1.3640521
	0.5162281
	1.1933271
	CSID30777624

	1.54_923.2223
	0
	0
	0
	0
	CSID4445121

	0.39_244.0370
	95.33631
	94.942308
	98.442352
	93.985167
	CSID25941971

	1.30_243.0654
	1.447651
	3.9528964
	0.2650809
	1.2647039
	CSID238

	1.52_339.0712
	6.83016
	2.2044819
	8.8400206
	7.2350123
	CSID30777618

	1.30_271.0616
	0
	0.7784946
	0
	0
	CSID388383

	1.78_599.1187
	41.49939
	48.396804
	33.601018
	43.241808
	CSID4445122

	2.49_387.1072
	6.740069
	10.258119
	4.3939889
	7.4727964
	CSID689

	1.44_743.2020
	0.050046
	0
	0
	0
	CSID165080

	0.62_809.1484
	169.6765
	211.90876
	195.12715
	208.28833
	CSID4444448

	1.97_489.1039
	0
	0
	0
	0
	CSID30777632

	1.52_475.0876
	0
	0
	0
	0
	CSID34552925





	RT & m/z
	Alex0001
	Alexs0002
	Alex0003
	Alex0004
	Accepted ID

	1.76_915.1610
	0
	0
	0
	0
	CSID58575

	1.31_145.0290
	0
	0
	0
	0
	CSID553148

	1.31_367.1044
	2.564498
	3.7554008
	4.2084674
	0.9495237
	CSID8309124

	1.47_607.1828
	0
	0
	0
	0
	CSID24842580

	0.35_303.0871
	82.6364
	69.211305
	66.466241
	72.459999
	CSID13860434

	1.36_193.0502
	39.6371
	50.616557
	38.380157
	37.842285
	CSID689

	1.56_269.0822
	0.110553
	0
	0
	0
	CSID10211379

	1.32_607.1831
	0
	0
	0
	0
	CSID24842580

	1.89_835.2417
	0
	0
	0
	0
	CSID30777624

	2.34_863.2021
	0
	0
	0
	0
	CSID35015223

	1.79_595.0905
	6.585256
	2.6637086
	5.1494263
	3.3074356
	CSID4445092

	1.50_707.1811
	7300.83
	9311.2133
	8118.0264
	9205.2803
	CSID1405788

	2.02_415.1033
	0.296069
	0.1290761
	0.2130017
	0.907679
	CSID97088

	1.64_477.1017
	0.903905
	0
	0
	2.2384249
	CSID4477169

	1.17_161.0239
	33.5421
	59.125303
	20.678356
	36.884118
	CSID600426

	1.20_197.0447
	0
	0
	0
	0
	CSID12693

	2.00_775.1479
	0
	0
	0
	0
	CSID30777654

	1.91_119.0496
	0
	0
	0
	0
	CSID9964

	1.90_163.0393
	0
	0
	0
	0
	CSID553148

	2.08_707.1815
	0.868275
	5.641188
	6.2540519
	0.013386
	CSID1405788

	2.01_467.0966
	0
	0.8246625
	0
	0
	CSID28477210

	2.06_923.2236
	0
	0
	0
	0
	CSID4445121

	0.38_483.1825
	0.126859
	0
	3.5982065
	0
	CSID82594

	2.73_835.2417
	0
	0
	0
	0
	CSID30777624

	0.48_355.0673
	1.439438
	0
	1.0486207
	0.8661331
	CSID30777604

	0.39_501.1036
	19.56519
	18.765698
	16.174995
	23.900921
	CSID8089617

	0.52_263.0342
	7.017884
	10.339881
	5.4308242
	10.082799
	CSID4445117

	1.28_627.1496
	0
	1.59967
	0
	0
	CSID4445094

	1.59_739.2057
	0
	0
	0
	1.6873339
	CSID57579554

	2.19_895.1953
	0
	0
	0
	0
	CSID29341798

	0.39_735.2126
	0
	0
	0
	0
	CSID10392638

	0.68_863.2015
	0
	0
	0
	0
	CSID35015223

	0.83_371.0984
	1036.197
	1159.5929
	988.80236
	1158.0257
	CSID165080

	1.86_297.0758
	0.945943
	3.2787223
	0.2658183
	0
	CSID24842912

	1.12_449.1085
	0.083991
	3.0427786
	0
	1.1333998
	CSID8065632

	1.87_743.2022
	0
	0
	0
	0
	CSID165080

	1.28_625.1403
	0
	0
	0
	0
	CSID4478806

	1.97_603.2252
	7.28974
	2.421975
	3.1266375
	1.5676484
	CSID30777589

	2.02_891.2341
	0
	0
	0
	0
	CSID163248

	0.43_675.1948
	8.693553
	0.5570784
	3.2258088
	1.0308329
	CSID4945466






	RT & m/z
	Alex0001
	Alexs0002
	Alex0003
	Alex0004
	Accepted ID

	1.35_417.0833
	58.76529
	55.011027
	73.892318
	80.667391
	CSID9857888

	1.89_161.0236
	16.17224
	17.484028
	20.730559
	23.390776
	CSID600426

	0.40_959.3157
	9.729094
	3.3699925
	7.8295508
	7.4603264
	CSID390957

	0.45_537.1026
	102.7145
	104.51724
	90.093911
	96.559642
	CSID4945655

	0.88_611.1390
	241.6203
	271.99645
	256.12549
	233.79424
	CSID65231

	2.12_515.1177
	31.17645
	46.673592
	37.07595
	26.950312
	CSID22912767

	1.06_497.1077
	6.986469
	1.3899423
	5.5384749
	2.3340541
	CSID22912767

	0.33_503.2270
	5.498295
	5.7151244
	10.835963
	12.829355
	CSID16039

	2.27_193.0497
	23.71718
	27.62315
	28.754689
	24.216895
	CSID689

	0.62_539.1714
	6.938578
	4.7611413
	2.3802012
	5.9839834
	CSID10211379

	1.77_357.1340
	0.632603
	1.5087113
	2.4181653
	1.0503226
	CSID106491

	2.34_373.1289
	0.787392
	0.566561
	0
	0
	CSID59696173

	0.98_358.0893
	2.823892
	1.7004045
	4.6499118
	5.1568792
	CSID30777618

	1.35_815.2009
	0
	0
	0
	0
	CSID388383

	0.35_289.0717
	17.24301
	16.989693
	12.013181
	15.257831
	CSID65230

	0.40_455.1508
	0.070256
	1.8447444
	2.6685733
	0.9866685
	CSID392875

	0.93_577.1350
	0
	0
	0
	0
	CSID109417

	1.46_242.0499
	198.6296
	246.87382
	210.28397
	263.50829
	CSID28477210

	2.56_445.0775
	24.1522
	32.324658
	19.90431
	33.449746
	CSID13083403

	2.07_515.1180
	1.635489
	14.52874
	9.6908466
	11.16748
	CSID22912767

	1.62_863.1787
	21.71859
	31.146193
	26.184547
	31.321989
	CSID389606

	1.36_515.1178
	15.77988
	6.9688643
	7.6091383
	10.691323
	CSID22912767

	0.67_253.0493
	85.34597
	85.694416
	71.776894
	88.427418
	CSID388383

	2.22_399.1081
	0
	0
	0
	0
	CSID30777624

	1.87_417.0829
	2.228926
	5.9401283
	3.5428963
	0.4042085
	CSID9857888

	0.71_495.1120
	72.28352
	69.923524
	62.285148
	68.869524
	CSID30777594

	0.63_497.1096
	224.0325
	236.63385
	212.08196
	257.97702
	CSID22912767

	1.69_603.1022
	0.716187
	0
	3.1251146
	0
	CSID30777628

	1.75_415.1050
	5.138981
	2.1181155
	2.513509
	0.472962
	CSID97088

	1.86_485.1069
	3.015504
	7.3935498
	4.7109704
	5.1562515
	CSID28477210

	1.79_417.1211
	0
	1.4473033
	0
	0
	CSID30777624

	0.50_895.1975
	15.94193
	11.224703
	17.105364
	14.193446
	CSID29341798

	2.23_515.1177
	0
	1.7558551
	6.4184909
	0.327418
	CSID22912767

	1.64_829.2379
	0
	0
	0
	0
	CSID9753486

	2.96_857.3551
	0.8358
	0
	0
	0
	CSID28481156

	2.21_1003.2144
	0
	0
	0
	0
	CSID8089617

	2.29_863.2895
	0
	0
	0
	0
	CSID28554480

	2.00_899.1796
	0
	0
	0
	0
	CSID4445122


  















Tab.A2-001 Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the Alexander extract compared to blanks.


	RT &m/z
	Nettle0001
	Nettle0002
	Nettle0003
	Nettle0004
	Accepted ID

	2.33_399.1085
	0.19992974
	0.228158261
	0
	0
	CSID30777624

	1.88_339.1225
	3.030583868
	3.065445102
	0
	0
	CSID106491

	1.72_609.1456
	0.727579486
	0.480770902
	3.377448642
	1.79696188
	CSID4444362

	0.43_367.1051
	12.24529442
	12.69848888
	8.61178636
	13.1800126
	CSID8309124

	1.82_489.1041
	6.75295739
	7.703270227
	5.758155069
	7.13394041
	CSID30777632

	1.61_367.1026
	1390.702684
	1270.251408
	1420.728743
	1392.58042
	CSID8309124

	1.42_579.1713
	0
	0
	0
	0
	CSID390868

	2.14_445.0793
	0
	0
	0
	0
	CSID13083403

	2.53_545.1640
	0
	0
	0
	0
	CSID1675

	2.00_591.1705
	0
	0
	0
	0
	CSID10176

	1.92_516.1267
	0
	0
	4.06E-05
	0
	CSID4445093

	2.48_707.1806
	0
	0.753058278
	7.891172576
	2.5845798
	CSID1405788

	1.79_923.2217
	0
	0
	0
	0
	CSID4445121

	2.42_891.2330
	0
	0
	0
	0
	CSID163248

	2.09_711.1395
	257.1764401
	276.1717323
	300.091048
	281.940601
	CSID30777604

	2.72_1031.2433
	0
	0
	0
	0
	CSID22912767

	1.75_831.2130
	0.823703988
	0
	2.481585942
	0
	CSID97088

	1.30_515.1189
	51.16924258
	73.92234786
	81.04910282
	75.8882569
	CSID22912767

	1.92_775.1524
	0
	0
	0
	0
	CSID30777654

	2.30_989.2149
	0
	0
	0
	0
	CSID30777598

	1.47_815.1960
	0
	0
	0
	0
	CSID388383

	1.98_391.1384
	0.56164582
	0.368661603
	0.497424239
	1.50138463
	CSID13701

	1.70_711.1382
	0.089412598
	1.363565617
	0
	3.96002552
	CSID30777604

	1.22_339.0726
	1833.204301
	1691.87587
	1803.186069
	1744.48112
	CSID30777618

	0.43_337.0567
	28.62301534
	30.73056105
	32.78077408
	31.3220177
	CSID30777604

	2.33_511.1394
	2.340951549
	1.712487058
	0.848760937
	0.12185682
	CSID553829

	2.29_365.1028
	0.777378886
	0
	0
	0.26462338
	CSID238

	1.42_417.1196
	0
	0
	0
	0
	CSID30777624

	1.54_923.2223
	0
	0
	0
	0
	CSID4445121

	0.39_244.0370
	108.8655248
	119.415372
	119.2828604
	102.589098
	CSID25941971

	1.30_243.0654
	0.547383302
	0
	0
	0
	CSID238

	1.52_339.0712
	240.4658946
	232.9194111
	173.2685329
	249.156471
	CSID30777618

	1.30_271.0616
	0.005603375
	0.033102574
	0
	0
	CSID388383

	1.78_599.1187
	4.381530052
	28.50414664
	0
	15.5431767
	CSID4445122

	2.49_387.1072
	0
	1.273557846
	0
	1.22931518
	CSID689

	1.44_743.2020
	0
	0.124375138
	0
	0
	CSID165080

	0.62_809.1484
	0
	0
	0
	0
	CSID4444448

	1.97_489.1039
	27.466368
	33.36498606
	39.76608342
	30.797104
	CSID30777632



  
























	RT &m/z
	Nettle0001
	Nettle0002
	Nettle0003
	Nettle0004
	Accepted ID

	1.76_915.1610
	0
	0
	0
	0
	CSID58575

	1.31_145.0290
	6.872696837
	5.196950609
	3.716270277
	4.29724552
	CSID553148

	1.31_367.1044
	2.874108622
	0.038411014
	0.094491304
	1.85497714
	CSID8309124

	1.47_607.1828
	39.46386712
	20.01592666
	43.68450977
	49.7526172
	CSID24842580

	0.35_303.0871
	245.6895302
	234.1149667
	256.3352315
	210.183887
	CSID13860434

	1.36_193.0502
	2.876280525
	6.655405234
	3.735728512
	3.5695808
	CSID689

	1.56_269.0822
	0
	1.647162167
	3.170511053
	3.35621592
	CSID10211379

	1.32_607.1831
	3.703438873
	1.842609033
	5.958506639
	2.53801875
	CSID24842580

	1.89_835.2417
	0
	0
	0
	0
	CSID30777624

	2.34_863.2021
	0
	0
	0
	0
	CSID35015223

	1.79_595.0905
	532.8396348
	519.1777982
	544.5591328
	565.415491
	CSID4445092

	1.50_707.1811
	9626.540969
	9615.854134
	10767.21784
	10447.3965
	CSID1405788

	2.02_415.1033
	11.22089499
	14.62260512
	8.148392747
	8.30552964
	CSID97088

	1.64_477.1017
	2.030908189
	5.9755412
	1.791686743
	14.3916026
	CSID4477169

	1.17_161.0239
	0.387263405
	2.069337706
	2.132552665
	2.16273916
	CSID600426

	1.20_197.0447
	0
	0
	0
	0.33943732
	CSID12693

	2.00_775.1479
	2.968088398
	0
	0
	0.92296402
	CSID30777654

	1.91_119.0496
	28.17443394
	25.4110361
	1.150791234
	21.1334265
	CSID9964

	1.90_163.0393
	2.07368893
	2.117937135
	0
	0.92625906
	CSID553148

	2.08_707.1815
	1.47936298
	1.47953309
	0.594591074
	2.51897634
	CSID1405788

	2.01_467.0966
	0
	0.022170555
	0.407049279
	0
	CSID28477210

	2.06_923.2236
	2.604017033
	7.632064079
	0.645919508
	3.58836963
	CSID4445121

	0.38_483.1825
	0.017711684
	5.989122318
	0
	0
	CSID82594

	2.73_835.2417
	0
	0.442963346
	0.060629229
	2.51515515
	CSID30777624

	0.48_355.0673
	38.48534277
	30.8766193
	55.19706589
	42.6628906
	CSID30777604

	0.39_501.1036
	14.89576065
	20.14326451
	9.239821302
	19.1898177
	CSID8089617

	0.52_263.0342
	192.3142133
	185.9206804
	201.6312246
	181.60263
	CSID4445117

	1.28_627.1496
	4.858695513
	3.576220461
	12.25865118
	4.24658072
	CSID4445094

	1.59_739.2057
	0
	0
	1.530103731
	0.01662465
	CSID57579554

	2.19_895.1953
	0
	0
	0
	0
	CSID29341798

	0.39_735.2126
	0.494991954
	1.941519455
	0.724028628
	1.50931109
	CSID10392638

	0.68_863.2015
	0
	0
	0
	0
	CSID35015223

	0.83_371.0984
	65.8263203
	85.33507945
	98.93914534
	98.2765496
	CSID165080

	1.86_297.0758
	0.69952946
	0.62528679
	1.695694745
	0.38062894
	CSID24842912

	1.12_449.1085
	0
	0
	0
	0
	CSID8065632

	1.87_743.2022
	0
	0
	0
	0
	CSID165080

	1.28_625.1403
	21.87978089
	22.80971777
	26.67783585
	14.8083852
	CSID4478806

	1.97_603.2252
	0
	0
	0
	0
	CSID30777589

	2.02_891.2341
	0
	0
	0.107442605
	0
	CSID163248

	0.43_675.1948
	0.250534237
	3.811707214
	4.459069132
	0
	CSID4945466






	RT &m/z
	Nettle0001
	Nettle0002
	Nettle0003
	Nettle0004
	Accepted ID

	1.35_417.0833
	2.352606278
	6.225758554
	3.864559204
	9.26387649
	CSID9857888

	1.89_161.0236
	48.96580381
	51.32137984
	31.23508519
	58.9103519
	CSID600426

	0.40_959.3157
	0
	0
	0
	0
	CSID390957

	0.45_537.1026
	122.4711602
	124.687516
	139.2898091
	108.743929
	CSID4945655

	0.88_611.1390
	114.7563753
	147.6265517
	138.6043546
	140.838621
	CSID65231

	2.12_515.1177
	18.69822699
	19.94288271
	23.23000523
	28.5046694
	CSID22912767

	1.06_497.1077
	118.9654199
	21.85311166
	25.94453925
	0.97064835
	CSID22912767

	0.33_503.2270
	41.53541881
	37.77106261
	36.5211905
	35.7701492
	CSID16039

	2.27_193.0497
	326.0191302
	337.7071668
	316.6126178
	334.970198
	CSID689

	0.62_539.1714
	0.000527288
	0.415882904
	1.279833973
	3.72517662
	CSID10211379

	1.77_357.1340
	0
	0
	0
	0
	CSID106491

	2.34_373.1289
	0
	0
	0
	0
	CSID59696173

	0.98_358.0893
	1.867983003
	0
	0
	0.00342542
	CSID30777618

	1.35_815.2009
	0
	0
	0
	0
	CSID388383

	0.35_289.0717
	56.45031749
	49.95664466
	58.91087258
	48.8896343
	CSID65230

	0.40_455.1508
	0.543411965
	0.594189041
	1.413081363
	1.47288319
	CSID392875

	0.93_577.1350
	0
	0
	0
	0
	CSID109417

	1.46_242.0499
	0
	0
	0
	0
	CSID28477210

	2.56_445.0775
	0
	0
	0
	0
	CSID13083403

	2.07_515.1180
	2.061552628
	4.403020165
	1.449268521
	1.15569686
	CSID22912767

	1.62_863.1787
	0
	0
	0
	0
	CSID389606

	1.36_515.1178
	85.12681616
	134.0785633
	11.35730041
	70.8929522
	CSID22912767

	0.67_253.0493
	0
	0
	0
	0
	CSID388383

	2.22_399.1081
	0
	0.991618898
	0
	0
	CSID30777624

	1.87_417.0829
	0.829670885
	5.799260311
	0
	0.84453048
	CSID9857888

	0.71_495.1120
	37.94430606
	32.3924285
	40.50684432
	42.0253931
	CSID30777594

	0.63_497.1096
	281.4103821
	258.4813113
	307.0368862
	281.72553
	CSID22912767

	1.69_603.1022
	0.000149546
	0.020671437
	0
	0
	CSID30777628

	1.75_415.1050
	5.463243883
	4.472371129
	4.645561265
	3.05773657
	CSID97088

	1.86_485.1069
	1.405918294
	0
	0
	0
	CSID28477210

	1.79_417.1211
	0
	0
	0
	0
	CSID30777624

	0.50_895.1975
	0
	0
	0
	0
	CSID29341798

	2.23_515.1177
	5.33135288
	0
	5.602111941
	7.46374455
	CSID22912767

	1.64_829.2379
	0
	0
	0
	0
	CSID9753486

	2.96_857.3551
	0
	0
	0
	0
	CSID28481156

	2.21_1003.2144
	0
	0
	0
	0
	CSID8089617

	2.29_863.2895
	0
	0
	0
	0
	CSID28554480

	2.00_899.1796
	0
	0
	0
	0
	CSID4445122



Tab.A2-002 Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the Nettle extract compared to blanks.


	RT & m/z
	WG0001
	WG0002
	WG0003
	WG0004
	Accepted  ID

	2.33_399.1085
	0
	0
	0
	0
	CSID30777624

	1.88_339.1225
	0
	0
	0
	0
	CSID106491

	1.72_609.1456
	33.82946259
	43.9491138
	34.3253594
	58.76006738
	CSID4444362

	0.43_367.1051
	100.378535
	152.0214785
	149.423514
	176.9465951
	CSID8309124

	1.82_489.1041
	24.88245124
	8.613900699
	5.09780784
	6.634456519
	CSID30777632

	1.61_367.1026
	58.47048069
	73.70380879
	91.7299251
	87.17716553
	CSID8309124

	1.42_579.1713
	0
	1.783721916
	0
	1.019612114
	CSID390868

	2.14_445.0793
	0
	0
	0
	0
	CSID13083403

	2.53_545.1640
	0
	0
	0
	0
	CSID1675

	2.00_591.1705
	0.048773764
	0.735338192
	0.16486879
	0.310065078
	CSID10176

	1.92_516.1267
	0
	0.09253421
	0
	0
	CSID4445093

	2.48_707.1806
	0
	0
	0
	0
	CSID1405788

	1.79_923.2217
	0
	0
	0
	0
	CSID4445121

	2.42_891.2330
	0
	0
	0
	0
	CSID163248

	2.09_711.1395
	0
	0
	0
	0
	CSID30777604

	2.72_1031.2433
	0
	0
	0
	0
	CSID22912767

	1.75_831.2130
	0.431330189
	0
	0
	1.198993824
	CSID97088

	1.30_515.1189
	0
	0
	0
	0
	CSID22912767

	1.92_775.1524
	0
	0
	0
	0
	CSID30777654

	2.30_989.2149
	10.43969107
	0.78938176
	0.68373363
	1.817634321
	CSID30777598

	1.47_815.1960
	1.404019979
	0
	0
	0
	CSID388383

	1.98_391.1384
	0
	0
	0
	0
	CSID13701

	1.70_711.1382
	0
	0
	0
	0
	CSID30777604

	1.22_339.0726
	2.245123943
	0
	0.08302805
	0.690993364
	CSID30777618

	0.43_337.0567
	0
	0
	0
	0
	CSID30777604

	2.33_511.1394
	0
	0
	0
	0.726276547
	CSID553829

	2.29_365.1028
	0
	0.039028764
	1.00423124
	0
	CSID238

	1.42_417.1196
	0.288455617
	0
	0
	0
	CSID30777624

	1.54_923.2223
	0
	0
	0
	0
	CSID4445121

	0.39_244.0370
	40.56678985
	35.05409385
	41.7367328
	43.49449507
	CSID25941971

	1.30_243.0654
	0.307865224
	0
	0
	0
	CSID238

	1.52_339.0712
	0.000129234
	0.420835353
	0.0009429
	0
	CSID30777618

	1.30_271.0616
	0.28568707
	2.073097352
	0
	0.388786763
	CSID388383

	1.78_599.1187
	0
	0
	0
	0
	CSID4445122

	2.49_387.1072
	0.040583575
	0
	0
	0
	CSID689

	1.44_743.2020
	0
	0
	0
	0
	CSID165080

	0.62_809.1484
	17.46937647
	23.02848322
	19.1535163
	25.32247779
	CSID4444448

	1.97_489.1039
	527.144493
	723.5360101
	694.006263
	803.9268043
	CSID30777632

	1.52_475.0876
	1.088963048
	0.560522631
	1.19857183
	0.130035724
	CSID34552925





	RT & m/z
	WG0001
	WG0002
	WG0003
	WG0004
	Accepted  ID

	1.76_915.1610
	15.60891426
	10.94453566
	5.06494452
	5.732321483
	CSID58575

	1.31_145.0290
	799.0201773
	1035.073496
	1034.13482
	1102.882746
	CSID553148

	1.31_367.1044
	2540.350964
	3273.698997
	3285.62745
	3787.009762
	CSID8309124

	1.47_607.1828
	0
	0
	0
	0
	CSID24842580

	0.35_303.0871
	19.68993931
	43.36284353
	41.5046537
	30.21131938
	CSID13860434

	1.36_193.0502
	9.525035787
	11.04906917
	8.53932809
	10.27782403
	CSID689

	1.56_269.0822
	0
	0
	0
	0
	CSID10211379

	1.32_607.1831
	0
	0
	0
	0
	CSID24842580

	1.89_835.2417
	0
	0
	0
	0
	CSID30777624

	2.34_863.2021
	0
	0
	0
	0
	CSID35015223

	1.79_595.0905
	1.547496708
	1.965367795
	1.95836662
	2.847580495
	CSID4445092

	1.50_707.1811
	0.034049294
	0.511548899
	0.28835456
	2.180997066
	CSID1405788

	2.02_415.1033
	0
	0
	0
	0
	CSID97088

	1.64_477.1017
	0.038505145
	0
	0
	0
	CSID4477169

	1.17_161.0239
	0.892510584
	0
	0
	0.919800589
	CSID600426

	1.20_197.0447
	0
	0
	0
	0
	CSID12693

	2.00_775.1479
	0
	0
	0
	0
	CSID30777654

	1.91_119.0496
	14.1162779
	24.36938238
	20.7690653
	24.19983318
	CSID9964

	1.90_163.0393
	7.884877503
	6.060099796
	6.41998047
	11.95716381
	CSID553148

	2.08_707.1815
	0
	0
	0
	0
	CSID1405788

	2.01_467.0966
	25.71895682
	28.89699838
	33.6010728
	43.38848224
	CSID28477210

	2.06_923.2236
	384.1496743
	476.6847236
	548.128167
	568.6441012
	CSID4445121

	0.38_483.1825
	0
	0.241416167
	0
	0
	CSID82594

	2.73_835.2417
	0
	0
	0.00038749
	0
	CSID30777624

	0.48_355.0673
	22.60310443
	17.68319234
	14.1498373
	25.03299548
	CSID30777604

	0.39_501.1036
	5.647509672
	8.86314406
	8.91385551
	7.862906368
	CSID8089617

	0.52_263.0342
	222.5673876
	308.9607159
	310.601551
	336.6717055
	CSID4445117

	1.28_627.1496
	13.35927674
	13.21953584
	14.0704313
	11.89954275
	CSID4445094

	1.59_739.2057
	0
	1.045716571
	0
	0
	CSID57579554

	2.19_895.1953
	0
	0
	0
	0
	CSID29341798

	0.39_735.2126
	1.093093455
	2.010517357
	0.03891385
	0.749792753
	CSID10392638

	0.68_863.2015
	11.18818944
	6.507313935
	10.1815856
	3.249632223
	CSID35015223

	0.83_371.0984
	1.825084381
	1.402479845
	4.27219602
	3.094564257
	CSID165080

	1.86_297.0758
	0
	0
	0
	0
	CSID24842912

	1.12_449.1085
	0.764621415
	0
	4.60114829
	4.566157206
	CSID8065632

	1.87_743.2022
	0
	0
	0
	0
	CSID165080

	1.28_625.1403
	3.569472688
	3.241589397
	0.88698656
	0.068276331
	CSID4478806

	1.97_603.2252
	0
	0
	0
	0
	CSID30777589

	2.02_891.2341
	0
	0
	0
	0
	CSID163248

	0.43_675.1948
	5.182133013
	11.26863938
	7.86646551
	5.620869862
	CSID4945466



	RT & m/z
	WG0001
	WG0002
	WG0003
	WG0004
	Accepted  ID

	1.35_417.0833
	3.368188656
	0.782917301
	1.06541025
	2.310946799
	CSID9857888

	1.89_161.0236
	0
	0
	0
	0
	CSID600426

	0.40_959.3157
	3.101952986
	0
	0
	0
	CSID390957

	0.45_537.1026
	4.925026592
	7.094930806
	5.69508027
	7.192759561
	CSID4945655

	0.88_611.1390
	0
	0
	0
	0
	CSID65231

	2.12_515.1177
	1.469657151
	0
	1.17207232
	0
	CSID22912767

	1.06_497.1077
	0
	1.036406717
	0.14902115
	0.585825494
	CSID22912767

	0.33_503.2270
	4.450357796
	3.61059225
	4.48506403
	1.471686836
	CSID16039

	2.27_193.0497
	0
	0
	0
	0
	CSID689

	0.62_539.1714
	0.220648016
	0.480895547
	0.42695656
	0.943984865
	CSID10211379

	1.77_357.1340
	2.319784763
	1.556551277
	2.34545732
	2.112017253
	CSID106491

	2.34_373.1289
	0
	0
	0
	0
	CSID59696173

	0.98_358.0893n
	76.15110213
	101.7449829
	99.6788887
	118.0950542
	CSID30777618

	1.35_815.2009
	0.524008239
	0
	0
	0.190408566
	CSID388383

	0.35_289.0717
	3.138820021
	6.932578567
	1.97477744
	5.820519882
	CSID65230

	0.40_455.1508
	0
	0
	0.00082155
	0
	CSID392875

	0.93_577.1350
	0
	0
	0
	0
	CSID109417

	1.46_242.0499
	0
	0
	0
	0
	CSID28477210

	2.56_445.0775
	0.004427065
	0
	0
	0
	CSID13083403

	2.07_515.1180
	0
	0
	0
	0
	CSID22912767

	1.62_863.1787
	44.45840051
	51.53027423
	53.0641705
	68.16409136
	CSID389606

	1.36_515.1178
	0
	0
	0
	0
	CSID22912767

	0.67_253.0493
	0
	0
	0
	0
	CSID388383

	2.22_399.1081
	0
	0
	0
	0
	CSID30777624

	1.87_417.0829
	0
	0
	0
	0
	CSID9857888

	0.71_495.1120
	48.34087038
	80.33481128
	72.8407137
	83.40145915
	CSID30777594

	0.63_497.1096
	8.855953237
	17.61641837
	10.7486269
	20.33035543
	CSID22912767

	1.69_603.1022
	0.824553699
	0.061709111
	0
	0.429416815
	CSID30777628

	1.75_415.1050
	0
	0
	0
	0
	CSID97088

	1.86_485.1069
	0.071670507
	0.004494942
	0.00169284
	0.21055094
	CSID28477210

	1.79_417.1211
	0
	0
	0
	0
	CSID30777624

	0.50_895.1975
	0
	2.607793558
	7.5056047
	2.56421912
	CSID29341798

	2.23_515.1177
	0
	0
	0
	0
	CSID22912767

	1.64_829.2379
	0
	0
	0
	0
	CSID9753486

	2.96_857.3551
	0
	0
	0
	0
	CSID28481156

	2.21_1003.2144
	0
	0
	0
	0
	CSID8089617

	2.29_863.2895
	0
	0
	0.00307022
	0
	CSID28554480

	2.00_899.1796
	0
	0
	0
	0
	CSID4445122



Tab.A2-003 Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the Wild Garlic leaf extract compared to blanks.


	 RT & m/z
	GF0001
	GF0002
	GF0003
	GF0004
	Accepted  ID

	2.33_399.1085
	3.18052658
	0.890618305
	0.157933924
	2.190945693
	CSID30777624

	1.88_339.1225
	75.61128675
	73.58153093
	73.82344474
	65.36198178
	CSID106491

	1.72_609.1456
	163.3512641
	110.8153422
	109.1027107
	84.14881657
	CSID4444362

	0.43_367.1051
	296.4719031
	341.774616
	311.2559384
	306.066042
	CSID8309124

	1.82_489.1041
	183.0030831
	200.9615125
	193.4421859
	216.192312
	CSID30777632

	1.61_367.1026
	0
	0.745232523
	0.260791112
	0
	CSID8309124

	1.42_579.1713
	500.4942033
	507.0120737
	16.34398127
	17.54456764
	CSID390868

	2.14_445.0793
	100.443679
	107.9646286
	115.0500998
	257.7258509
	CSID13083403

	2.53_545.1640
	0.221778473
	2.901720667
	3.179417262
	1.076155985
	CSID1675

	2.00_591.1705
	30.53528159
	29.93232161
	41.80793333
	26.34337714
	CSID10176

	1.92_516.1267
	74.9057732
	75.35708016
	78.71390767
	70.76034541
	CSID4445093

	2.48_707.1806
	183.9372338
	146.4120321
	172.0040985
	179.9298402
	CSID1405788

	1.79_923.2217
	26.18998498
	31.73656999
	23.34806214
	2.911835161
	CSID4445121

	2.42_891.2330
	663.8601375
	658.6399202
	606.0407211
	626.8376972
	CSID163248

	2.09_711.1395
	767.291778
	782.2298751
	774.1589041
	743.9634193
	CSID30777604

	2.72_1031.2433
	1103.277048
	770.4505344
	823.091388
	107.3051491
	CSID22912767

	1.75_831.2130
	1430.189866
	1381.917643
	1497.483509
	239.0146531
	CSID97088

	1.30_515.1189
	143.1052215
	136.9661283
	0
	4.985123589
	CSID22912767

	1.92_775.1524
	0.018496643
	0
	0.795688557
	0.510556969
	CSID30777654

	2.30_989.2149
	284.9268885
	242.9227974
	264.8838891
	286.5205169
	CSID30777598

	1.47_815.1960
	4.874595562
	2.43833724
	106.6913053
	104.9544115
	CSID388383

	1.98_391.1384
	0
	0
	0
	0
	CSID13701

	1.70_711.1382
	93.90719036
	83.67767628
	89.78334846
	91.06093462
	CSID30777604

	1.22_339.0726
	14.09045729
	15.96949637
	6.755405756
	11.8616358
	CSID30777618

	0.43_337.0567
	17.8823562
	17.98992908
	13.86700227
	15.6916042
	CSID30777604

	2.33_511.1394
	188.4988174
	282.7255221
	65.82833494
	118.7995221
	CSID553829

	2.29_365.1028
	0
	0
	0.193284817
	0.056262997
	CSID238

	1.42_417.1196
	1458.495412
	1490.953305
	8.882419693
	5.27882233
	CSID30777624

	1.54_923.2223
	32.51001615
	39.79384964
	4.07596971
	0.75451387
	CSID4445121

	0.39_244.0370
	29.14486429
	26.54697239
	17.79261113
	22.27442022
	CSID25941971

	1.30_243.0654
	513.2551178
	530.4372672
	2.35934326
	96.12834897
	CSID238

	1.52_339.0712
	6.046386892
	7.709963891
	3.701190423
	7.966692623
	CSID30777618

	1.30_271.0616
	1806.614208
	1865.175074
	1672.103627
	1555.287667
	CSID388383

	1.78_599.1187
	0
	1.738979979
	0
	0
	CSID4445122

	2.49_387.1072
	0
	0
	0
	0
	CSID689

	1.44_743.2020
	2.599936171
	2.534746548
	12.17342855
	47.55532147
	CSID165080

	0.62_809.1484
	0
	0
	0
	2.386974797
	CSID4444448

	1.97_489.1039
	136.2573446
	148.8237209
	80.90992891
	106.6689243
	CSID30777632

	1.52_475.0876
	48.7053793
	45.45862233
	42.42501375
	54.97131528
	CSID34552925






	 RT & m/z
	GF0001
	GF0002
	GF0003
	GF0004
	Accepted  ID

	1.76_915.1610
	66.70786582
	22.56802697
	17.01307339
	63.41496051
	CSID58575

	1.31_145.0290
	0
	0
	0
	0
	CSID553148

	1.31_367.1044
	1.938079317
	0.528245363
	1.848448456
	1.171340296
	CSID8309124

	1.47_607.1828
	25.53063985
	19.35498512
	4.550392396
	0.676981897
	CSID24842580

	0.35_303.0871
	19.98316892
	20.82192116
	19.26611715
	24.34668231
	CSID13860434

	1.36_193.0502
	1041.389359
	1071.618198
	29.68187543
	16.25619607
	CSID689

	1.56_269.0822
	375.0389435
	386.7227056
	370.1379294
	370.4624573
	CSID10211379

	1.32_607.1831
	23.20449329
	23.04539254
	1.384499018
	0.581905051
	CSID24842580

	1.89_835.2417
	322.1501577
	286.7988892
	266.6757016
	205.1055044
	CSID30777624

	2.34_863.2021
	7.888015512
	3.57963754
	0
	0.487546506
	CSID35015223

	1.79_595.0905
	0.064798192
	1.328706337
	2.197324812
	3.141514492
	CSID4445092

	1.50_707.1811
	25.56844262
	37.00550189
	83.90551942
	59.2859068
	CSID1405788

	2.02_415.1033
	1269.618806
	1197.665608
	1207.473262
	1193.645115
	CSID97088

	1.64_477.1017
	8.663562047
	10.85424005
	13.45465264
	12.88579335
	CSID4477169

	1.17_161.0239
	0
	0
	0.9017998
	0
	CSID600426

	1.20_197.0447
	0
	0
	0
	0
	CSID12693

	2.00_775.1479
	0
	1.061002737
	0
	1.375713189
	CSID30777654

	1.91_119.0496
	228.3032651
	220.704747
	201.5531428
	182.4337145
	CSID9964

	1.90_163.0393
	41.03048827
	41.4229895
	40.14340082
	34.73750375
	CSID553148

	2.08_707.1815
	116.0474551
	96.08025348
	115.6123303
	119.2613283
	CSID1405788

	2.01_467.0966
	0
	1.081585908
	0.814204466
	2.872562923
	CSID28477210

	2.06_923.2236
	8095.082335
	7999.428192
	7559.131517
	7850.982146
	CSID4445121

	0.38_483.1825
	19.76259949
	10.92468763
	13.54361089
	15.9445752
	CSID82594

	2.73_835.2417
	373.6008178
	286.0048516
	285.0356201
	747.4635757
	CSID30777624

	0.48_355.0673
	6.273623761
	5.398525584
	3.791454513
	3.514909474
	CSID30777604

	0.39_501.1036
	3.615477336
	7.52745646
	3.711484534
	3.529696199
	CSID8089617

	0.52_263.0342
	3.441545303
	5.471482712
	5.104509556
	2.650326948
	CSID4445117

	1.28_627.1496
	56.45289646
	52.52263127
	165.9088324
	194.6872382
	CSID4445094

	1.59_739.2057
	87.86550476
	84.47948294
	75.48479736
	84.16759844
	CSID57579554

	2.19_895.1953
	63.41249597
	63.25768716
	72.00697495
	138.8484005
	CSID29341798

	0.39_735.2126
	0
	0
	0
	0.155416607
	CSID10392638

	0.68_863.2015
	0
	0
	0
	0.787765418
	CSID35015223

	0.83_371.0984
	1.106794025
	0
	0.941870078
	0.496384982
	CSID165080

	1.86_297.0758
	464.3698721
	456.5764455
	427.0109382
	483.6656151
	CSID24842912

	1.12_449.1085
	942.9903356
	905.9566144
	881.2643746
	818.8867071
	CSID8065632

	1.87_743.2022
	61.71931216
	57.25333006
	47.90063086
	53.44118456
	CSID165080

	1.28_625.1403
	4.472090567
	0.729287012
	211.6533675
	199.9863632
	CSID4478806

	1.97_603.2252
	0
	0
	0
	0
	CSID30777589

	2.02_891.2341
	14.42571377
	18.71281074
	16.25203185
	2.569602717
	CSID163248

	0.43_675.1948
	9.185007402
	8.327271812
	10.87542311
	7.053865722
	CSID4945466





	 RT & m/z
	GF0001
	GF0002
	GF0003
	GF0004
	Accepted  ID

	1.35_417.0833
	7.724067151
	4.546257519
	3.877980543
	4.622080841
	CSID9857888

	1.89_161.0236
	2.400653802
	2.739595852
	1.616395824
	2.219276528
	CSID600426

	0.40_959.3157
	1.384509782
	0
	0
	0
	CSID390957

	0.45_537.1026
	7.790060871
	8.445222154
	6.616643223
	10.33221182
	CSID4945655

	0.88_611.1390
	127.2750468
	138.7623552
	126.1963494
	90.16826825
	CSID65231

	2.12_515.1177
	847.7824498
	837.2077733
	762.5042826
	791.8546433
	CSID22912767

	1.06_497.1077
	81.57431118
	84.3992499
	76.85031579
	0
	CSID22912767

	0.33_503.2270
	0
	0
	0
	0
	CSID16039

	2.27_193.0497
	0
	0.085866841
	0.055473142
	0.163213207
	CSID689

	0.62_539.1714
	0
	0
	0
	0
	CSID10211379

	1.77_357.1340
	1.53091098
	4.969390834
	5.171038912
	0
	CSID106491

	2.34_373.1289
	86.76892386
	65.82262142
	89.93665207
	80.00204688
	CSID59696173

	0.98_358.0893
	1.282083687
	0.588578081
	0.355822948
	0.394524004
	CSID30777618

	1.35_815.2009
	101.5586266
	106.8197089
	0
	0
	CSID388383

	0.35_289.0717
	0.557296606
	1.75639511
	0.842166644
	2.88871963
	CSID65230

	0.40_455.1508
	1.514519386
	1.381510336
	1.015576374
	2.016148957
	CSID392875

	0.93_577.1350
	78.62225716
	82.35758675
	82.09316208
	37.5311818
	CSID109417

	1.46_242.0499
	0
	0
	0
	0
	CSID28477210

	2.56_445.0775
	11.91286443
	44.50636052
	22.58625657
	14.4116122
	CSID13083403

	2.07_515.1180
	0
	0
	0
	1.659890613
	CSID22912767

	1.62_863.1787
	1.016654768
	5.56075831
	91.54827883
	85.36986882
	CSID389606

	1.36_515.1178
	0
	0
	133.5487543
	86.79580842
	CSID22912767

	0.67_253.0493
	0
	0
	0
	2.15602626
	CSID388383

	2.22_399.1081
	54.69025414
	39.12079083
	52.24372127
	46.07000654
	CSID30777624

	1.87_417.0829
	0.00920932
	0.000525208
	0.368465616
	0.270795773
	CSID9857888

	0.71_495.1120
	24.50471388
	30.96871959
	36.73383843
	27.75587021
	CSID30777594

	0.63_497.1096
	11.67929693
	15.04645812
	11.60985633
	12.91912196
	CSID22912767

	1.69_603.1022
	0.092573932
	0.037470182
	0
	0
	CSID30777628

	1.75_415.1050
	3290.49175
	3335.279753
	3202.904111
	3188.057009
	CSID97088

	1.86_485.1069
	1.483969672
	1.994656536
	2.06795359
	5.444390348
	CSID28477210

	1.79_417.1211
	799.179078
	876.5628166
	638.9575927
	29.65480077
	CSID30777624

	0.50_895.1975
	0
	0
	0
	0
	CSID29341798

	2.23_515.1177
	9.377191452
	11.046997
	20.52750289
	4.159357857
	CSID22912767

	1.64_829.2379
	26.49460427
	25.59493815
	18.94524154
	21.62972203
	CSID9753486

	2.96_857.3551
	0.886433246
	0.215303285
	1.31348604
	20.54930682
	CSID28481156

	2.21_1003.2144
	7443.255196
	6705.468144
	7234.09272
	7255.272275
	CSID8089617

	2.29_863.2895
	6.0709262
	7.367512595
	6.006409385
	8.338433187
	CSID28554480

	2.00_899.1796
	505.2035792
	526.9366207
	514.1654791
	516.7734841
	CSID4445122


Tab.A2-004 Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the Gorse Flower extract compared to blanks. Matairesinol highlighted in blue.


	RT & m/z
	GS0001
	GS0002
	GS0003
	GS0004
	Accepted ID

	2.33_399.1085
	0
	0
	0
	0
	CSID30777624

	1.88_339.1225
	468.4332111
	412.6079413
	422.099102
	400.612843
	CSID106491

	1.72_609.1456
	41.16824157
	9.120726985
	30.0190942
	16.843869
	CSID4444362

	0.43_367.1051
	32.13427369
	31.44987845
	33.1076387
	33.0256679
	CSID8309124

	1.82_489.1041
	36.99881295
	10.62558365
	23.776681
	5.56469984
	CSID30777632

	1.61_367.1026
	5.040426823
	5.822502777
	6.99827082
	0.26066499
	CSID8309124

	1.42_579.1713
	286.108322
	286.2894641
	277.214686
	299.665401
	CSID390868

	2.14_445.0793
	27.02278711
	16.91557786
	25.7527433
	33.5560642
	CSID13083403

	2.53_545.1640
	3.064981238
	3.459473224
	1.66464081
	2.60862624
	CSID1675

	2.00_591.1705
	32.35803507
	53.63877043
	51.6461354
	51.362479
	CSID10176

	1.92_516.1267n
	731.794851
	714.5178327
	753.194034
	702.130827
	CSID4445093

	2.48_707.1806
	51.9969247
	60.97467906
	55.3493278
	41.3807186
	CSID1405788

	1.79_923.2217
	0.043286841
	4.900357578
	2.46889378
	2.01494164
	CSID4445121

	2.42_891.2330
	660.1020954
	641.1405764
	599.814369
	609.373432
	CSID163248

	2.09_711.1395
	13.30291262
	17.44644421
	18.8912329
	20.1250668
	CSID30777604

	2.72_1031.2433
	3167.639463
	3079.151033
	3539.98649
	3156.9026
	CSID22912767

	1.75_831.2130
	118.6662359
	122.8379221
	143.971124
	151.27606
	CSID97088

	1.30_515.1189
	79.15946068
	51.94521019
	71.9593835
	61.8057297
	CSID22912767

	1.92_775.1524
	105.5442782
	140.6097223
	104.567515
	98.1107654
	CSID30777654

	2.30_989.2149
	19.21474531
	19.97049918
	8.81228195
	14.4866202
	CSID30777598

	1.47_815.1960
	5.423632981
	1.230833333
	2.7932025
	4.27785046
	CSID388383

	1.98_391.1384
	2.294482146
	1.68629884
	0
	0
	CSID13701

	1.70_711.1382
	0
	0
	0.10012135
	1.35926989
	CSID30777604

	1.22_339.0726
	103.6830537
	82.71460678
	105.471127
	103.000722
	CSID30777618

	0.43_337.0567
	7.301173351
	7.289618292
	6.66508477
	10.665169
	CSID30777604

	2.33_511.1394
	108.0503244
	77.6969701
	76.4636402
	61.9408125
	CSID553829

	2.29_365.1028
	291.9707495
	226.4132975
	250.032826
	223.697259
	CSID238

	1.42_417.1196
	1013.725086
	782.7551497
	872.590198
	884.037269
	CSID30777624

	1.54_923.2223
	123.5630377
	94.77800593
	129.472148
	120.089492
	CSID4445121

	0.39_244.0370
	21.30487202
	21.97581406
	14.7509832
	22.5069229
	CSID25941971

	1.30_243.0654
	297.8089051
	287.4411467
	296.651694
	266.684419
	CSID238

	1.52_339.0712
	9.1283725
	9.049530155
	9.00951979
	14.788078
	CSID30777618

	1.30_271.0616
	1342.259362
	1211.596287
	1298.34573
	1258.03083
	CSID388383

	1.78_599.1187
	0
	0
	0
	0
	CSID4445122

	2.49_387.1072
	96.58316553
	75.53541665
	94.2496153
	86.574623
	CSID689

	1.44_743.2020
	153.4680026
	130.472356
	143.101634
	135.195032
	CSID165080

	0.62_809.1484
	0
	0
	0
	0
	CSID4444448

	1.97_489.1039
	83.77798291
	68.50218431
	93.6500197
	93.1619666
	CSID30777632

	1.52_475.0876
	11.69730154
	9.598183479
	12.8445198
	11.8647329
	CSID34552925




	RT & m/z
	GS0001
	GS0002
	GS0003
	GS0004
	Accepted ID

	1.52_475.0876
	11.69730154
	9.598183479
	12.8445198
	11.8647329
	CSID34552925

	1.76_915.1610
	7.13958029
	0.667951217
	4.0985272
	3.8004961
	CSID58575

	1.31_145.0290
	69.58845561
	61.32883386
	54.1605491
	64.3406225
	CSID553148

	1.31_367.1044
	0.868883554
	0.241798275
	0
	0
	CSID8309124

	1.47_607.1828
	21.8592731
	11.93841898
	70.8226104
	55.7595962
	CSID24842580

	0.35_303.0871
	21.95619979
	19.3806754
	13.2772098
	12.4732135
	CSID13860434

	1.36_193.0502
	89.48909422
	49.9096327
	112.331547
	83.7167629
	CSID689

	1.56_269.0822
	223.0573771
	178.8779677
	192.273488
	205.751805
	CSID10211379

	1.32_607.1831
	61.78384647
	31.13585065
	24.7871704
	39.4206346
	CSID24842580

	1.89_835.2417
	57.38267704
	74.53370027
	58.0217387
	55.8244549
	CSID30777624

	2.34_863.2021
	139.9509863
	139.8329143
	134.466654
	117.760283
	CSID35015223

	1.79_595.0905
	15.96081078
	15.77280516
	13.7231379
	12.2777614
	CSID4445092

	1.50_707.1811
	9.315664067
	23.0355543
	39.7757527
	52.3961533
	CSID1405788

	2.02_415.1033
	2259.872198
	2001.88547
	2193.18116
	1967.51514
	CSID97088

	1.64_477.1017
	1.145826977
	1.811448514
	3.5892844
	0
	CSID4477169

	1.17_161.0239
	0.494048963
	0
	1.21650782
	1.02899362
	CSID600426

	1.20_197.0447
	314.3707146
	297.1862696
	297.656831
	277.27112
	CSID12693

	2.00_775.1479
	28.99567101
	14.02535299
	15.6515222
	5.38373232
	CSID30777654

	1.91_119.0496
	31.15917067
	38.40755592
	46.0643085
	51.3491178
	CSID9964

	1.90_163.0393
	3.171641632
	3.411088044
	10.4364594
	7.379121
	CSID553148

	2.08_707.1815
	93.49667602
	87.15200031
	70.7017538
	70.1357372
	CSID1405788

	2.01_467.0966
	0
	0
	3.21477056
	3.71010315
	CSID28477210

	2.06_923.2236
	447.5760713
	391.2115218
	362.103847
	296.577617
	CSID4445121

	0.38_483.1825
	2.61E-05
	0
	0
	0
	CSID82594

	2.73_835.2417
	98.47457057
	98.92964095
	93.7447144
	66.9202155
	CSID30777624

	0.48_355.0673
	9.377615587
	15.5947051
	20.6528253
	10.3839293
	CSID30777604

	0.39_501.1036
	0.465908289
	0.962042966
	1.3448338
	5.62819604
	CSID8089617

	0.52_263.0342
	4.671509061
	5.812432047
	3.37951228
	6.09369154
	CSID4445117

	1.28_627.1496
	0
	3.244667576
	4.27825129
	0
	CSID4445094

	1.59_739.2057
	11.28552559
	10.72649789
	7.98348574
	10.3200968
	CSID57579554

	2.19_895.1953
	7.516012606
	11.93792207
	5.76929875
	32.2540853
	CSID29341798

	0.39_735.2126
	1.653890423
	0.975183799
	2.39075711
	0
	CSID10392638

	0.68_863.2015
	0
	0
	0
	0
	CSID35015223

	0.83_371.0984
	17.17093592
	5.146949372
	33.3372297
	12.3375133
	CSID165080

	1.86_297.0758
	344.1837589
	287.3815498
	349.342247
	302.691301
	CSID24842912

	1.12_449.1085
	767.3383374
	722.3535307
	777.776984
	700.20695
	CSID8065632

	1.87_743.2022
	929.132164
	850.1190012
	853.30158
	811.254027
	CSID165080

	1.28_625.1403
	0
	0
	0
	0
	CSID4478806

	1.97_603.2252
	126.6984825
	116.8372657
	137.517935
	138.351669
	CSID30777589

	2.02_891.2341
	222.0536428
	162.4778706
	199.574852
	168.093756
	CSID163248

	0.43_675.1948
	89.88710285
	70.52641965
	79.5883689
	75.9270979
	CSID4945466


	RT & m/z
	GS0001
	GS0002
	GS0003
	GS0004
	Accepted ID

	1.35_417.0833
	15.76789553
	13.28185091
	15.3854395
	11.101665
	CSID9857888

	1.89_161.0236
	10.14950816
	7.126004866
	5.40689369
	3.24443361
	CSID600426

	0.40_959.3157
	9.168519415
	7.035040648
	5.77833447
	5.17417208
	CSID390957

	0.45_537.1026
	224.2589202
	186.6576216
	208.829826
	197.334004
	CSID4945655

	0.88_611.1390
	72.0407426
	59.43682396
	81.376446
	74.4082756
	CSID65231

	2.12_515.1177
	733.227499
	669.962159
	708.226198
	659.783207
	CSID22912767

	1.06_497.1077
	1949.423999
	1784.824172
	1850.80572
	1736.62147
	CSID22912767

	0.33_503.2270
	11.74552165
	5.525838933
	7.69911204
	0
	CSID16039

	2.27_193.0497
	3.547634056
	2.371265723
	6.89690467
	4.59790613
	CSID689

	0.62_539.1714
	0.039023126
	0.541795171
	0.01576716
	0.25837565
	CSID10211379

	1.77_357.1340
	71.43293985
	63.18242175
	58.2815708
	52.5078495
	CSID106491

	2.34_373.1289
	39.10613998
	39.85738134
	23.7950052
	9.82276837
	CSID59696173

	0.98_358.0893
	61.75011863
	63.666994
	73.5218188
	62.9032554
	CSID30777618

	1.35_815.2009
	573.9322484
	530.9987078
	570.301847
	572.176809
	CSID388383

	0.35_289.0717
	0
	0
	1.02430415
	0
	CSID65230

	0.40_455.1508
	0.61420166
	0.235787898
	0.39845796
	0
	CSID392875

	0.93_577.1350
	15.36662849
	11.22137191
	11.063716
	15.5332194
	CSID109417

	1.46_242.0499
	0
	0
	0
	0
	CSID28477210

	2.56_445.0775
	6.579365978
	6.517009085
	8.65308636
	3.16858064
	CSID13083403

	2.07_515.1180
	4.057250232
	4.046339714
	8.92389936
	6.88551352
	CSID22912767

	1.62_863.1787
	0
	1.336367781
	0
	1.85486954
	CSID389606

	1.36_515.1178
	6.536487673
	2.208690094
	0.80428405
	2.68217359
	CSID22912767

	0.67_253.0493
	0
	0
	0.84495856
	0
	CSID388383

	2.22_399.1081
	38.05719156
	31.42260285
	46.759026
	41.6381229
	CSID30777624

	1.87_417.0829
	2.162779395
	3.232289463
	2.19320474
	1.01835695
	CSID9857888

	0.71_495.1120
	76.39424874
	74.65872953
	74.9287127
	75.5826664
	CSID30777594

	0.63_497.1096
	210.8222294
	186.5837706
	196.496305
	161.215144
	CSID22912767

	1.69_603.1022
	13.95537253
	5.164969398
	5.13733951
	8.59837372
	CSID30777628

	1.75_415.1050
	3277.084734
	3033.010912
	3038.1266
	3027.32684
	CSID97088

	1.86_485.1069
	10.87255827
	1.589272099
	2.2524315
	0.37077385
	CSID28477210

	1.79_417.1211
	63.06850391
	154.2161602
	401.689967
	580.600203
	CSID30777624

	0.50_895.1975
	0
	0
	0
	0
	CSID29341798

	2.23_515.1177
	51.39944877
	60.73340487
	111.423837
	96.2289836
	CSID22912767

	1.64_829.2379
	100.0038787
	90.04359954
	86.1662879
	92.6133488
	CSID9753486

	2.96_857.3551
	5.590303479
	4.356418642
	1.99353155
	0.49451148
	CSID28481156

	2.21_1003.2144
	6988.385722
	6410.586965
	6872.57447
	6433.29722
	CSID8089617

	2.29_863.2895
	579.1228478
	470.8953774
	462.248715
	442.169641
	CSID28554480

	2.00_899.1796
	589.7042452
	606.2265614
	558.756746
	499.34384
	CSID4445122



Tab.A2-005 Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the Gorse Stem extract compared to blanks. Matairesinol highlighted in blue.
	RT & m/z
	PD0001
	PD0002
	PD0003
	PD0004
	Accepted ID

	2.33_399.1085
	0
	0
	0
	0
	CSID30777624

	1.88_339.1225
	0
	0
	0
	0
	CSID106491

	1.72_609.1456
	0
	0
	0
	0
	CSID4444362

	0.43_367.1051
	7.987720791
	8.98886745
	6.49299632
	1.21842513
	CSID8309124

	1.82_489.1041
	0
	0
	0
	0
	CSID30777632

	1.61_367.1026
	0
	0
	0
	0
	CSID8309124

	1.42_579.1713
	0
	0
	0
	0
	CSID390868

	2.14_445.0793
	0
	0
	0
	0
	CSID13083403

	2.53_545.1640
	0
	0
	0
	0
	CSID1675

	2.00_591.1705
	0
	0
	0
	0
	CSID10176

	1.92_516.1267
	0
	0
	0
	0
	CSID4445093

	2.48_707.1806
	0
	0
	0
	0
	CSID1405788

	1.79_923.2217
	0
	0
	0
	0
	CSID4445121

	2.42_891.2330
	0
	0
	0
	0
	CSID163248

	2.09_711.1395
	0
	0
	0
	0
	CSID30777604

	2.72_1031.2433
	0
	0
	0
	0
	CSID22912767

	1.75_831.2130
	0
	0
	0
	0
	CSID97088

	1.30_515.1189
	0
	0
	0
	0
	CSID22912767

	1.92_775.1524
	0
	0
	0
	0
	CSID30777654

	2.30_989.2149
	0
	0
	0
	0
	CSID30777598

	1.47_815.1960
	0
	0
	0
	0
	CSID388383

	1.98_391.1384
	0
	0
	0
	0
	CSID13701

	1.70_711.1382
	0
	0
	0
	0
	CSID30777604

	1.22_339.0726
	0.001348556
	0
	0
	0
	CSID30777618

	0.43_337.0567
	0.003112732
	371.708581
	289.950591
	3.65724426
	CSID30777604

	2.33_511.1394
	0
	0
	0
	0
	CSID553829

	2.29_365.1028
	0
	0
	0
	0
	CSID238

	1.42_417.1196
	0
	0
	0
	0
	CSID30777624

	1.54_923.2223
	0
	0
	0
	0
	CSID4445121

	0.39_244.0370
	0
	100.669969
	86.0095081
	106.337783
	CSID25941971

	1.30_243.0654
	3.561071861
	12.6934296
	8.14363065
	3.69278658
	CSID238

	1.52_339.0712
	0
	0
	0
	0
	CSID30777618

	1.30_271.0616
	0
	0
	0
	0
	CSID388383

	1.78_599.1187
	0
	0
	0
	0
	CSID4445122

	2.49_387.1072
	0
	0
	0
	0
	CSID689

	1.44_743.2020
	0
	0
	0
	0
	CSID165080

	0.62_809.1484
	0
	2.02098926
	1.72584822
	0
	CSID4444448

	1.97_489.1039
	0
	0
	0
	0
	CSID30777632

	1.52_475.0876
	0
	0
	0
	0
	CSID34552925



	RT & m/z
	PD0001
	PD0002
	PD0003
	PD0004
	Accepted ID

	1.52_475.0876
	0
	0
	0
	0
	CSID34552925

	1.76_915.1610
	0
	0
	0
	0
	CSID58575

	1.31_145.0290
	0
	0
	0
	0
	CSID553148

	1.31_367.1044
	0
	0
	0
	0
	CSID8309124

	1.47_607.1828
	0
	0
	0
	0
	CSID24842580

	0.35_303.0871
	0
	0
	0
	0
	CSID13860434

	1.36_193.0502
	0
	0
	0
	0
	CSID689

	1.56_269.0822
	0
	0
	0
	0
	CSID10211379

	1.32_607.1831
	0
	0
	0
	0
	CSID24842580

	1.89_835.2417
	0
	0
	0
	0
	CSID30777624

	2.34_863.2021
	0
	0
	0
	0
	CSID35015223

	1.79_595.0905
	0.571494689
	0.65346017
	0.28242029
	0
	CSID4445092

	1.50_707.1811
	0
	0
	0
	0
	CSID1405788

	2.02_415.1033
	0
	0
	0
	0
	CSID97088

	1.64_477.1017
	0
	0
	0
	0
	CSID4477169

	1.17_161.0239
	0
	0
	0
	0
	CSID600426

	1.20_197.0447
	0
	0
	0
	0
	CSID12693

	2.00_775.1479
	0
	0
	0
	0
	CSID30777654

	1.91_119.0496
	0
	0
	0
	0
	CSID9964

	1.90_163.0393
	0
	0
	0
	0
	CSID553148

	2.08_707.1815
	0
	0
	0
	0
	CSID1405788

	2.01_467.0966
	0
	0
	0
	0
	CSID28477210

	2.06_923.2236
	0
	0
	0
	0
	CSID4445121

	0.38_483.1825
	1089.138377
	1237.29273
	1083.64899
	1177.63166
	CSID82594

	2.73_835.2417
	0
	0
	0
	0
	CSID30777624

	0.48_355.0673
	3.007420335
	6.09947179
	7.30633014
	3.76964435
	CSID30777604

	0.39_501.1036
	232.5562368
	295.739495
	278.726146
	246.546792
	CSID8089617

	0.52_263.0342
	92.07608671
	100.152079
	90.747539
	109.159234
	CSID4445117

	1.28_627.1496
	0
	0
	0
	0
	CSID4445094

	1.59_739.2057
	0
	0
	0
	0
	CSID57579554

	2.19_895.1953
	0
	0
	0
	0
	CSID29341798

	0.39_735.2126
	0
	17.7375015
	8.69515434
	3.57096513
	CSID10392638

	0.68_863.2015
	0
	0
	0
	4.5107055
	CSID35015223

	0.83_371.0984
	0.260229605
	0.2050027
	0.05848552
	0.3732631
	CSID165080

	1.86_297.0758
	0
	0
	0
	0
	CSID24842912

	1.12_449.1085
	0
	0
	0.00010611
	0
	CSID8065632

	1.87_743.2022
	0
	0
	0
	0
	CSID165080

	1.28_625.1403
	0
	0
	0
	0
	CSID4478806

	1.97_603.2252
	0
	0
	0
	0
	CSID30777589

	2.02_891.2341
	0
	0
	0
	0
	CSID163248

	0.43_675.1948
	4.295225242
	39.0621727
	38.4020374
	1.31640685
	CSID4945466



	RT & m/z
	PD0001
	PD0002
	PD0003
	PD0004
	Accepted ID

	1.35_417.0833
	0.008719483
	0
	0
	0
	CSID9857888

	1.89_161.0236
	0
	0
	0
	0
	CSID600426

	0.40_959.3157
	0.090880331
	0
	0
	0
	CSID390957

	0.45_537.1026
	22.00043044
	20.0771118
	12.7426153
	6.02699167
	CSID4945655

	0.88_611.1390
	11.2846585
	13.4819127
	12.2643369
	3.99503279
	CSID65231

	2.12_515.1177
	0
	0
	0
	0
	CSID22912767

	1.06_497.1077
	0.006631043
	0.90291017
	1.15170381
	3.34957543
	CSID22912767

	0.33_503.2270
	0
	0
	0
	0
	CSID16039

	2.27_193.0497
	0
	0
	0
	0
	CSID689

	0.62_539.1714
	139.1420338
	132.858632
	108.578141
	120.641168
	CSID10211379

	1.77_357.1340
	0
	0
	0
	0
	CSID106491

	2.34_373.1289
	0
	0
	0
	0
	CSID59696173

	0.98_358.0893
	0
	0
	0
	0
	CSID30777618

	1.35_815.2009
	0
	0
	0
	0
	CSID388383

	0.35_289.0717
	0
	0
	0
	0
	CSID65230

	0.40_455.1508
	61.00623309
	72.7746713
	60.3395139
	71.194705
	CSID392875

	0.93_577.1350
	0
	0
	0
	0
	CSID109417

	1.46_242.0499
	0
	1.50905285
	0.23153241
	0.84916538
	CSID28477210

	2.56_445.0775
	0
	0
	0
	0
	CSID13083403

	2.07_515.1180
	0
	0
	0
	0
	CSID22912767

	1.62_863.1787
	0
	0
	0
	0
	CSID389606

	1.36_515.1178
	0
	0
	0
	0
	CSID22912767

	0.67_253.0493
	0
	0
	0
	0
	CSID388383

	2.22_399.1081
	0
	0
	0
	0
	CSID30777624

	1.87_417.0829
	0
	0
	0
	0
	CSID9857888

	0.71_495.1120
	0
	0.67288514
	2.72620142
	0.04103793
	CSID30777594

	0.63_497.1096
	18.60081263
	24.6622258
	16.6705573
	11.8269141
	CSID22912767

	1.69_603.1022
	0.353838778
	0
	0.16652825
	1.96708361
	CSID30777628

	1.75_415.1050
	0
	0
	0
	0
	CSID97088

	1.86_485.1069
	0
	0
	0
	0
	CSID28477210

	1.79_417.1211
	0
	0
	0
	0
	CSID30777624

	0.50_895.1975
	0
	0
	0
	0
	CSID29341798

	2.23_515.1177
	0
	0
	0
	0
	CSID22912767

	1.64_829.2379
	0
	0
	0
	0
	CSID9753486

	2.96_857.3551
	0
	0
	0
	0
	CSID28481156

	2.21_1003.2144
	0
	0
	0
	0
	CSID8089617

	2.29_863.2895
	0
	0
	0
	0
	CSID28554480

	2.00_899.1796
	0
	0
	0
	0
	CSID4445122



Tab.A2-006. Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the Pepper Dulse extract compared to blanks.


	RT & m/z
	GW0001
	GW0002
	GW0003
	GW0004
	Accepted ID

	2.33_399.1085
	0
	0
	0
	0
	CSID30777624

	1.88_339.1225
	0
	0
	0
	0
	CSID106491

	1.72_609.1456
	0
	0
	0
	0
	CSID4444362

	0.43_367.1051
	1.197419
	1.30643
	0.01306
	2.449577
	CSID8309124

	1.82_489.1041
	0
	0
	0
	0
	CSID30777632

	1.61_367.1026
	0
	0
	0
	0
	CSID8309124

	1.42_579.1713
	0
	0
	0
	0
	CSID390868

	2.14_445.0793
	0
	0
	0
	0
	CSID13083403

	2.53_545.1640
	0
	0
	0
	0
	CSID1675

	2.00_591.1705
	0
	0
	0
	0
	CSID10176

	1.92_516.1267
	0
	0
	0
	0
	CSID4445093

	2.48_707.1806
	0
	0
	0
	0
	CSID1405788

	1.79_923.2217
	0
	0
	0
	0
	CSID4445121

	2.42_891.2330
	0
	0
	0
	0
	CSID163248

	2.09_711.1395
	0
	0
	0
	0
	CSID30777604

	2.72_1031.2433
	0
	0
	0
	0
	CSID22912767

	1.75_831.2130
	0
	0
	0
	0
	CSID97088

	1.30_515.1189
	0
	0
	0
	0
	CSID22912767

	1.92_775.1524
	0
	0
	0
	0
	CSID30777654

	2.30_989.2149
	0
	0
	0
	0
	CSID30777598

	1.47_815.1960
	0
	0
	0
	0
	CSID388383

	1.98_391.1384
	0
	0
	0
	0
	CSID13701

	1.70_711.1382
	0
	0
	0
	0
	CSID30777604

	1.22_339.0726
	0
	0
	0
	0
	CSID30777618

	0.43_337.0567
	183.4531
	148.8703
	127.213
	136.3299
	CSID30777604

	2.33_511.1394
	0
	0
	0
	0
	CSID553829

	2.29_365.1028
	0
	0
	0
	0
	CSID238

	1.42_417.1196
	0
	0
	0
	0
	CSID30777624

	1.54_923.2223
	0
	0
	0
	0
	CSID4445121

	0.39_244.0370n
	0
	0.077889
	0
	1.367046
	CSID25941971

	1.30_243.0654
	0
	0
	0
	0
	CSID238

	1.52_339.0712
	0
	0
	0
	0
	CSID30777618

	1.30_271.0616
	0
	0
	0.12884
	0
	CSID388383

	1.78_599.1187
	0
	0
	0
	0
	CSID4445122

	2.49_387.1072
	0
	0
	0
	0
	CSID689

	1.44_743.2020
	0
	0
	0
	0
	CSID165080

	0.62_809.1484
	0
	0
	0
	0
	CSID4444448

	1.97_489.1039
	0
	0
	0
	0
	CSID30777632

	1.52_475.0876
	0
	0
	0
	0
	CSID34552925




	RT & m/z
	GW0001
	GW0002
	GW0003
	GW0004
	Accepted ID

	1.76_915.1610
	0
	0
	0
	0
	CSID58575

	1.31_145.0290
	0
	0
	0
	0
	CSID553148

	1.31_367.1044
	0
	0
	0
	0
	CSID8309124

	1.47_607.1828
	0
	0
	0
	0
	CSID24842580

	0.35_303.0871
	0
	0.040374
	0
	0
	CSID13860434

	1.36_193.0502
	0
	0
	0
	0
	CSID689

	1.56_269.0822
	0
	0
	0
	0
	CSID10211379

	1.32_607.1831
	0
	0
	0
	0
	CSID24842580

	1.89_835.2417
	0
	0
	0
	0
	CSID30777624

	2.34_863.2021
	0
	0
	0
	0
	CSID35015223

	1.79_595.0905
	2.707698
	2.322402
	5.0408
	0.892577
	CSID4445092

	1.50_707.1811
	0
	0
	0
	0
	CSID1405788

	2.02_415.1033
	0
	0
	0
	0
	CSID97088

	1.64_477.1017
	0
	0
	0
	0
	CSID4477169

	1.17_161.0239
	0
	0
	0
	0
	CSID600426

	1.20_197.0447
	0
	0
	0
	0
	CSID12693

	2.00_775.1479
	0
	0
	0
	0
	CSID30777654

	1.91_119.0496
	0
	0
	0
	0
	CSID9964

	1.90_163.0393
	0
	0
	0
	0
	CSID553148

	2.08_707.1815
	0
	0
	0
	0
	CSID1405788

	2.01_467.0966
	0
	0
	0
	0
	CSID28477210

	2.06_923.2236
	0
	0
	0
	0
	CSID4445121

	0.38_483.1825
	1.072098
	0
	0
	0
	CSID82594

	2.73_835.2417
	0
	0
	0
	0
	CSID30777624

	0.48_355.0673
	206.1901
	205.7323
	204.425
	206.27
	CSID30777604

	0.39_501.1036
	0
	0.423296
	0.11076
	0
	CSID8089617

	0.52_263.0342
	1.276033
	0.673349
	1.14043
	0.725002
	CSID4445117

	1.28_627.1496
	0
	0
	0
	0
	CSID4445094

	1.59_739.2057
	0
	0
	0
	0
	CSID57579554

	2.19_895.1953
	0
	0
	0
	0
	CSID29341798

	0.39_735.2126
	4.837107
	1.068199
	0
	0
	CSID10392638

	0.68_863.2015
	0
	0
	0
	0
	CSID35015223

	0.83_371.0984
	0
	0
	0
	0
	CSID165080

	1.86_297.0758
	0
	0
	0
	0
	CSID24842912

	1.12_449.1085
	0
	0
	0
	0
	CSID8065632

	1.87_743.2022
	0
	0
	0
	0
	CSID165080

	1.28_625.1403
	0
	0
	0
	0
	CSID4478806

	1.97_603.2252
	0
	0
	0
	0
	CSID30777589

	2.02_891.2341
	0
	0
	0
	0
	CSID163248

	0.43_675.1948
	0.011144
	0
	0.00325
	0.368373
	CSID4945466



	RT & m/z
	GW0001
	GW0002
	GW0003
	GW0004
	Accepted ID

	1.35_417.0833
	0
	0
	0
	0
	CSID9857888

	1.89_161.0236
	0
	0
	0
	0
	CSID600426

	0.40_959.3157
	0.124719
	0
	0
	0.225506
	CSID390957

	0.45_537.1026
	39.3934
	58.24732
	57.9584
	43.9658
	CSID4945655

	0.88_611.1390
	8.760703
	26.66098
	21.363
	35.11061
	CSID65231

	2.12_515.1177
	0
	0
	0
	0
	CSID22912767

	1.06_497.1077
	0
	0
	0
	0
	CSID22912767

	0.33_503.2270
	0
	0
	0
	0
	CSID16039

	2.27_193.0497
	0
	0
	0
	0
	CSID689

	0.62_539.1714
	0
	0
	0
	0
	CSID10211379

	1.77_357.1340
	0
	0
	0
	0
	CSID106491

	2.34_373.1289
	0
	0
	0
	0
	CSID59696173

	0.98_358.0893
	0
	0
	0
	0
	CSID30777618

	1.35_815.2009
	0
	0
	0
	0
	CSID388383

	0.35_289.0717
	0
	0
	0
	0
	CSID65230

	0.40_455.1508
	0.39546
	0
	0.87783
	0.126738
	CSID392875

	0.93_577.1350
	0
	0
	0
	0
	CSID109417

	1.46_242.0499
	0
	0
	2.80374
	0
	CSID28477210

	2.56_445.0775
	0
	0
	0
	0
	CSID13083403

	2.07_515.1180
	0
	0
	0
	0
	CSID22912767

	1.62_863.1787
	0
	0
	0
	0
	CSID389606

	1.36_515.1178
	0
	0
	0
	0
	CSID22912767

	0.67_253.0493
	28.56313
	29.5395
	25.2453
	29.72181
	CSID388383

	2.22_399.1081
	0
	0
	0
	0
	CSID30777624

	1.87_417.0829
	0
	0
	0
	0
	CSID9857888

	0.71_495.1120
	16.87807
	6.232965
	12.4907
	14.13263
	CSID30777594

	0.63_497.1096
	22.07993
	14.54012
	18.4484
	21.47582
	CSID22912767

	1.69_603.1022
	0.057941
	0
	0
	0.242096
	CSID30777628

	1.75_415.1050
	0
	0
	0
	0
	CSID97088

	1.86_485.1069
	0
	0
	0
	0
	CSID28477210

	1.79_417.1211
	0
	0
	0
	0
	CSID30777624

	0.50_895.1975
	0
	1.472487
	0
	0
	CSID29341798

	2.23_515.1177
	0
	0
	0
	0
	CSID22912767

	1.64_829.2379
	0
	0
	0
	0
	CSID9753486

	2.96_857.3551
	0
	0
	0
	0
	CSID28481156

	2.21_1003.2144
	0
	0
	0
	0
	CSID8089617

	2.29_863.2895
	0
	0
	0
	0
	CSID28554480

	2.00_899.1796
	0
	0
	0
	0
	CSID4445122



Tab.A2-007 Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the Gut Weed extract compared to blanks.



	RT & m/z
	GT0001
	GT0002
	GT0003
	GT0004
	Accepted ID

	2.33_399.1085
	0.005373687
	0.019510658
	0.532138519
	2.628942808
	CSID30777624

	1.88_339.1225
	12.33748449
	11.97171475
	16.97955245
	10.89236511
	CSID106491

	1.72_609.1456
	0.402266105
	28.14432243
	0.827348896
	5.998579219
	CSID4444362

	0.43_367.1051
	5.65709435
	1.6143397
	5.262272952
	4.460802419
	CSID8309124

	1.82_489.1041
	26.07568269
	12.43708398
	21.36774994
	26.7639161
	CSID30777632

	1.61_367.1026
	61.19213187
	147.6629042
	131.4042978
	165.7427925
	CSID8309124

	1.42_579.1713
	13.71984566
	5.724609795
	4.127987943
	3.837938178
	CSID390868

	2.14_445.0793
	1.134309785
	8.746821313
	3.590938468
	5.312932488
	CSID13083403

	2.53_545.1640
	0.903570042
	0.458822851
	1.612828076
	1.928032389
	CSID1675

	2.00_591.1705
	0
	0.055593041
	0
	0
	CSID10176

	1.92_516.1267
	0.034338113
	1.168046922
	2.859179698
	1.729533177
	CSID4445093

	2.48_707.1806
	0.910222066
	0
	0
	2.308911502
	CSID1405788

	1.79_923.2217
	0.003824425
	26.46517284
	2.484375819
	47.78908034
	CSID4445121

	2.42_891.2330
	0
	0.379014107
	1.627743282
	0.272157214
	CSID163248

	2.09_711.1395
	145.4099437
	157.0766424
	185.7464343
	176.524656
	CSID30777604

	2.72_1031.2433
	47.09227934
	55.49426234
	65.66724887
	19.70519382
	CSID22912767

	1.75_831.2130
	0.790061768
	1.057131022
	0.161213381
	1.960498058
	CSID97088

	1.30_515.1189
	1.836675696
	6.088346824
	4.695085963
	6.138283253
	CSID22912767

	1.92_775.1524
	255.1676369
	336.4935718
	343.0863529
	332.6297045
	CSID30777654

	2.30_989.2149
	0
	0.030515578
	1.33645479
	0.540901267
	CSID30777598

	1.47_815.1960
	12.66056054
	4.518644113
	1.455588218
	4.122161114
	CSID388383

	1.98_391.1384
	32.25568227
	60.33447079
	58.76468808
	76.766505
	CSID13701

	1.70_711.1382
	4.853072686
	6.997838139
	0.229715445
	5.430300229
	CSID30777604

	1.22_339.0726
	162.0250981
	240.3561386
	246.6630322
	280.6924336
	CSID30777618

	0.43_337.0567
	0
	0
	0
	0
	CSID30777604

	2.33_511.1394
	0.119041946
	2.506567759
	5.1741215
	2.039527209
	CSID553829

	2.29_365.1028
	0
	0
	0
	0
	CSID238

	1.42_417.1196
	11.62200169
	2.204176864
	0.533122107
	1.939416167
	CSID30777624

	1.54_923.2223
	2.811802888
	0
	2.347238951
	2.225866975
	CSID4445121

	0.39_244.0370
	10.32698381
	13.58160277
	10.24024066
	10.08480245
	CSID25941971

	1.30_243.0654
	77.9577719
	29.10743802
	31.90966902
	40.64505024
	CSID238

	1.52_339.0712
	22.15603287
	29.44726756
	16.83014408
	55.23534852
	CSID30777618

	1.30_271.0616
	39.55568942
	49.07021282
	40.55012754
	23.89313099
	CSID388383

	1.78_599.1187
	7.81145531
	138.4513332
	27.36715434
	172.0196029
	CSID4445122

	2.49_387.1072
	1.47389983
	5.846494344
	3.148268566
	7.095506445
	CSID689

	1.44_743.2020
	0.487923176
	3.449739512
	4.213116047
	5.084142972
	CSID165080

	0.62_809.1484
	0
	0
	0
	0.083233142
	CSID4444448

	1.97_489.1039
	34.43840464
	45.9891031
	54.68928464
	51.90227974
	CSID30777632

	1.52_475.0876
	0.826093422
	0.099011749
	0
	0.258164161
	CSID34552925


	RT & m/z
	GT0001
	GT0002
	GT0003
	GT0004
	Accepted ID

	1.76_915.1610
	433.8347754
	232.7515671
	355.6831918
	398.6428991
	CSID58575

	1.31_145.0290
	4.688701511
	8.04730339
	9.554617995
	4.329043441
	CSID553148

	1.31_367.1044
	2.377385829
	3.038370228
	5.878407896
	1.369966442
	CSID8309124

	1.47_607.1828
	0
	1.257093009
	0.399898311
	0.631541731
	CSID24842580

	0.35_303.0871
	0
	0.719808842
	1.528743569
	1.272409647
	CSID13860434

	1.36_193.0502
	28.96492963
	20.45827239
	10.43381947
	24.4959498
	CSID689

	1.56_269.0822
	4.735467399
	10.14494209
	13.85356107
	16.68708067
	CSID10211379

	1.32_607.1831
	0
	1.826009603
	8.776007598
	0.882584804
	CSID24842580

	1.89_835.2417
	1.242353013
	0
	1.2157858
	0
	CSID30777624

	2.34_863.2021
	1.576012417
	11.83729546
	10.16877529
	13.13058847
	CSID35015223

	1.79_595.0905
	30.14056541
	38.02893179
	35.81646809
	44.12510855
	CSID4445092

	1.50_707.1811
	16.34407421
	36.64731406
	29.14805596
	40.42773094
	CSID1405788

	2.02_415.1033
	9.703207906
	21.40986772
	17.11266836
	23.48035127
	CSID97088

	1.64_477.1017
	5.784465737
	112.2770162
	97.57258895
	121.1491434
	CSID4477169

	1.17_161.0239
	130.2435765
	231.5258717
	227.214197
	253.7870852
	CSID600426

	1.20_197.0447
	18.71535083
	10.72049881
	11.16954986
	15.87541751
	CSID12693

	2.00_775.1479
	199.6464176
	233.7962722
	262.0382917
	313.4629769
	CSID30777654

	1.91_119.0496
	21.35575272
	53.17677485
	85.75225489
	88.51994403
	CSID9964

	1.90_163.0393
	16.81425954
	23.24807243
	60.05983354
	39.55214165
	CSID553148

	2.08_707.1815
	1.596607524
	7.30360906
	7.446338175
	8.133231004
	CSID1405788

	2.01_467.0966
	85.77208745
	123.7488818
	130.1317287
	168.2476375
	CSID28477210

	2.06_923.2236
	0.167208539
	2.481991044
	1.502395307
	3.437337695
	CSID4445121

	0.38_483.1825
	0.965429297
	5.139638478
	9.770265571
	6.134948638
	CSID82594

	2.73_835.2417
	0.000119553
	0
	0
	0
	CSID30777624

	0.48_355.0673
	28.20871283
	12.81756466
	27.92112276
	37.93905017
	CSID30777604

	0.39_501.1036
	7.356663071
	5.560488264
	8.943800985
	2.568285011
	CSID8089617

	0.52_263.0342
	1.137579421
	0
	0.142427592
	1.269520361
	CSID4445117

	1.28_627.1496
	20.20410038
	77.0441868
	83.52988008
	26.04516904
	CSID4445094

	1.59_739.2057
	7.672614059
	50.20549216
	50.74489349
	84.98166252
	CSID57579554

	2.19_895.1953
	4.725573593
	2.865303191
	9.358315085
	6.399790415
	CSID29341798

	0.39_735.2126
	36.05611544
	44.29658279
	43.92169786
	69.36598376
	CSID10392638

	0.68_863.2015
	0
	0
	0
	0
	CSID35015223

	0.83_371.0984
	144.0673497
	162.6387639
	175.6071113
	232.4224181
	CSID165080

	1.86_297.0758
	32.26403532
	19.78223999
	33.05089268
	20.54418448
	CSID24842912

	1.12_449.1085
	422.5478923
	387.5723148
	370.1341929
	452.4841622
	CSID8065632

	1.87_743.2022
	4.059944069
	2.087897229
	4.436995864
	5.643423434
	CSID165080

	1.28_625.1403
	11.28346314
	11.80437813
	22.93584083
	12.68103326
	CSID4478806

	1.97_603.2252
	28.8593988
	25.08887735
	24.80140036
	14.61733937
	CSID30777589

	2.02_891.2341
	0
	2.085902888
	0.972704685
	2.250815868
	CSID163248

	0.43_675.1948
	8.537737147
	12.97432491
	5.069979375
	11.14504532
	CSID4945466



Tab.A2-008 Highest scoring results from processing HDMSe data through Progenesis QI. This data relates to the 4 repeats of the benchmark Green Tea extract compared to blanks. Matairesinol highlighted in blue and EGCG highlighted in bright green.



i. Appendices for Chapter 3 (A3)
This appendix contains supplementary information, relating to chapter 3, which was not included in the main body of the thesis. 
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Fig.A3-001 Coefficients plot for Chomogonday White and Extracts 652.
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Fig.A3-002 Coefficients plot for Chomogonday White and Kijani DM
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Fig.A3-003 Coefficients plot for Chomogonday White and Milima GFBOP1.
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Fig.A3-004 Coefficients plot for Chomogonday White and Newburgh Hyson.
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Fig.A3-005 Coefficients plot for Chomogonday White and Purple CTC.
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Fig.A3-006 Coefficients plot for Chomogonday White and Tiluet HP.
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Fig.A3-007 Coefficients plot for Chomogonday White and Tiluet MTH
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Fig.A3-008 Coefficients plot for Chomogonday White and Waldemar Oolong
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Fig.A3-009 Coefficients plot for Extracts 652 and Kijani DM
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Fig.A3-010 Coefficients plot for Extracts 652 and Purple CTC.
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Fig.A3-011 Coefficients plot for Extracts 652 and Tiluet HP
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Fig.A3-012 Coefficients plot for Extracts 652 and Tiluet MTH
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Fig.A3-013 Coefficients plot for Milima GFBOP1 and Kijani DM.
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Fig.A3-014 Coefficients plot for Milima GFBOP1 and Purple CTC.
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Fig.A3-015 Coefficients plot for Milima GFBOP1 and Tiluet MTH.
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Fig.A3-016 Coefficients plot for Newburgh Hyson and Extracts 652.
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Fig.A3-017 Coefficients plot for Newburgh Hyson and Kijani DM.
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Fig.A3-018 Coefficients plot for Newburgh Hyson and Milima GFBOP1.
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Fig.A3-019 Coefficients plot for Newburgh Hyson and Purple CTC.
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Fig.A3-020 Coefficients plot for Newburgh Hyson and Tiluet HP.
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Fig.A3-021 Coefficients plot for Newburgh Hyson and Tiluet MTH.




[image: ]
Fig.A3-022 Coefficients plot for Purple CTC and Milima Kijani DM.
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Fig.A3-023 Coefficients plot for Purple CTC and Tiluet MTH.
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Fig.A3-024 Coefficients plot for Tiluet HP and Kijani DM.
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Fig.A3-025 Coefficients plot for Tiluet HP and Milima GFBOP1.




[image: ]
Fig.A3-026 Coefficients plot for Tiluet HP and Purple CTC.
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Fig.A3-027 Coefficients plot for Tiluet HP and Tiluet MTH.
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Fig.A3-028 Coefficients plot for Tiluet MTH and Kijani DM.
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Fig.A3-029 Coefficients plot for Waldemar Oolong and Extracts 652.
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Fig.A3-030 Coefficients plot for Waldemar Oolong and Kijani DM.
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Fig.A3-031 Coefficients plot for Waldemar Oolong and Milima GFBOP1.
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Fig.A3-032 Coefficients plot for Waldemar Oolong and Newburgh Hyson.
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Fig.A3-033 Coefficients plot for Waldemar Oolong and Purple CTC.
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Fig.A3-034 Coefficients plot for Waldemar Oolong and Tiluet HP.
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Fig.A3-035 Coefficients plot for Waldemar Oolong and Kijani MTH.
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Fig.A3-036 Hotelling’s T2 plot of all 9 teas including coloured legend.
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Fig.A3-037 S-Plot of Chomogonday White v Extracts 652
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Fig.A3-038 S-Plot of Chomogonday White v Kijani DM
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Fig.A3-039 S-Plot of Chomogonday White v Milima GFBOP1.
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Fig.A3-040 S-Plot of Chomogonday White v Newburgh Hyson.
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Fig.A3-041 S-Plot of Chomogonday White v Purple CTC.
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Fig.A3-042 S-Plot of Chomogonday White v Tiluet HP.
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Fig.A3-043 S-Plot of Chomogonday White v Tiluet MTH.
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Fig.A3-044 S-Plot of Chomogonday White v Waldemar Oolong.


[image: ]
Fig.A3-045 S-Plot of Extracts 652 v Kijani DM.
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Fig.A3-046 S-Plot of Extracts 652 v Milima GFBOP1.
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Fig.A3-047 S-Plot of Extracts 652 v Purple CTC.
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Fig.A3-048 S-Plot of Extracts 652 v Tiluet HP.
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Fig.A3-049 S-Plot of Extracts 652 v Tiluet MTH.
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Fig.A3-050 S-Plot of GFBOP1 v Kijani DM.
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Fig.A3-051 S-Plot of GFBOP1 v Purple CTC.
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Fig.A3-052 S-Plot of GFBOP1 v Tiluet MTH.
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Fig.A3-053 S-Plot of Newburgh Hyson v Extracts 652.
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Fig.A3-054 S-Plot of Newburgh Hyson v Kijani DM.
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Fig.A3-055 S-Plot of Newburgh Hyson v Milima GFBOP1.
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Fig.A3-056 S-Plot of Newburgh Hyson v Purple CTC.
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Fig.A3-057 S-Plot of Newburgh Hyson v Tiluet HP.
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Fig.A3-058 S-Plot of Newburgh Hyson v Tiluet MTH.
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Fig.A3-059 S-Plot of Purple CTC v Kijani DM.
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Fig.A3-060 S-Plot of Purple CTC v Tiluet MTH.
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Fig.A3-061 S-Plot of Tiluet HP v Kijani DM.
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Fig.A3-062 S-Plot of Tiluet HP v Milima GFBOP1.
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Fig.A3-063 S-Plot of Tiluet HP v Purple CTC.
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Fig.A3-064 S-Plot of Tiluet HP v Tiluet MTH.
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Fig.A3-065 S-Plot of Tiluet MTH v Kijani DM. 
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Fig.A3-066 S-Plot of Waldemar Oolong v Extracts 652.
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Fig.A3-067 S-Plot of Waldemar Oolong v Kijani DM.
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Fig.A3-068 S-Plot of Waldemar Oolong v Milima GFBOP1.
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Fig.A3-069 S-Plot of Waldemar Oolong v Newburgh Hyson.
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Fig.A3-070 S-Plot of Waldemar Oolong v Purple CTC.
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Fig.A3-071 S-Plot of Waldemar Oolong v Tiluet HP.
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Fig.A3-072 S-Plot of Waldemar Oolong v Tiluet MTH.
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Fig.A3-073 VIP Chomogonday White and Extracts 652
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Fig.A3-074 VIP Chomogonday White and Kijani DM
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Fig.A3-075 VIP Chomogonday White and Milima GFBOP1.
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Fig.A3-076 VIP Chomogonday White and Newburgh Hyson
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Fig.A3-077 VIP Chomogonday White and Purple CTC
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Fig.A3-078 VIP Chomogonday White and Tiluet HP




[image: C:\Users\chsa10\Documents\James Finlay Ltd\NEW 150819\Part 2 (Top 7 ONLY) EZ Info interpretation\VIP Chomogonday White v Tiluet MTH.png]
Fig.A3-078 VIP Chomogonday White and Tiluet MTH
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Fig.A3-079 VIP Chomogonday White and Waldemar Oolong
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Fig.A3-080 VIP Extracts 652 and Purple CTC
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Fig.A3-081 VIP Extracts 652 and Tiluet HP
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Fig.A3-082 VIP Extracts 652 and Tiluet MTH
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Fig.A3-083 VIP Extracts 652 and Kijani DM
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Fig.A3-084 VIP Extracts 652 and Milima GFBOP1
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Fig.A3-085 VIP Milima GFBOP1 and Kijani DM
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Fig.A3-086 VIP Milima GFBOP1 and Purple CTC
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Fig.A3-087 VIP Milima GFBOP1 and Tiluet MTH
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Fig.A3-088 VIP Newburgh Hyson and Tiluet HP
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Fig.A3-089 VIP Newburgh Hyson and Extracts 652
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Fig.A3-090 VIP Newburgh Hyson and Kijani DM
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Fig.A3-091 VIP Newburgh Hyson and Milima GFBOP1
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Fig.A3-092 VIP Newburgh Hyson and Purple CTC
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Fig.A3-093 VIP Newburgh Hyson and Tiluet MTH
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Fig.A3-094 VIP Purple CTC and Kijani DM
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Fig.A3-095 VIP Purple CTC and Tiluet MTH
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Fig.A3-097 VIP Tiluet HP and Tiluet MTH
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Fig.A3-098 VIP Tiluet HP and Milima GFBOP1
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Fig.A3-099 VIP Tiluet HP and Purple CTC



[image: C:\Users\chsa10\Documents\James Finlay Ltd\NEW 150819\Part 2 (Top 7 ONLY) EZ Info interpretation\VIP Tiluet MTH and Kijani DM.png]
Fig.A3-100 VIP Tiluet HP and Kijani DM
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Fig.A3-101 VIP Waldemar Oolong and Tiluet MTH
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Fig.A3-102 VIP Waldemar Oolong and Extracts 652
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Fig.A3-103 VIP Waldemar Oolong and Kijani DM
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Fig.A3-104 VIP Waldemar Oolong and Milima GFBOP1
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Fig.A3-105 VIP Waldemar Oolong and Newburgh Hyson
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Fig.A3-106 VIP Waldemar Oolong and Purple CTC
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Fig.A3-107 VIP Waldemar Oolong and Tiluet HP.
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Fig.A3-108 MS spectrum of Theaflavin.
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Fig.A3-109 MS spectrum of Theaflavin mono gallate.
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Fig.A3-110 MS spectrum of Theasinensin B.
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Fig.A3-111 MS spectrum of Theasinensin C.
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Fig.A3-112 S-Plot highlighting 745.1420 m/z for Kijani DM v Purple CTC including a variable trend plot.
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Fig.A3-113 S-Plot highlighting 786.0923 m/z for Kijani DM v Purple CTC including a variable trend plot.
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Fig.A3-114 S-Plot highlighting 192.0269Da for Kijani DM v Newburgh Hyson including a variable trend plot.
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Fig.A3-115 S-Plot highlighting 210.0740Da for Kijani DM v Newburgh Hyson including a variable trend plot.
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Fig.A3-116 S-Plot highlighting 344.0744Da for Kijani DM v Newburgh Hyson including a variable trend plot.
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Fig.A3-117 S-Plot showing all the ions available to distinguish between Kijani DM and Newburgh Hyson.
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Fig.A3-118 Abundance profile of Theasinensin A across the 9 tea samples.
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Fig.A3-119 Abundance profile of Theasinensin B across the 9 tea samples.
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Fig.A3-120 Abundance profile of Theasinensin C across the 9 tea samples.
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Fig.A3-121 Abundance profile of EGCG across the 9 tea samples.
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1.16_179.0348m/z 0.001577884 0.001137354 1420 58.3 CSID600426
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1.42_579.1713m/z 0.03503991 0.014666908 Infinity 47.6 CSID390868

2.14_445.0793m/z 0.03230936 0.013916118 Infinity 47.5 CSID13083403

2.53_545.1640m/z 0.04965515 0.017881864 Infinity 46.9 CSID1675

2.00_591.1705m/z 0.09648344 0.025998842 Infinity 46.5 CSID10176

1.92_516.1267n 0.07875596 0.02341118 Infinity 44.4 CSID4445093

2.48_707.1806m/z 0.05049218 0.018066294 Infinity 43.8 CSID1405788

1.79_923.2217m/z 0.09482228 0.025788338 Infinity 43.2 CSID4445121

2.42_891.2330m/z 0.0962013 0.02596799 Infinity 43.2 CSID163248

2.09_711.1395m/z 0.00092612 0.001183513 Infinity 42.9 CSID30777604

2.72_1031.2433m/z0.04991138 0.017938392 Infinity 40.9 CSID22912767

1.75_831.2130m/z 0.07052086 0.021951338 Infinity 40.6 CSID97088

1.30_515.1189m/z 0.00713758 0.005128859 Infinity 40.5 CSID22912767

1.92_775.1524m/z 0.09102489 0.025305832 Infinity 40.3 CSID30777654
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