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Summary.

This thesis presents an approach to the development and application of analytical
methodologies to characterise metabolite compounds in processed fruit and vegetable
products from the agroindustry.

In this line, in this thesis were developed ultra-performance liquid chromatography
coupled to photodiode array and tandem mass spectrometry detectors(UPLC-PDA-
MS/MS) methods to determine carotenoids and chlorophylls and their detivatives in
processed fruit and vegetable products. The method developed to analyse carotenoids
was applied to study the changes in the carotenoid profile of commercial monovarietal
fruit juices. The developed method allowed us to identify up to 27 carotenoids in
apple, peach and pear products. Moreover, the methodology allows us to differentiate
the carotenoid profiles from commercial juices and homemade fresh peach and pear
juices, as well as to study the rearrangements of 5,6- to 5,8-epoxycarotenoids. The
method developed to analyse chlorophyll and their derivatives was applied to assess
the fate of chlorophylls in processed vegetable products. The method allowed to
evaluate the degree of processing in teas of different origin and quality. In processed
green vegetable and fruit products were determined mainly pheophytins,
pheophorbides and pyro derivatives and in several products were also detected
copper-chlorophyll derivatives used as food coloring agents.

Also various methodologies and techniques were applied to characterise processed
fibres obtained from juice industry by-products. The phenolic compounds, including
bound phenolic compounds, of the fibres were determined and a comparison of its
content and profile in lyophilised fresh fruit was established. Additionally metabolite
profile and content of the fibres was characterised, and compared with data reported
in previous literature for the corresponding fresh fruit. In this study primary
metabolites such as sugars, sugar alcohols, amino acids, organic acids and fatty acids
and secondary metabolites such as phytosterols, triterpenes, fatty alcohols, alkanes

and carotenoids were analysed.

Finally, with the aim of obtain a methodology to authenticate monovarietal fruit
juices, were used nuclear magnetic resonance spectroscopy (NMR) to analyse primary
metabolites and UPLC-PDA-MS/MS to determine phenolic compounds combined
chemometric tools such as principal component analysis. The PCA from combined
data of primary metabolites and phenolic compounds allowed a satisfactory
discrimination of Alejandrina, Conference, and Blanquilla cultivars in pear juices and
between Miraflores and Spring Lady cultivars in peach purees.



Resum.

En aquesta tesi es presenta el desenvolupament i aplicaci6 de metodologies
analitiques per caracteritzar metabolits en productes de fruita i verdura processats.

En aquesta linia es van desenvolupar metodologies de cromatografia liquida
d'ultra-rendiment acoblada a un detector espectromettia de masses en tandem i un de
mattiu de fotodiodes (UPLC-PDA-MS/MS) per determinar els carotenoides i
clorofil-les i els seus derivats en productes processats de fruites i verdures. La
metodologia per analitzar els carotenoides es va aplicar per estudiar en els sucs de
fruites monovarietals els canvis en el perfil de carotenoides. El meétode ens va
permetre identificar fins a 27 carotenoides en els diferents productes de poma, préssec
i pera. D'altra banda, la metodologia permet diferenciar els perfils de carotenoides
entre sucs comercials i frescos de préssec i pera, aixi com estudiar els reordenaments
de 5,6- a 5,8-epoxicarotenoides. La metodologia per analitzar les clorofil-les i els seus
derivats es va aplicar per avaluar la transformaci6 de les clorofil-les en productes
vegetals processats. El métode permet avaluar el grau de processament en tes de
diferent origen i1 qualitat. En els productes vegetals processats es van determinar
principalment feofitines, feoférbidos 1 els seus piro-derivats, també es van detectar

derivats de la clorofil-la tractada amb coure utilitzats colorants alimentaris.

També varies metodologies i tecniques es van utilitzar per caracteritzar fibres
processades obtingudes a partir de subproductes de la industria del suc. Es van
determinar els compostos fenolics de les fibres i es va establir una comparacié amb el
contingut i perfil trobat en la fruita fresca liofilitzada. A més a es va caracteritzar el
perfil i el contingut de metabolits de les fibres i es va comparar amb les dades
reportades en la literatura per a fruita fresca. En aquest estudi es van analitzar els
metabolits primaris com ara sucres, alcohols de sucre, aminoacids, acids organics i
acids grassos i metabolits secundaris com ara fitosterols, triterpens, alcohols grassos,

alcans i carotenoides.

Finalment, amb l'objectiu d'obtenir una metodologia per autentificar els sucs
monovarietals de fruites, es van utilitzar la ressonancia magnética nuclear (metabolits
ptimatis) i la UPLC-PDA-MS/MS (compostos fenolics) en la detecci combinats amb
eines quimiomeétriques com ara l'analisi de components principals (PCA). El PCA a
partir de dades combinats va permetre una discriminacio satisfactoria de les varietats
Alexandrina, Conference i Blanquilla en sucs de pera i entre les varietats Miraflores i
Spring Lady en purés de préssec.



Resumen.

En esta tesis se presenta el desarrollo y aplicacién de metodologias analiticas para

caracterizar metabolitos en productos en productos de fruta y verdura procesados.

En esta linea se desarrollaron metodologias de cromatografia liquida de ultra-
rendimiento acoplada a un detector espectrometria de masas en tindem y uno de
mattiz de fotodiodos (UPLC-PDA-MS/MS) para determinar los carotenoides y
clorofilas y sus derivados en productos procesados de frutas y verduras. El método
analitico desarrollado para analizar los carotenoides se aplicé para estudiar en los
zumos de frutas monovarietales los cambios en el perfil de carotenoides. El método
desarrollado nos permitié identificar hasta 27 carotenoides en los diferentes
productos de manzana, melocotén y pera. Por otra parte, la metodologfa permite
diferenciar los perfiles de carotenoides entre zumos comerciales y frescos de
melocotén y pera, asi como estudiar los reordenamientos de 5,6- a 5,8-
epoxicarotenoides. El método analitico desarrollado para analizar las clorofilas y sus
derivados se aplicé para evaluar la transformacién de las clorofilas en productos
vegetales procesados. El método permite evaluar el grado de procesamiento en tés de
diferente origen y calidad. En los productos vegetales procesados se determinaron
principalmente feofitinas, feoférbidos y sus piro-derivados, también se detectaron
derivados de la clorofila tratada con cobre utilizados como colorantes alimenticios.

También, diversas metodologias y técnicas se utilizaron para caracterizar fibras
procesadas obtenidas a partit de subproductos de la industria del zumo. Se
determinaron los compuestos fenolicos de las fibras y se establecié una comparacién
con el contenido y perfil encontrado en la fruta fresca liofilizada. Adicionalmente se
caracterizé el perfil y contenido de metabolitos de las fibras y se comparé con los
datos reportados en la literatura para fruta fresca. En este estudio se analizaron los
metabolitos primarios tales como azicares, alcoholes de azucar, aminoacidos, acidos
organicos y 4acidos grasos y metabolitos secundarios tales como fitoesteroles,

triterpenos, alcoholes grasos, alcanos y carotenoides.

Por ultimo, con el objetivo de obtener una metodologia para autentificar los
zumos monovarietales de frutas, se utilizaron la resonancia magnética nuclear
(metabolitos  primatios) y la UPLC-PDA-MS/MS (compuestos fendlicos)
combinados con herramientas quimiométricas tales como el analisis de componentes
principales (PCA). El PCA a partir de datos combinados permitié una discriminacion
satisfactoria de los cultivares Alejandrina, Conference y Blanquilla en zumos de pera
y entre los cultivares Miraflores y Spring Lady en purés de melocoton.
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1. Introduction.

Fruit intake is highly-recommended. Approximately one third of total daily food
intake should include fruits and vegetables distributed in each meal and also as
snacks [1]. But fresh fruits and vegetables are highly perishable products due to their
high water content (over 90 %) and once harvested they begin to undergo a rapid
process of degradation, loss of consumer appeal and an increase of its potential
microbial spoilage [2]. In this context, processing technologies are being utilised to
transform these perishable fruits and vegetables into safe, delicious and stable
products. In addition, processing technologies allow the consumption of fruit and
vegetable products during all the year independently of the growing area of the fruit
or vegetable.

Fruit and vegetables are attractive foods due to their flavour, appearance and
they have nutritious components that are important contributors to a healthy diet.
In these quality parameters a diverse variety of organic compounds are involved
which are the product of primary and secondary metabolism [3]. Some non-volatile
primary metabolites are essential components of taste [4], which combined with
smell provided by volatile compounds, is associated to flavour perception [5]. Also,
some primary and secondary metabolites play an important role in the colour of
fruit and vegetables, which directly influences their appearance and attractiveness. In
recent years, the role of some secondary metabolites as protective dietary
constituents has become an increasingly important area of human nutrition research.
Unlike the traditional vitamins they are not essential for short-term well-being, but
there is increasing evidence that modest long-term intakes can have favourable
incidence against cancers and many chronic diseases [1, 6]. The amount of these
metabolites improves and increases as fruits approach to their maturity peak and
decreases after their harvesting. In these circumstances, processing converts fruits
and vegetables in processed products with a stable colour, flavour and nutrients,
reduces the loss of nutritious components and moisture and controls the growth of
microorganisms. However, depending on the processing technology used, the
primary and secondary metabolites are maintained in a different extend.

This introductory chapter first contains the basic concepts and description of the
main processed fruit and vegetables and secondly a description of non-volatile
primary and secondary metabolites. The second part delves into the effect of
processing over each type of compound, as well as the analytical methodologies
established to analyse them in fruit and vegetable products. The experimental
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section of this thesis consists of three chapters, the first is Development of UPLC-
PDA-MS/MS methods to determine the carotenoids and chlorophylls and their derivatives in
processed fruit and vegetable products, the second is Characterisation of primary and secondary

metabolites in processed fibres from juice industry and the last is Analysis of primary metabolites
and polyphenolic compounds to anthenticate monovarietal fruit juices.



1.1. Processed fruit and vegetables
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In some countries agriculture is the mainstay of the economy so that it should be
no surprise that agricultural industries and related activities can account for a
considerable percentage of their output. Fruit and vegetable processing activities
have been set up, or are established in countries for one or another of the following
reasons [7]: diversification of the economy, reduction of imports, stimulation of
agricultural production, generation of both, rural and urban employment, reducing

of fruit and vegetable losses and generation of new income sources for farmers.

The growth in global per capita income has spurred growth in global demand for
food. In addition, the rising global health trend has increased consumer demand for
high-quality and more diverse fruit and vegetable products [8]. Simultaneously,
improvements in logistics and production processes have enabled the industry's
larger multinational companies to increase their production and more efficiently
distribute their products over geographically disperse markets. Under these
circumstances, and considering that fruit and vegetable juice industries are very
important in Europe where the processing industry of fruits and vegetables has
great historical roots [9], it is understandable that fruit juice exports in 2013 were led
by Developed Europe (Figure 1). Other areas that stand out in terms of export are
Latin America and Caribbean in fruit and vegetable juices and Eastern Asia in
prepared or preserved vegetables. In terms of imports the richer developed zones as
Europe and North America dominate. However, processed fruit and vegetable
products demand has grown strongly in the developing world over the past ten
years due to industrialisation, urbanisation of the population and increased incomes
[10]. This has led to an increase in demand for processed fruit and vegetable
products as the developing wortld’s population has increased its consumption ratio
of processed to unprocessed food [8].
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Imports Exports = Trade balance Imports w— Exports == Trade balance
Developed Asia-Pacific Developed Asia-Pacific
Developed Europe Developed Europe
Developed N. America Developed N. America
South-eastem Europe South-eastern Europe
CIs CIS
Northern Africa Northern Africa
Sub-Saharan Africa Sub-Saharan Africa
Latin Am, Caribbean Latin Am, Caribbean
Eastern Asia Eastern Asia
Southern Asia Southern Asia
South-eastern Asia South-eastern Asia
Western Asia Western Asia
Oceania Oceania
R r1r 11 T T"1] I I I I I I | |
S % S > A0S % B % e “ Q % & » ®

Figure 1. Trade balance of fruit and vegetable juices, unfermented and without added spirit by MDG
Millennium Development Goals) regions in 2013 [10].

The main objective of fruit and vegetable processing is to supply wholesome,
safe, nutritious and acceptable food to consumers throughout the year. Whilst most
fruit and vegetables should be eaten fresh, processed fruit and vegetables can be

acceptable alternatives. They come in many forms, including [11]:
e Fruit and vegetable juices and certain similar products.
e Canned fruit pulp and vegetables.
e  Preserves, jams and jellies.
e Dried fruit and vegetables.
e Fruit and vegetable fibres.
1.1.1. Fruit and vegetable juices and certain similar products.

Within the European union (EU), fruit juice is regulated by Council Directive
2001/112/EC [12] relating to fruit juices and certain similar products intended for
human consumption, last amended by Directive 2012/12/EU of the European
Parliament 19 April 2012 [13]. Vegetable juices, are not covered by the fruit juice
directive, however, due to the many similarities, for best practice it would seem
sensible to treat them in the same way [14]. In this document the characteristics and
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names of the regulated products are defined. They include fruit juice (also referred
as juice not from concentrate), fruit juice from concentrate, concentrated fruit juice,
water extracted fruit juice, dehydrated/powdered fruit juice and fruit nectar. Fruit
nectar is obtained by adding water with or without the addition of sugars and /or
honey to the products above mentioned, to fruit puree and/or to fruit puree and/or
to a mixture of those products [13]. Since various manufacturers of industrial
transformation of fruit have collaborated in this thesis providing extensive range of
regulated products and other products (referred in Council Directive 2001/112/EC
as raw materials) such as juices, concentrates and purées, the main products and
industrial processes for their production are described below in more detail [15, 106].
These detailed products are puree, juice not from concentrate (clear or cloudy) and

concentrated juice (clear or cloudy).

Juice processing involves various stages some of which are common to all
products whilst some others are specific to each product. Figure 2 shows a general
outline of the steps involved to obtain fruit juices and purees. Next, the main steps
involved in obtaining each product are disclosed in more detail. Although there are
differences between each processing plant, processing usually begins with the
washing and sorting of the fruit to ensure it is cleaned and graded for use. Washing
is typically conducted with a high-pressure soak or spray system [17]. Sometimes it
involves a surfactant or detergent, which is added in order to release stubborn
attached soil from the fruit. In some fruits, processing requires a high-quality wash
to ensure the safe removal of microorganisms responsible for mycotoxin formation.
For example, in apple it is necessary to avoid the formation of patulin [18]. To
obtain their juice, fruits need to be milled; crushed or chopped. Other common
stages for certain types of products, are bleaching in the case of some vegetables and
destoning for stone fruits [19].

Puree.

According to the Council Directive 2001/112/EC fruit puree is defined as a raw
material and described as the fermentable but unfermented product obtained by
sieving the edible part of whole or peeled fruit without removing the juice [12].
Puree retains all of the juice and a large proportion of the fibrous matter naturally
found in the fruit. Only seeds or stones and, sometimes, excess insoluble fibres are
removed during the processing. Once this has been done, the fruit is placed in an
extractor to remove any unwanted fibre, skin particles or remaining seeds, leaving
the smooth pulp and juice of the fruit [20].
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Figure 2. Typical fruit juice (¢ear or clondy) and puree-processing steps.
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Then an enzyme deactivation process is applied and, if necessary, a de-aeration
step to prevent the oxidation during heat treatments such as pasteurisation [21]. To
increase the shelf life, the puree may then be pasteurised using a controlled
time/temperature regime that allows reducing microbiological load whilst
maintaining as much of the colour, flavour and aroma of the fruit as possible.
Finally, the puree is generally further passed through a sieve (or multiple stages of

sieves) to ensure the final product is sufficiently smooth and homogenous [22].
Juice Not From Concentrate.

Juice not from concentrate (NFC) is the fermentable but unfermented product
obtained from fruit which is sound and ripe, fresh or preserved by chilling, having
the characteristic colour, flavour and taste typical of the juice of the fruit which it
comes. No water is added or removed, and process techniques are designed to
retain as much of the character of the raw fruit as possible. NFC juices can be

categorised by pulp content as cloudy ot clear:

Clondy: Most juices are naturally cloudy when squeezed/pressed. This is due to
fine pulp particles suspended in the product that do not allow light rays to pass
through the juice, generating the scattering phenomena [21]. Cloudy juices undergo
less processing than their clarified counterparts and so they retain slightly more of
the natural character of the fruit from which they are made [20].

Clarified: Clarified juices are processed to remove the fine suspended particles of
pulp that naturally give a cloudy appearance to most juices. There are a number of
methods by which this can be undertaken, depending on the type of fruit and
available processing facilities and in a manner that minimises the impact of the extra

processing on the quality of the juice [14].

The general process carried out in a typical fruit juice line (Figure 2) consists in
several steps that include washing and sorting of the fruit followed by destoning or
deseeding and milling. Next, product is submitted to an enzyme treatment to break
down pectin so as to increase the juice yield [23]. The pulp is then passed through a
press that extracts the juice by applying physical pressure. In the case of citrus fruits,
enzymatic treatment is not necessary and the pressing is replaced by an extractor
where the juice is separated from the pulp and skin of the fruit. The obtained juice is
cloudy and is then placed in a centrifuge where high speed is used to push the juice
through the inner basket and out of the machine whilst retaining any larger particles
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of pulp and other solids. [24]. If clear juice is required, juice clatifying can be
performed by ultrafiltration (UF). UF has been replacing traditional processes, such
as the use of finning agents (clarification), filtration additive in press-filters
(filtration) and the use of flocking agents (flocculation) [25].

Finally, NFC juice may be pasteurised (sometimes with flash heating) to control
the microbiological load of the product in order to improve storage and shelf life.

Concentrated juice and puree.

Concentrated fruit juice is a regulated product. In contrast concentrated puree is
defined as a raw material [12]. Concentrated juice and puree are processed to
remove a defined proportion of the natural water content found in the fruit ending
in a product that is approximately 3 to 7 times more concentrated than the original
and, therefore, smaller in volume. Commonly, clear juice concentrates have about
65-70 °Bx, cloudy juice concentrate about 40-60 °Bx and puree concentrate around
16, 20 or 30 “Bx [15, 106]. Concentrates can be stored for longer periods of time and
at more convenient temperatures than NFC fruit juices. This can greatly reduce the
costs required for transportation of equivalent volumes of concentrate, which can
then be returned to its single-strength state by reconstituting with water once it
reaches the final processing destination [20].

The common scheme applied to obtain concentrate products includes the same
process carried out to obtain the desired processed product followed by the
concentration steps [26]. Concentration steps involve the processing of juice
through an evaporator, which typically concentrates the product in a seties of
multisteps. These steps minimise the heat that must be applied to the juice,
protecting the colour and flavour of the fruit. Commonly, evaporators operate at
low pressure, allowing faster water evaporation at lower temperatures and
minimising quality loses during juice processing [27]. Sometimes, the concentrated
product is then pasteurised, but this is not necessary for all packaging formats
because the evaporator stage applies sufficient heat to control microbiological
activity in the product. In this case is necessary to sterilise the filling line and fill
drums with steam. As the concentrate is a raw material, it is generally pasteurised
when it is reconstituted with water ready to be packed into a consumer format [21].
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1.1.2. Canned fruit pulp and vegetables.

Canning is a method of preservation in which a cooked or uncooked food is
sealed in tin plated and lacquered steel cans. The first step is washing and sorting of
the fruit or vegetables (Figure 3)[28]; the criteria of fruit selection differs, in terms of
quality, from that applied to fruit juices and other products related above.
Commonly fruit is from selected varieties, which have been harvested and quickly
transported to the fruit processing plant. Sometimes, fruits are ripened in controlled
ripening chambers or left for natural ripening in open yard [29]. Fruits can be
canned in slices, rings, cubes etc. along with sugar syrup of desired brix degrees.
Before filling, cans are washed with hot water and sterilised and sometimes these are
subjected to a jet of steam to remove dust and foreign material, then an automatic
large can-filling machines are used. After filling, the process of removal of air from
cans is known as exhausting. There are three methods of exhausting: thermal
exhausting, steam flow or steam vac and high speed mechanical vacuum [30].
Immediately after exhausting the cans are sealed, they are sterilised by heat
treatment under high pressure retort.

Vegetable canning is similar to fruit canning except that the filling component in
this case is a brine solution. They also need specific requirements of processing
temperature, time and type of cans [31]. Since vegetables are low in acid they do not
usually require lacquered cans.

1.1.3. Dried fruit and vegetables.

Dehydration is among the oldest and most common forms of fruit preservation.
In dehydration, moisture in the fruit is driven off; leaving a stable food that has
moisture content below that at which microorganisms can grow. There are three
basic systems for dehydration: sun drying, such as that used for raisins; hot-air
dehydration; and freeze-drying [17].

The advantages of dehydration are various, dehydrated fruit has a virtually
unlimited shelf life under proper storage conditions. In addition, dehydrated fruits
are typically reduced in weight by 75 to 90 percent and its lack of need of
refrigeration, and handling and transportation conditions, allow to reduce the
associated cost dramatically. To obtain a convenient dehydrated product form
usually requires a careful inactivation of enzymes. This is usually accomplished by
blanching of the fruit or by chemical inactivation [32].
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Figure 3. Typical process flow for fruit or vegetable canning (A) and jam making (B).

1.1.4. Fruit and vegetable fibres.

Due to increasing production, waste disposal represents a growing problem since
plant material is usually prone to microbial spoilage, thus limiting further
exploitation. Therefore, agro-industrial waste is often utilised as feed or as fertilizer.
However, demand for feed may be varying and dependent on agricultural yields.
The problem of disposing by-products is further aggravated by legal restrictions.
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Thus, efficient, inexpensive and environmentally sound utilisation of these materials
is becoming more important especially since profitability and expenses may suffer

3.

Fruit and vegetable wastes can be reused because of the health-promoting
components and other valuable ingredients that they contain (e.g., carbohydrates,
proteins, mineral substances and flavours) [34]. An appropriate fruit and vegetable
waste management might considerably reduce the cost of transport and utilisation.
Another advantage, in economic terms, is the potential reuse of by-products as raw
materials for the manufacture of new products, thus making it possible to reduce
the troublesome seasonal pattern from which some industries suffer [35]. Recently,
different fibres obtained as fruit and vegetable by-products have been described [35-
38]. These fibres, in addition to their physicochemical properties, can also be
considered a functional food.

The ‘ideal dietary fibre’ should meet the following requirements [39]:
1. Have no nutritionally objectionable components.

2. Be as concentrated as possible so that minimum amounts can have a
maximum physiological effect.

3. Be bland in taste, colout, texture and odout.

4. Have a balanced composition (insoluble and soluble fractions) and adequate
amounts of associated bioactive compounds.

5. Have a good shelf life that does not adversely affect that of the food to be
added.

6. Be compatible with food processing.

7. Have the right, positive image to the eyes of the consumer with regard to
source, wholesomeness, etc.

8. Have the expected physiological effects.
9. Be reasonable in price.

In this regard, and just as it happens in other processed products from fruit and
vegetables, there is a need to develop processes for the preparation of fruit fibres
that minimise the losses of associated bioactive compounds (flavonoids,
polyphenols, carotenes, etc) which may exert higher health promoting effects than
the dietary fibre itself. Wet milling, washing, drying and dry milling are very
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important in producing fibres from fruits. Drying step should be optimised since
this assures the absence of pathogen microorganisms and the possibility to preserve
the dried by-products in safe conditions during a long time until their valorisation. It
also assures the maximum content of the functional phytochemicals with
antioxidant and antimicrobial activity [40]. Figure 4 shows a process flow to obtain
food fibres from several fractions coming from juice production lines [16]. This
dehydrated production line has stages of homogenisation and milling both pre- and
post-drying, and a step of sieving to obtain a homogeneous product as attractive as

possible from a commercial point of view.
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Figure 4. Process flow to obtain fruit or vegetable fibres from juice industry by-products.



1.2. Determination of primary and secondary metabolites of processed fruit
and vegetables
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1.2.1. Primary metabolites.

Primary metabolites such as carbohydrates, organic acids, amino acids, and fatty
acids are involved in plant growth and development, respiration and photosynthesis,
and hormone and protein synthesis [41].

1.2.1.1. Carbohydrates, organic acids and amino acids.

Free sugars, organic acids and amino acids are natural constituents of many fruits
and vegetables and play an important role in quality attributes and determining
nutritive value [41]. The nature and concentration of these constituents in fruits and
vegetables are also of interest because of their important organoleptic properties.
Free sugars are one of the most important constituents of fruits and vegetables.
Monosaccharides and disaccharides, such as fructose, glucose and sucrose, are
considered to be the major sugars in most fruits contributing to the flavour of fruits
[42]. Organic acids and amino acids and their derivatives also affect the quality of
foods including taste, aroma and colour [43]. Fruit sweetness depends on the
concentration of the main sugars and can be evaluated based on the following
classification relative to sucrose: fructose (1.2) > sucrose (1.0) > glucose (0.64).
Similarly, sourness or acidity is dependent on the predominant organic acids. In this
case, the degree of acidity of each compound can be classified in relation to citric
acid: citric (1.0) > malic (0.9) > tartaric (0.8). Some amino acids, such as aspartic and
glutamic, can also be associated with the acidity [44]. Then, sugars, organic acids and
amino acids present in food and their relative ratios, can affect the chemical and
sensorial characteristics of the matrix (e.g., pH, total acidity, microbial stability,
sweetness, global acceptability), which explains the increasing interests in their
determination. Although it has been reported in the literature that organic acids [45],
sugars [46] and amino acids [47] are not altered during the most common fruit and
vegetable industry processes, their analysis can contribute with precious information
about food quality or on the optimisation of some selected technological processes.
Consequently, accurate identification and determination of organic acids and sugars
in fruit juices has to be considered a very important goal since it provides useful
information on the nutritional quality, the authenticity of the product and
microbiological alteration processes.

Several methods have been published for the analytical determination of sugars,
organic acids and amino acids in processed fruit and vegetables. Apart from the

differences in structure, which already determine the most appropriate method of
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analysis, the differences in concentration between families of these kind of products
difficult a precise and accurate simultaneous determination of all compound groups.
The most commonly used analytical techniques for the determination of sugars and
organic acids in processed foods and, in particular, in fruit and vegetable juices, are
based either on high performance liquid chromatography (HPLC) [48, 49] or on
colorimetric enzymatic measurements [49]. The main detectors coupled to HPLC
are refractive index detector (RID) and evaporative light scattering (ELSD) for
sugars and ultraviolet (UV) detection at 210 nm for organic acids, although some of
them lack of sensitivity and selectivity. In contrast, mass spectrometry presents high
sensitivity and selectivity, but has high analytical cost and has a narrower linear
range. Regarding to amino acids determination in fruit and vegetable products, the
analytical methods used are mainly based in HPLC with photodiode array (PDA)
and fluorescence detection (FLD), including pre or post-column derivatisation (e.g.,
O-phthaldialdehyde -OPA-, ninhydrin, phenylisothiocianate -PITC-, fluorescamine,
9-fluorenylmethyl chloroformate -FMOC-, ...) [50, 51|, others based in mass
spectrometry detection with pre-column derivatisation (e.g, dansyl chloride -DNS-,
diethyl ethoxymethylenemalonate -DEEMM-, p-N,N ,N-trimethylammonioanilyl N'-
hydroxysuccinimidyl carbamate iodide -TAHS-, 6-aminoquinolyl-N-
hydroxysuccinimidyl carbamate -AQC-, ...) [52] and others based in using non
reversed-phase chromatography [53, 54]. On the other hand, it has been published
the simultaneous identification and quantitation of sugars, sugar alcohols, carboxylic
and amino acids by gas chromatography (GC) coupled to mass spectrometry (MS)
from a single solution, in one single injection, as their trimethylsilyl ether/ester
derivative (TMS) in the case of free hydroxyl and carboxyl groups, and the
corresponding oxime derivative in the case of the carbonyl group of sugars [55-58].
In the case of matrices containing constituents with various functional groups as in
the case of the samples included in this study, the GC-MS of their TMS/oxime
ether/ester derivatives is the method of choice [55, 56]. In terms of MS, the
common ionisation source applied is electron ionisation (EI), also formerly known
as electron impact ionisation. Despite the high fragmentation produced by EI,
which difficult or avoids the molecular ion, the spectra observed under standard
conditions are reproducible and independent of the instrument used. This feature
has allowed to create extensive available spectral libraries, which include chemical
derivatised compounds (e.g, amino acids, organic acids and sugars) and facilitates
their identification without standards. In addition, studies on the fragmentation
patterns of various homologous series of acids [59], as well as on the well-defined
and characteristic proportions of oximes from reducing sugars, allows their
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separation and determination in the presence of each other. This has been achieved
even at largely different concentrations of both groups of compounds in fruits and
vegetables and also in their processed products such as orange juice [60, 61] or
quince juice [62]. Despite the clear advantages, it should also be noted that it
involves a long sample preparation process and the introduction of variability
through derivatisation. In addition, problems related to steric hindrance might lead
to mixtures of fully and partially derivatised analytes and the analyst should be aware
of the possible formation of artefacts during the trimethylsilylation process.

Though less sensitive than HPLC or GC, nuclear magnetic resonance (NMR)
has several advantages. It is nondestructive, selective and capable to perform the
simultaneous detection of a great number of low molecular mass components in
complex mixtures. Moreover, sample preparation is easy to carry out and less time
consuming. Solid-state NMR and '"H-NMR relaxometry [63, 64] have been largely
discussed, and several applications can be found in literature. In solid-state NMR
spectroscopy, high-resolution magic angle spinning (HR-MAS) has recently been
successfully used in foodstuff characterisation, in particular of fruits and vegetables.
HR-MAS offers an almost unique opportunity to obtain highly resolved NMR
spectra without any chemical, physical and/or biological manipulation of the
sample. Nevertheless, high-resolution NMR spectroscopy of liquid extracts remains
the most common approach. [65, 66]. Metabolite identification is usually obtained
by means of 1D and 2D experiments [67], spiking experiments (i.e., addition of
standard compounds to the analysed sample), literature data and by comparison

with databases of standard compounds.

Several works have suggested 'H-NMR analysis for the identification as well as
for quality control of fruit and vegetable juices. Several classes of compounds
ranging from main sugars to minor compounds such as amino acids are observable
in the '"H-NMR spectra of fruit juices (Figure 5). "H-NMR allows two kinds of
analysis of fruit and vegetable juices within one experiment: namely targeted and
non-targeted determination. In the first one, signals are previously selected, based
on descriptions in the literature, in order to quantify the compound. So far, this
approach has been detailed for different fruits such as apple [68-70], peach [71], pear
[72], orange[73, 74], grape [73, 75], mango [76-78], kiwi [79] and tomato [80, 81] and
vegetables as lettuce [82], onion [83], sweet pepper [84] and carrot [85]. Literature
provides absolute quantification examples of the major metabolites including
soluble sugars [85], organic acids [86, 87|, amino acids [88] and some major
secondary compounds [80, 81]. In contrast, the non-targeted determination uses all
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spectrum signals and employs multivariate statistical analysis to build a model to
predict facts as if a juice has been adulterated or to foresee its geographical origin. In
this sense, it is interesting to highlight that a novel 'H-NMR analyser was
commercialised under the trade name “JuiceScreenet” [89, 90], that combines
statistical modelling with molecule specific signal analysis making it a powerful tool
for food quality assessment. Combining both, targeted and non-targeted analysis,
Juice Screener simultaneously evaluates, within a few minutes, a large number of
quality-related parameters (e.g., for apple juice, it allows the quantification of 24
substances and provides 4 calculated values (i.e., glucose/fructose ratio, malic
acid/quinic acid ratio, % suctrose, and total sugar) as well as some authenticity-
related parameters (e.g., type of juice and geographical origin). Whilst this has
advantages, especially as the operator needs only minimal training, the
implementation of underlying algorithms and data validation is opaque to the user.
There is current research to validate the NMR JuiceScreener methods for analysing
different juice matrices (fruit types) in order that the method may be applicable for
quantitative juice measurements in official food control (regulation (EC) No.
882/200).
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Figure 5. "TH-NMR spectra of an apple juice and two enlargements showing signal assignments of a
few key compounds. The x-axis corresponds to the chemical shifts of the proton resonances,
which are dependent on the chemical environment of the protons (e.g., type of bonds and
neighbouring atoms). The y-value is lineatly dependent on the molarity of the corresponding
proton(s) [90].
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1.2.1.2. Fatty acids.

The edible part of fruits and vegetables generally contains very low levels of lipid
material (0.1%—-1.0%) and as such, they do not constitute an important source of
edible or industrial fats and oils [91]. A few notable exceptions are nuts, avocado,
palm, and olive. Nevertheless, even a small amount of lipids present in a food
product makes it more palatable and satisfying, facilitates the utilisation of proteins
and fat-soluble vitamins and serves as the structural material of cell membranes in
all tissues [92]. Each fatty acid plays a significant role in normal biological functions
and in relation to major problems in health and agriculture. The type and quantity of
fatty acids as well as the position and distribution of these fatty acids in the
triacylglycerol molecule determine their chemical, physical, and functional properties
[93]. The knowledge of the fatty acid composition may help to facilitate new food
product development. During the processing of fruits and vegetables, several types
of oxidative reactions may occur leading to the formation of an oxidised form.
These reactions cause browning reactions, loss or changes to flavour or odour,
changes in texture and loss of nutritional value due to the destruction of vitamins
and essential fatty acids. These changes are important in fruits and vegetables.
Especial problems arise in seed crops and lipid-containing vegetables leading to the
development of rancid flavours and oxidation products that may have toxic
properties at high levels [94]. On the other hand, the processing of many fruits
results in the accumulation of large quantities of seeds and kernels. Proper utilisation
of these by-products could reduce waste disposal problems and serve as a potential
new source of fats and proteins to be used in food and feed. The lipid content in
seeds can be high, ranging in most cases between 20% and 60%. Moreover, most
oils obtained from fruit seeds have a greater percentage of unsaturated than

saturated fatty acids [91] increasing the capability of oxidative reactions.

Analysis of fatty acids (FAs) is always preceded by a lipid extraction normally
using a solvent system. Various alternatives have been reported; such as
Chloroform/methanol (2:1, v/v) [95], Chloroform/methanol (1:2, v/v) [96],
Hexane/isopropanol (3:2, v/v) [97], Chloroform/isopropanol (7:11, v/v) [98] and
Chloroform/methanol/12 N HCI (2:4:0.1, v/v/v) [99]. Analysis of FAs becomes
even more complex because, although they can occur in nature as free FAs, they are
usually found in the form of esters linked to glycerol (glycerolipids defined as
monoacylglycerols -MAGs-, diacylglycerols -DAGs- and triacylglycerols —TAGs-
and their derivatives), long chain aliphatic alcohols, and amides as sphingolipids.
Liquid chromatography (LC) coupled to MS or tandem mass spectrometry
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MS/MS) (LC-MS or LC-MS/MS) with soft ionisation such as electrospray
ionisation (ESI), that can generate the intact species such as [M+H]* or [M+NH4|",
have mainly been used for the structural characterisation of different classes of
glycerolipids. The separation of neutral lipids has successfully been performed using
normal-phase (NP) columns based on thin-layer chromatography which has also
been extensively used to isolate these compounds. Also, LC coupled with MS has
been used for the separation and characterisation of phospholipids or sphingolipids.
Despite the great information about the composition of FAs given by LC-MS
technique, the robustness and precision of GC with flame ionisation detection
(FID) should not be underestimated. FID is robust and has a high dynamic range,
allowing an accurate quantification. Fatty acid methyl esters (FAMEs) are used
almost universally for GC analysis of fatty acids. The fatty acid chain is converted to
low molecular weight nonpolar derivatives. To prepare methyl and other esters of
FAs , it is not necessary to previously release the free FAs acids from the lipids by
hydrolysis as they can be directly transesterified [100, 101]. FAs, the major
constituents of most of the lipid components present in foods, are then converted
into FAMEs and analysed by GC/FID. Because of the huge structural variety of
FAs (chain lengths from 4 to 28 carbons, 0-6 double bonds including s and #rans
isomers, alkyl branches, and functional groups), co-elution is inevitable on virtually
all GC stationary phases. Therefore, to assert the fatty acid identification, two
columns with different chromatographic phase are used in many cases. For these
reasons, GC coupled to EI-MS analysis in the full scan and selected ion monitoring
(SIM) modes have been used for verification of the results obtained by GC/FID.
Because of the higher selectivity of this detection method, co-eluting pairs of FAs
can be identified [37]. Recently, comprehensive two dimensional gas
chromatography (GC X GC) has arisen as an interesting complementary technique
to analyse fatty acids from different sources [37]. The few studies published on fruit
and vegetable fatty acids analysis have been performed with GC coupled to FID.
Fatty acid profiles for fruits and vegetables are mainly composed of unsaturated
fatty acids, specifically oleic (18:1), linoleic (18:2) and linolenic (18:3) [102].
Regarding fruit juices, Arena et al. studied the composition of FAs in two types of
Italian blood orange juices, one NFC and another reconstituted from concentrate
(RFC). Significant differences in fatty acid distribution have been found in the
isolated fractions, but each class exhibits similar profiles both in NFC and in RFC
juices, indicating that no selective degradation of any acid occurs during the process
of thermal evaporation. Four fatty acids (linoleic, palmitic, linolenic, and vaccenic)
constitute 88% of total fatty acids [103].
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1.2.1.3. Chlorophyll and derivatives.

Chlorophyll is an extremely important biomolecule, critical in photosynthesis,
which allows plants to absorb energy from light. Chlorophyll molecules are
specifically arranged around photosystems that are embedded in the thylakoid
membranes of chloroplasts. The function of most chlorophylls is to absorb light
and transfer that light energy to reaction centres [104]. Chlorophyll and its
derivatives have a long-established history of use in medical applications. Natural
chlorophyll and commercial grade derivatives such as sodium copper chlorophyllin
(SCC) have been widely investigated for a range of beneficial biological activities,
such as anti-inflammatory, wound healing, internal deodorisation [105] and recently
described antioxidant and antimutagenic activities has attracted an increasing
number of studies as a tool for preventing human cancers [106]. Chlorophyll is a
tetrapyrrole based compound which structure consists of a porphyrin ring
coordinated to a central atom and a long phytol group in the tail. This structure is
similar to the heme group of hemoglobin, but with a central magnesium in place of
iron atom [107]. There are actually two main types of chlorophyll, named « and 4,
(Figure 0).
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Figure 6. Basic chemical structure of chlorophylls z and 4.
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Chlorophyll z is the primary photosynthetic pigment in plants, whilst chlorophyll
b is an accessory pigment that acts indirectly in photosynthesis by transferring
energy to chlorophyll 2. They only differ slightly, in the composition of a side chain
(a -CHj3 group in a is, a CHO group in b), translating these structural differences in
different pigmentation. Whilst chlorophyll # has a blue/gteen coloration with a
maximum absorbance at 660-665 nm, chlorophyll 4 has its maximum between 642-
652 nm and green/yellow colour [108].

Chlorophyll is the pigment responsible for the green colour in fruit and
vegetables, which is an indicator of the quality and attractiveness of these to
consumers. High levels of chlorophyll have been described in fruits such as kiwi,
avocado, pear and apple skins and in vegetables such as broccoli, spinach, zucchini,
etc [109, 110]. Other foods also considered as very rich sources of chlorophyll have
been algae and teas [111, 112]. The decomposition of chlorophylls in foods and the
analysis of chlorophyll derivatives have been the subject of numerous investigations
because of the importance of these pigments in the maintenance and quality of
colour in fruit and vegetable products. It has been stated that chlorophylls are
susceptible to chemical changes during processing, arising different chlorophyll
derivatives. Processing leads to acid release that provokes the central magnesium
atom replacement by hydrogen ions, rendering a chlorophyll derivative referred as
pheophytin [113, 114]. During processing, endogenous enzymatic activity can also
induce dephytilation of chlorophyll , mainly rendering pheophorbide, and
chlorophyllides under high pH conditions [115] (Figure 7). Demetalitation and
epimerisation are also promoted during processing and an additional
decarbomethoxylation can happen, mainly originating pyropheophytin. The loss of
green color due to the loss of magnesium from the porphyrin ring produces a loss
of attractiveness of the product to the consumer. In this context, the formation of
metallo-chlorophyll complexes has been studied to re-green processed vegetable and
fruit products. Copper and zinc are the metals mainly inserted in the porphyrin ring.
The metallo-chlorophyll complexes are more stable than the naturally occurring
magnesium one. In this way several green food colorants are reported and regulated
in the list of food additives of European Union [1106]. Within the green colorants, E-
140 is a chlorophyll extract commonly obtained by organic solvent extraction of
nettles, spinach and grass. E-141 is obtained by the addition of copper to the extract
of E-140. E-141() and E-141 (i) are hydrosoluble and liposoluble copper
complexes of chlorophylls (Cu-chlorophylls) or chlorophyllins (Cu-chlorophyllins),
respectively. The solvents authorised in the extraction process are acetone,
dichloromethane (DCM), methanol, ethanol, propanol and hexane [117].
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Figure 7. Chlorophyll @ and its degradation products after heat treatment and/or enzymatic treatment
[118].

The analysis of chlorophylls involves various stages, including an extraction step
prior the quantitation of the extract via ultraviolet-visible (UV-Vis) spectroscopy or
LC coupled with different detectors. Due to the lipophilic nature of these
compounds solvents such as methanol, acetone and dimethylformamide (DMF) are
commonly used in the extraction as they are water miscible which is adequate for
fresh plant tissue. They break the linkage between chlorophyll and protein and
extract the pigment. Sometimes a liquid-liquid partitioning step is included in the
extraction, using non water soluble solvents such as diethyl ether, ethyl acetate or
petroleum ether to transfer the chlorophylls and their detivatives [119]. This step is
not recommended for more polar derivatives, since they could be poorly recovered.
Considering the above discussed effects of pH on chlorophylls, it is important to
maintain a neutral pH during the extraction in order to avoid demetalitation or
dephytilation processes. To prevent it, sometimes MgCOs is added or the extraction
solvent is buffered with compounds such as phosphate [120], 2-(N-
morpholino)ethanesulfonic acid (MES)[119] and Tristhydroxymethyl)aminomethane
hydrochloride (Tris-HCI) buffers[109]. In spectrophotometric analysis, the Folch
method has mainly been applied to quantify chlorophylls, which consists in an
extraction with a 2:1 chloroform-methanol (v/v) mixture followed by a phase
separation favoured with addition of NaCl water solution. [121-123].
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Chromatographic analyses of chlorophyll and their derivatives in extracts of fruit
and vegetables and their processed products are usually performed by HPLC and
requires solvents compatible with their lipophilic characteristics. The reversed-phase
(RP) C18 columns have been the most used according to the literature [112, 124-
120], although there are several publications that use C30 packed columns [127].
The ultra-performance liquid chromatography (UPLC) technology has also been
applied in the separation of chlorophylls [128-130], although it should be noted that
in none of the publications a full separation of all chlorophyll derivatives is
achieved. To achieve the chromatographic separation for the most apolar
chlorophyll derivatives it is necessary to use organic solvents, commonly acetone
[124, 125]. When the mixture contains dephytilated chlorophyll derivatives, more
apolar solvents are avoided as is related below. Due to the acidity (2<pKa<4) and
high polarity of the chlorophyll derivatives obtained from dephytilisation
(chlorophyllides and pheophorbides) simultaneous analysis with apolar chlorophyll
derivatives is difficult, [131]. This analysis needs the use of water in the mobile
phase and also reagents for ion pair formation. The commonly used buffer as ion-
pairing reagent is ammonium acetate. It provides excellent separations for the more
polar chlorophyll derivatives as well as several related compounds including the
aforementioned green colorants [120, 132]. HPLC coupled to PDA has been the
most common technique used for quantitative and qualitative analysis of chlorophyll
derivatives. The use of MS for structure elucidation of chlorophyll derivatives using
single quadrupole [125, 126], triple quadrupole (QQQ) [130, 133] and quadrupole-
time of flight (Q-TOF) [134] is also described in the literature. Ionisation sources as
atmospheric pressure chemical ionisation (APCI) [125, 126, 134] and ESI [135, 1306]
have been used coupled to chromatography. Several papers have studied the analysis
of chlorophyll and their derivatives in olives and oils, including various types of
processing [132, 137, 138]. These compounds have been studied through RP
chromatography in plant samples such as spinach [139], pear skins [140], culinary
herbs [141] and teas [111].

1.2.2. Secondary metabolites.

Plants produce a very diverse set of organic molecules, some of which are not
traditionally considered to participate directly in the major processes involved in
growth and development. According to the nomenclature adopted by the British
Nutrition Foundation, plant secondary metabolites can be divided into four major
groups: phenolic compounds, terpenoids, alkaloids, and sulphur containing
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compounds [142]. Unlike primaty metabolites, the so-called secondary metabolites
are often unevenly distributed among taxonomic groups within the plant kingdom.

1.2.2.1. Phenolic compounds.

Phenolic compounds are secondary plant metabolites which, as bioactive
chemicals, play an important role in plant’s defensive arsenal. These compounds
provide an efficient protection against pathogens and predators due to their
bioactive properties as attractants for pollinators, antifeedants, phytoalexins,
antioxidants and protective agents against UV light, amongst others [143, 144]. They
are also known for their benefits on human health: antioxidant, antiviral,
antiallergenic activities have been described so as anticancer and cardioprotective
effects. They are important determinants in the sensory and nutritional quality of
fruits, vegetables and other plants and processed products obtained from them.
Besides, some contribute to the colour of food [145, 146].

According to the literature, there are two large groups of phenolic compounds
based on the extraction procedure needed for their analysis. A first group includes
all those phenolic compounds that can be extracted with aqueous-organic solvent
and a second group includes all those that require chemical or enzymatic
hydrolisation of the food matrix to release polyphenols before the chromatographic
or spectrophotometric analysis [147]. Several databases on phenolic compound
contents in foods have been developed in the literature. These include the
developed by the USDA [148], EuroFIR-BASIS [149] and Explorer Phenol by
INRA, the NUTRIALIS program of the French Ministry of Research (2002-2004)
and by Unilever, Danone and Nestle (2005-2009) [150, 151]. In these databases
phenolic compounds are described in families which are: phenolic acids, flavonoids,
tannins and stilbenes and lignans.

Phenolic acids constitute about one-third of the dietary phenols, which may be
present in plants in free and bound forms [147]. Bound-phenolics may be linked to
various plant components through ester, ether, or acetal bonds [152]. Phenolic acids
consist of two subgroups, the hydroxybenzoic and hydroxycinnamic acids.
Hydroxybenzoic acids include gallic, p-hydroxybenzoic, protocatechuic, vanillic and
syringic acids, which have a common C6—C1 structure (Figure 8). Hydroxycinnamic
acids, on the other hand, are aromatic compounds with a three-carbon side chain
(C6-C3), cafteic, ferulic, p-coumaric and sinapic acids being the most common
representatives [153] (Figure 8). Hydroxycinnamoylquinic acids have been found in
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high contents in fruit and vegetables such as apple, peach, pear, catrot, etc, including

3-O-Caftfeoylquinic acid, more commonly known as chlorogenic acid.
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Figure 8. Main classes of benzoic and phenolic acids and chemical structures of the cinnamic acid

derivatives.

Flavonoids, are formed via condensation of a phenylpropane (C6-C3)
compound with the participation of three molecules of malonyl coenzyme A, which
lead to the formation of chalcones that subsequently cyclise under acidic conditions.
Chemically, they have the general structure of a 15-carbon skeleton, which consists
of two phenyl rings (A and B) and a heterocyclic ring (C) (Figure 9). This carbon
structure can be abbreviated C6-C3-C6 [154].

Flavonoids can occur as aglycones in glycosides and methylated derivatives.
Different patterns of substitution on the ring C result in different classes of
flavonoids, among which are: flavonols, flavones, flavanones, flavanols (or
catechins), isoflavones, flavononols, and anthocyanidins. Substitutions to rings A
and B give rise to different compounds within each class of flavonoids. Within each
class, individual flavonoids may vary in the number and distribution of hydroxyl
groups as well as in their degree of alkylation or glycosylation. Flavones and
flavonols are the main flavonoids in fruits and vegetables. These compounds
possess a double bond between C-2 and C-3. The difference between flavonols and
flavones is that flavonols possess a hydroxyl group in the 3- position. The main
flavonol aglycones in fruit and vegetables are quercetin, kaempferol, myricetin and
isoharmnetin and the main flavone aglycones are apigenin, luteolin and diosmetin.
All these compounds have a hydroxyl group in the in C-5 and C-7 positions of A
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Figure 9. Basic chemical structures of the most common flavonoid subclasses.
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ring and differences among them are given by the substitution on C-3', C-4' and C-5'
in ring B. Flavonols and flavones are present mainly as mono-, di- and triglycosides.
The sugar moiety of glycosides is usually composed of D-glucose, D-galactose, L-
rhamnose, L-arabinose, D-apiose and D-glucuronic acid or their combinations.
Flavonols are commonly found in fruit and vegetables such as apple, peat, peach,
nectarine, cranberries, lettuce, beans etc. On the other hand, flavones are found in
citrus fruits, parsley, celery, spinach, etc. [154].

Flavanones are characterised by the presence of a 4H-1-benzopyran-4-one ring.
They are generally glycosylated by a disaccharide in C7. Flavanones are present in
high concentrations only in citrus fruits, but they are also found in tomatoes and
certain aromatic plants such as mint. The main aglycones are naringenin, hesperetin,
isosakuratenin in citrus fruit, and eriodictyol mainly in lemons. Flavanones are the
most important flavonoids without substituents in C-3.

Anthocyanidins, the sugar-free counterparts of anthocyanins, are common plant
pigments. They are characterised for containing in its structure the flavylium ion or
2-phenylchromenylium in salt form, which is a type of oxonium ion (chromenylium
is referred also to as benzopyrylium). They form a large group of polymethine dyes.
The counterion of the flavylium cation is mostly chloride. Anthocyanidins differ
from other flavonoids by their positive charge. Bilberries, black and red currants,
blueberries, cherries, chokecherries, grapes, strawberries are fruits where these

pigmente are present.

Flavan-3-ols are derivatives of flavans that use the 2-phenyl-3,4-dihydro-2H-
chromen-3-ol skeleton and include catechin, epicatechin gallate, epigallocatechin,
epigallocatechin, gallate, proanthocyanidins, theaflavins, thearubigins. They are
found in fruits like apple, peat, peach, blueberries and lettuce etc.

Tannins are relatively high molecular weight compounds which constitute the
third important group of phenolics. It may be subdivided into hydrolysable and
condensed tannins (Figure 10) [155]. One particular type of condensed tannins,
found in several fruits, are procyanidins, which are polymers of 2 to 50 (or more)
flavan-3-ol units joined by carbon-carbon bonds. Hydrolysable tannins are
derivatives of gallic acid (3,4,5 trihydroxyl benzoic acid) [156].

Another group of phenolic compounds are the stilbene derivatives which are

present in low quantities in the human diet. The main representative of this group is
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resveratrol (Figure 10), that exists in both «s and #rans isomeric forms, mostly in
glycosylated forms [157].

Finally, lignans are produced by oxidative dimerisation of two phenylpropane
units (Figure 10); they are mostly present in nature in the free form, whilst their
glycoside derivatives are only a minor form.
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Figure 10. Scheme of condensed and hydrolysable tannins and structures of the resveratrol stilbene

and the secoisolariciresinol lignan.

The effect of fruit and vegetable processing on phenolic compounds has been
studied in different publications. Fruit juices as grapefruit, orange or apple are
abundant sources of natural phenolic compounds [158, 159]. Researchers have a
common aim to find the best conditions and processing techniques to improve the
health-promoting and nutritional properties of juices. Furthermore, the influence of
each current processing technique (pasteurisation, freezing, and concentration) on
phenolic compounds, vitamin C, and antioxidant capacity has been described at
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pilot or experimental plant level and at industrial scale [160]. Numerous authors
have shown that production time and processing steps, especially during heat
treatment, degrade phenolic compounds and vitamin C, and decrease the nutritional
quality and antioxidant properties of juices [161]. According to Hernandez et al.
thermal treatments applied to peach and apple juices affected their phenolic
composition [159]. The effect of pasteurisation on total phenol reduction was
evaluated by Alper et al. [158] finding a reduction about 20 %. In orange pulp,
pasteurisation led to degradation of several phenolic compounds such as caffeic acid
derivatives, vicenin 2 (apigenin 6,8-di-C-glucoside), and narirutin (5,7,4
trihydroxyflavanone-7-rutinoside), with losses of 35, 30, and 28%, respectively [160].
In the case of proanthocyanidins a decrease of 10% has been disclosed after the
thermal treatment in peach juice production [162]. During orange juice storage, the
obtained results indicate that vitamin C and free and total phenolic acids were
affected by storage time and temperature. In contrast, small changes in flavanone
content were observed indicating a high stability of these compounds upon storage
[163]. Rababah et al. [164] found a reduction around 95 % in phenolic compounds
after jam processing. In spite of such reduction in these valuable compounds, jam
retained good amounts of them during storage. By-products remaining after
processing of fruits and vegetables still contain a huge amount of phenolic
compounds. In the same way, fibres obtained as by-products from fruit and
vegetable processing have been described as a good source of phenolic compounds
[39]. Total phenolic content has been studied in by-products and fibres obtained
after processing various types of fruit and vegetables, such as apple, peach, pear,
citrus fruits, carrot, and spinach [306, 38, 49, 165, 166, 167].

Extraction is a very important step in the analysis of phenolic compounds in
processed fruit and vegetables and there is no single and standard extraction
methodology. Hence, the optimisation of the extraction procedure is essential for an
accurate assay of phenolic compounds from different matrices. Solvents, such as
methanol, ethanol, propanol, acetone, ethyl acetate, DMF and their combinations
have been used for the extraction of phenolic compounds, often mixed with
different proportions of water [168]. It is difficult to perform a unique method for
the optimal extraction of all phenolic compounds due to the significant variations in
their polarities. Procedures based on extraction sequences are commonly applied
using different solvents to extract the maximum of phenolic compounds. To
improve the extraction process, alternative modern extraction and isolation
techniques have been described such as supercritical fluid extraction (SFE) [169],
pressurised liquid extraction (PLE) [170], microwave-assisted extraction (MAE)
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[171] and ultrasound-assisted extraction (UAE) [172]. On the other hand, bound
phenolic acids need a previous base or acid (or both) hydrolysis to be released from
the sugar moiety [173, 174].

The analysis of phenolic compounds can be classified within assays that
determine the total phenolic content (TPC), or those that identify and quantify a
specific family or type of phenolic compounds. Folin-Cicolteau assay is widely used
for the determination of total phenolic content in several processed fruit and
vegetable products [175]. This assay is a colorimetric method based on electron
transfer reactions between the Folin-Cicolteau reagent and phenolic compounds.
However, this assay is not specific for TPC determination. Other compounds that
are present in food extracts such as aminoacids and reducing sugars have also been
described to reduce the reagent so interfering TPC results [176]. Several alternatives
have been proposed to improve this methodology including higher purification
through solid phase extraction (SPE) or the application of chemometric methods
that allow the creation of models to correct the obtained overestimation.

The most widely used technique to analyse particular phenolic compounds is LC.
For chromatographic separation, different columns and mobile phases are used
depending on the group of compounds to separate. HPLC has been widely used
during the last two decades, however, in recent years, UPLC has arisen. UPLC
allows an improvement in the separation and the limits of detection and reduces the
time of analysis. Chromatographic columns with fused core technology have also
been introduced with results similar to UPLC separation but with HPLC conditions.
Thus, to separate unbounded polyphenols such as flavan-3-ols, flavonoids and
hydroxycinnamic acids, a chromatographic system consisting of a RP column (C18
or variants thereof) is often used cluting with a mobile phase composed of
acetonitrile and water (slightly acidified) [177]. In contrast, for the separation of
anthocyanidins, mobile phases are strongly acidified in order to have the
compounds in neutral form to be retained in the chromatographic column [178].
For the separation of proanthocyanidins NP columns are usually used, because they
allow separations according to their degree of polymerisation.

Plant phenolic compounds are commonly detected using UV—-Vis detectors, as
PDA. Other methods used for the detection of phenolics include electrochemical
coulometric array (EC) detector, chemical reaction detection technique and FLD
[179, 180]. As MS is particularly useful for identification, this technique has also
been used as a method for the detection of phenolic compounds in processed fruit
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and vegetables. The main ionisation soutces used to analyse phenolic compounds
are: fast atom bombardment (FAB) [181], atmospheric pressure ionisation (API)
including, ESI [182, 183], APCI [184, 185], atmospheric pressure photo-ionisation
(APPI) [186] and matrix-assisted laser desorption ionisation (MALDI) [187, 188].
The MS/MS approach is a very powerful tool that allows flavonoid aglycone and
sugar moiety characterisation. This information may be obtained from
fragmentation at source, QQQ [182, 183], Q-TOF [189, 190] and ion trap (IT)
[191]. Thus, many publications have appeated describing the fragmentation patterns
of the various phenolic compounds in order to achieve identifications without the
need for direct comparison with pure standards. GC-MS, after hydrolysis and
derivatisation, as well as approaches with less sensitive techniques such as near
infrared spectroscopy (NIR) [192, 193] and NMR [194, 195] that need previous
concentration of the samples, have also been described for the analysis of phenolic

compounds.
1.2.2.2. Carotenoids.

Carotenoids are localised in subcellular organelles (plastids), ze. chloroplasts and
chromoplasts. In chloroplasts, they are mainly associated with proteins and serve as
accessory pigments in photosynthesis, whereas in chromoplasts they are deposited
in crystalline form or as oily droplets [196]. In plants, where chlorophyll is present,
some of the carotenoids such as xanthophylls are involved in photosynthesis taking
part in energy transfer. Many dietary fruits and vegetables are excellent sources of
carotenoids, nutrients that may play critical roles in the prevention of important
human diseases such as cancer, cardiovascular disease [197, 198], and age-related
macular degeneration [196]. Recent epidemiological and animal studies suggest a
direct relationship between a high dietary intake of carotenoids from fruits and
vegetables and a decreased risk of these disorders [199]. Studies have shown that
carotenoids contribute to the yellow colour found in many fruits and vegetables.
The conjugated double bonds and various functional groups of carotenoids affect
the colour of fruits and vegetables. As a result, their colour ranges from yellow to
red or orange in many fruits and vegetables [200]. Besides, the colour of the
carotenoid can also be affected by whether the molecule is esterified or not.[201].
These pigments are isoprenoid compounds, biosynthesised by tail-to-tail linkage of
two Cao geranyl diphosphate molecules. This produces the parent Ci carbon
skeleton from which all the individual variations are derived [202]. Carotenoids are
classified as (1) carotenes or carotenoid hydrocarbons, composed of only carbon
and hydrogen, e.g., lycopene and p-carotene; and (2) xanthophylls or oxygenated
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carotenoids that may contain epoxy, carbonyl, hydroxy, methoxy or carboxylic acid
functional groups (Figure 11). Examples of xanthophylls are violaxanthin (epoxy),
canthaxanthin (oxo), zeaxanthin (hydroxy), spirilloxanthin (methoxy) and
torularhodin (carboxylic acid) [203].

(all-E)-auroxanthin

Figure 11. Scheme of an acyclic carotenoid (lycopene) and dicyclic carotenoid (B-carotene). Examples
of different types of xantophylls. Hidroxycarotenoid ((@/-E-)lutein) and epoxycarotenoids:
5,6-epoxide groups ((a/-E) violaxanthin) and 5,8-furanoid groups ((a/-E-)auroxanthin)

Cultivar variety, part of the plant consumed, stage of maturity, climate and
geographic origin are factors that affect the carotenoid composition of fruits and
vegetables, as well as postharvest handling, processing and storage [204]. In fruits
and vegetables and their processed products as juices, great variety of carotenoids
and their geometrical isomers have been described. The main carotenes found in
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fruits and vegetables are -carotene, phytoene and lycopene highlighting carrots or
apricots as sources of B-carotene or tomato as a fruit rich in lycopene. Among the
hydroxycarotenoids lutein, zeaxanthin and B-cryptoxanthin are the most
representative in fruits and vegetables, high contents of [B-cryptoxanthin atre
described in chili, papaya and tangerine. High amounts of lutein and zeaxanthin
have also been described in fruits such as oranges and peaches and vegetables such
as pumpkins, spinach, kale and broccoli [109]. Remarkable quantities of
epoxycarotenoids can also be found in fruits and vegetables, for example orange,
peach and apple have a rich profile in violaxanthin, antheraxanthin and neoxanthin
isomers. In this sense tropical fruits such as mango, camu and pequi have also high
contents in epoxycarotenoids [205, 2006]. Little attention has been paid to a detailed
characterisation of by-products and fibres obtained from these food matrices.
Carotenoids—usually their total content—have been addressed in by-products from
carrot [207], orange dietary fibre [208] and by-products from tropical fruit [209].

Although carotenoids are fairly stable in natural food environments, they are
much more labile when food cells are damaged as during pulping or cutting.
Carotenoids are highly susceptible to external agents, such as heat, low pH, and light
exposure, promoting changes in colour due to the rearrangement or formation of
degradation compounds such as ¢s-isomers, epoxides, short chain products, and, in
some cases, volatile compounds [210]. Contradictions in literature can be found in
studies about the degradation of carotenoids during fruit and vegetable processing.
In some publications, processing seems to increase the carotenoid content due to
cell breakage. However, in other publications, a significant reduction of the
carotenoid content occurs when a heat treatment is applied, with a high dependence
of the processing time. The reason is attributed to oxidation of coloured carotenoids
to non-coloured compounds [211-213]. The isomerisation frans-to-cis seems
unequivocally a clear consequence of thermal processing. In red, yellow and orange
fruits and vegetables, the major form is 13-¢/s followed by 9-¢s and 15-¢/s isomers. In
contrast, for processed green vegetables the main isomer is 9-cis followed by 13-cis
[205, 210]. Another isomerisation reaction takes place when organic acids that are
released during fruit juice processing, promote rearrangements of 5,6-epoxide
groups to 5,8-furanoid groups of carotenoids [213, 214].

The extraction process of carotenoids is a critical stage in their analysis due to
their high lability. Thus, degradation due to oxidative conditions, thermal
decomposition or photodegradation, must be avoided. Consequently, extracting in

lightless or dim light conditions, in the presence of antioxidants (such as
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dibutylhydroxytoluene (BHT)) and avoiding high temperatures is always
recommended. Carotenoids are soluble in apolar solvents but because of the high
moisture content of plant tissues, a preliminary extraction solvent miscible with
water is generally necessary to allow the penetration of the solvent into the tissue
[204]. Moteover, it has been found that the most efficient extraction solvents atre
composed by a slightly polar solvent, commonly methanol, ethanol or acetone, in
addition to the nonpolar solvent such as ethyl acetate, hexane, diethyl ether,
chloroform, etc. The extraction process usually includes a saponification step to
hydrolyse the hydroxycarotenoids bonded as esters. This practice simplifies the
resulting chromatogram [215].

Despite some spectroscopic techniques such as NMR [216] and NIR [217] have
been used to identify these pigments, HPLC, using various detectors, has become
the most common analytical method for determining carotenoid profiles, both
qualitatively and quantitatively. NP and predominantly RP columns have been used
in HPLC to separate carotenoids in fruits and vegetables. The C18 and C30 RP
columns are the most commonly used for the analysis of carotenoids. The C30
phase [218-220] allows better separation of the less polar compounds, especially in
resolution of carotenoid esters respect to C18 [112, 221]. Various solvent mixtures
have been described as mobile phase, including water, methanol, acetone,
isopropanol, ethyl acetate, chloroform, methyl-Zr~butyl ether (MTBE),
dichloromethane (DCM) and tetrahydrofuran (THF) depending on the stationary
phase previously selected. UPLC is also applied to separate carotenoids, although
C30 stationary phase is not already available to UPLC mode, so C18 are the
columns used to separate the main carotenoids in fruits and vegetables when this
technology is used. [129, 130, 222]. In addition, comprehensive LC has been applied
to analyse some fruits and vegetables very rich in carotenoids. In these studies a NP
column in the first dimension was combined with a C18 to carry out the rapid
separation in second dimension [223, 224]. UV-Vis detectors are the most
commonly used in the quantification and to obtain the spectrum used to identify the
carotenoids. However, the similarity of spectra and chromatographic co-elutions has
led to the need for other tools. Mass detectors have shown great advantages for the
analysis of carotenoids, including elucidation of their structure on the basis of the
molecular mass and their fragmentation pattern. The mainly used ionisation sources
are ESI and APCI. APPI has also been studied with application of various dopants
[225, 226]. APCI is the most successful ionization source used for xanthophylls and
carotenes and it has also been applied in carotenoid esters analysis to elucidate the
carotenoid and the fatty acid linked to it [224].
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1.2.2.3. Triterpenoids and phytosterols.

Triterpenes are a class of chemical compounds composed by two chains of six
isoprene units with CsHas molecular formula. Triterpenoids are functionalised
triterpenes and they commonly possess heteroatoms. Triterpenoids have been
shown to possess numerous biological activities and display various pharmacological
effects such as antiinflaimmatory, antiulcer, antibacterial, antiviral (including anti-
HIV), hepatoprotective, immunomodulatory, hypolipidemic and cholesterol-
lowering, antiatherosclerotic, wound-healing, anticoagulant and anticarcinogenic
properties, combined with relatively low toxicity [227]. Sterols are a subgroup from
steroids, which are derivatives of triterpenes with 26 or more carbon atoms that
have undergone a characteristic type of rearrangement. Sterols of plants are called
phytosterols and their chemical structure is similar to that of cholesterol. Plant
sterols play an important role in the structure and function of plant cell membranes
[228]. Plant sterols have long been known to have serum cholesterol lowering
properties and also by their anticarcinogenic and anti-inflammatory properties [229,
230]. On the other hand, stanols are saturated sterols, having no double bonds in
the sterol ring structure [231], with similar properties than phytosterols [232].

Total phytosterol content on a fresh weight are markedly lower in vegetables and
fruits than in vegetable oils and cereals. However, their significance as dietary
triterpenoid and phytosterol source has been shown to be considerable [233]. In
fruits and vegetables, phytosterols and phytostanols in their free or esterified form,
are compounds with low polarity that are found in abundance in parts as peels and
seeds [234, 235]. Plant sterols and stanols have been described in fruits such as
orange, tangerine and mango and in vegetables such as pea, cauliflower, broccoli
and lettuce. The total phytosterol content in vegetables ranged 1-54 mg/100 g edible
portion and phytosterol contents in fruits ranged 1-44 mg/100 g, the highest
concentration being found in navel orange, tangerine, and mango [236-239]. The
most common sterols in vegetables and fruit are 4-desmethylsterols such as
sitosterol, campesterol, stigmasterol and avenasterols (Figure 12) [235]. Phytosterols
may be oxidised during food processing and storage. Their degradation process has
only been studied in vegetable oils and fats. In this type of samples, their
degradation was shown to depend on the sterol structure, mainly unsaturation of the
ring structure, temperature and matrix [233]. However, Soupas et al. tested various
food treatments, included heat treatments, in different fats and oils and concluded
that they don’t represent an important source of phytosterol oxides. [240].
Triterpenoids have also been described in several fruits and vegetables such as
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apple, berries, grape, tomato, grape, cabbage and eggplant [241, 242, 243]. The main
triterpenoids in fruits and vegetables are ursolic acid, oleanolic acid and a-, B-, 8-
amyrins (Figure 12) [227, 244]. Oleanolic and ursolic acids are commonly found in
cuticular wax of fruits such as apple, persimmon, pear and olive [245]. In this way,
apple peel and pomace and olive pomace have been desctibed as soutces, mainly in
ursolic in and oleanolic acids, repectively [246, 247]. Considering the effect from
processing, when tomato industrial byproducts from juice factory are compared
with unprocessed tomatoes, it is found that the levels of triterpenoids are not
diminished during processing [248].

A

Avenasterol

o-amyrin B-amyrin

Figure 12. Common sterols and triterpenoids in fruit and vegetables.

Phytosterols and triterpenoids in fruits and vegetables and their processed
products can be isolated by solvent extraction with chloroform—methanol-water
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followed by alkaline or acid hydrolysis and chromatographic purification to obtain
enriched total sterols. Capillary GC has been the technique of choice for the analysis
of sterols and related compounds. Capillary columns offer shorter analysis times and
lesser peak interference, improvement in component resolution, and high thermal
stability compared with packed columns. Although the separation of sterols and
stanols without derivatisation is possible, the resolution of a sterol and its
corresponding stanol is not as good as that of their trimethylsilyl (TMS) or acetate
derivatives. Thus, prior to capillary GC, sterols and stanols are usually transformed
into derivatives that yield improved peak shape, resolution and sensitivity, and a
higher stability for the thermally labile unsaturated sterols. The former are more
suitable for the GC-MS characterisation and quantitation of sterols [227, 249-251].
HPLC coupled to MS has also been applied to determine sterols and triterpenoids.
To optimize the separation of this lipophilic compounds, the mainly used columns
were C18 eluting at high percentages of methanol or acetonitrile [220]. HPLC-MS
using APCI source has become a successful technique to quantify and identify these
compounds [244] because operating in product ion mode allows the unambiguous
identification of unknown compounds including isomers elucidation [252].
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The general objective of this Doctoral Thesis is to improve the existing
chromatographic methodologies to analyse metabolite compounds in fruit
derivatives from the agroindustry.

To achieve the general objective, three secondary objectives have been
considered:

The first one is the development of rapid and reliable analytical methods to
quantify and identify carotenoids and chlorophylls in processed fruit and vegetable
products. To achieve this objective, new approaches in chromatographic techniques
will be assessed.

The second objective is the application of analytical methods for the
characterisation of processed fruit and vegetable products metabolome and tracing
its degradation compounds. In this line, the characterisation of processed fibres
from the juice industry has been considered.

The third objective is the application and improvement of analytical methods to
authenticate commercial monovarietal fruit juices.






CHAPTER 3. EXPERIMENTAL, RESULTS AND DISCUSSION






3.1. Development of UPLC-PDA-MS/MS methods to determine
carotenoids, chlorophylls and their derivatives in processed fruit
and vegetable products
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This chapter is focused on the development of UPLC-PDA-MS/MS methods
for the determination of carotenoids, chlorophylls and its derivatives in fruit and
vegetable products. With the use of the developed methods, the chromatographic
resolution, identification and quantification of complex mixtures containing up to
27 carotenoid and 48 chlorophyll derivatives was achieved.

The development of an analytical method to identify and quantify carotenoids in
both freshly homemade and processed juice is necessary because these compounds
are important for the complete description of their nutrient profiles along the
industrial process. The lability of catotenoids requires the development of a rapid
and sensitive analytical method and most of the previously published ones require
long analysis time and/or have poor separation capacity [1, 2]. Few studies have
reported UPLC methodologies and none of them has achieved the complex
separation of 5,6- and 5,8-epoxycarotenoids and their isomers together with the
separation of hydroxycarotenoids and carotenes [3, 4]. In this section, an improved
method for epoxycarotenoids, which are the least retained compounds, is also
included. This method is based on the greater peak efficiency obtained by UPLC
and has allowed to obtain better chromatographic resolution between these

compounds.

The analytical method described in this chapter has been applied to study the
differences in the carotenoid profile of commercial and freshly made fruit products
(peach purees and pear juices). According to the literature 5,6-epoxycarotenoids are
the main carotenoids to define the profile of freshly made samples while they do not
usually appear in commercial samples [5]. Then, this study pays special attention to
the rearrangements of 5,6-epoxycarotenoids into 5,8-epoxycarotenoids during the
corresponding industrial processes. Simultaneously, the behaviour of other
carotenoids is monitored to detect any selective degradation during processing. In
addition, this study includes the optimisation of an extraction method for
carotenoids using freeze-dried samples to reduce time and solvent consumption.
Commonly, reported methods are based on a solid-liquid extraction followed by
solvent partitioning [6]. In this study, the extraction efficiencies have been optimised
in our matrices using various extraction solvents and mixtures including methanol,
methanol: THF, ethanol, ethanol:hexane and acetone. On the other hand, the
capacity of this method to differentiate among monovarietal peach and pear juices
was tested in either commercial or freshly made ones.
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Chlorophyll and their derivatives are also used as markers in food processing, so
that it is necessary to have methods to identify and quantify chlorophylls and their
derivatives in processed foodstuffs. Similar to the study conducted for carotenoids,
a rapid method for determining chlorophyll and their derivatives was also
developed. This method has been applied to processed foods, allowing tracking
chlorophyll degradation.

So far, previously published methodologies require long analysis time and
sometimes a low number of chlorophyll compounds are detected. Few references
can be found in the literature where UPLC methodology is used to separate
chlorophyll derivatives, but they are applied only to the separation of phytylated
compounds [7, 8]. In this study, we sought to develop an UPLC method that allows
simultaneous analysis of chlorophylls and chlorophyll derivatives, namely phytilated
and dephytilated, metallized and demetallized and Cu2+ complexes of chlorophylls
including food colouring known as E-141() and E-141(i). Previously reported
chromatographic separations have displayed a number of drawbacks such as low
retention and poor resolution between some compounds. We have solved these
separation problems using a reversed-phase UPLC with on column ion pairing
reagent. In previous publications, results using APCI ionisation are described for the
most non-polar compounds. Moreover, other works have highlighted ionisation
problems in both APCI and ESI [9, 10], so we decided to test both sources of
atmospheric pressure ionisation.

We also tested the developed methodology on different types of samples, which
cover the main types of chlorophyll and their derivatives. Among them, we included
teas, in which chlorophylls and derivatives have been described as a marker of
processing and storage quality [11]. The method was also tested in jams and juices
from “green” vegetables and fruits. These samples are characterised by higher
processing using various temperature stages such as blanching, canning and
retorting, which led to a high degradation of chlorophyll and their derivatives. In
addition, some samples are additivated with colorants or Cu?t for a regreening
effect, which added difficulty to the analysis.

The results of these studies have been published in the Journal of Chromatography
A 1331 (2014) 90-99, and submitted to Journal of Chromatography A.
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ABSTRACT

We have developed an analytical method that allows the simultaneous
determination of epoxycarotenoids, hydroxycarotenoids and carotenes in
monovarietal fresh homemade and industrially processed fruit products. Analyses
were carried out using ultra performance liquid chromatography (UPLC). The
extraction method was optimized using methanol as the first extraction solvent for
lyophilized samples followed by a saponification step. Recoveries ranged between
75% and 104% depending on the compound. Repeatability was better than 10% for
all compounds (%RSD, n = 3). The chromatographic analysis takes less than 17
min. In this short period, up to 27 carotenoids were identified in apple, peach and
pear products. The developed method allowed us to differentiate juice from six
varieties of apple by their carotenoid profile. Moreover, the methodology allows us
to differentiate the carotenoid profiles from commercial juices and homemade fresh
peach and pear juices, as well as to study the rearrangements of 5,6- to 5,8-
epoxycarotenoids.
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1. Introduction.

The quality of fruit juices is determined by several parameters; among these are
colour, stability and the presence of nutrients with health benefits. Carotenoids are
phytochemicals with anti-oxidant properties, and they can reduce the risk of
lifestyle-related diseases, including cancer. In the human diet, these compounds atre
present in many foodstuffs of both animal and plant origin, but mainly in fruit and
vegetables [1, 2]. Moreover, the carotenoid profile could be used for authentication
purposes, to differentiate not only fruits, but also their varieties. With the aim of
offering new products to customers, the fruit juice industry has recently developed
monovarietal juices, and interest in the carotenoid profile has increased for the
assessment of juice quality. By comparing these profiles before and after industrial
juice production, changes could be used as indicators of the care taken in the
process. Various authors have reported that heat treatments cause undesirable
biochemical changes and loss of bioactive compounds in freshly made juice [3, 4].
Carotenoids are considered labile compounds; their higher electron density, caused
by the extended double-bond conjugation present, makes them more prone to
degradation. They are also susceptible to rearrangements. In this regard, the
rearrangement of the 5,60-epoxide to 5,8-epoxide in acidic conditions has been
described in fruit juices [5, 6]. In this context, rapid analytical methods are needed to
identify and quantify carotenoids in both freshly homemade juice and processed
varieties. The carotenoid profile would allow assessment of the loss of nutritional
value of a monovarietal juice after processing.

Several approaches have been developed to extract carotenoids, such as the
pressurized solvent [7-9], supercritical carbon dioxide [10, 11] or Soxhlet [12]
techniques. However, the most widely used method to analyse these compounds in
fruit juices and purees is solid-liquid extraction [13, 14]. Solvent extraction is a time-
consuming step that requires large volumes of organic solvents. This effect could be
minimized by freeze-drying the samples. Carotenoids differ greatly in solubility;
consequently, the choice of extraction solvent and the use of a saponification step
will have strong effects on carotenoid recoveries. Various extraction solvents have
been used for this purpose, depending on the sample and carotenoids addressed [15,
16].

To date, reversed-phase high-performance liquid chromatography (HPLC),
mainly with C30 stationary phases[17-19], but also C18 stationary phases [20, 21]
and normal phase combined with reversed-phase [22, 23] have been the main tool
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used for the analysis of carotenoids in fruit products. Recently, ultra performance
liquid chromatography (UPLC) technology has also been used to analyse
carotenoids in various matrices. As the UPLC C30 stationary phase columns are not
commercially available, C18 columns have been used [24-27]. Commercial
standards, when available, are applied to achieve identification. Therefore, UV-vis
fine structure, mass spectra and published information on retention times in distinct
chromatographic systems are also useful for this purpose. Although MS cannot
distinguish stereoisomers, this technique is considered reliable for the assignment of
carotenoid structures.

Here, we sought to develop a rapid and reliable analytical method to determine
the carotenoid profile of apple, pear and peach monovarietal juices and purees. With
this in mind, a UPLC method was developed to obtain a fast separation for the
simultaneous determination of major carotenoids in freshly made and commercial
juices and purees. Extraction of carotenoids was performed using freeze-dried
samples to reduce time and solvent consumption. In addition, we used the different
operation modes of a tandem mass spectrometer to confirm the molecular mass and
the characteristic fragmentation patterns of the carotenoids tentatively identified.

2. Material and methods.
2.1. Reagents, solvents and carotenoid standards.

Ethanol, 2-propanol, methanol (MeOH), ethyl acetate, hexane, diethyl ether,
tetrahydrofuran (THF), acetonitrile (ACN) and acetone (HPLC grade purity) were
supplied by J.T.Baker (Deventer, The Netherlands). The chromatographic solvents
were ACN, methanol (LC-MS grade), also from J.T.Baker, and water was purified in
a Milli-QQ system from Millipore (Bedford, MA, USA). Sodium chloride was
provided by Fluka (Buchs SG, Switzerland), potassium hydroxide by Panreac
(Barcelona, Spain) and ascorbic acid by Acros (Pittsburgh, PA, USA). THF and
diethyl ether were stored under argon atmosphere at 4 °C to prevent formation of
peroxides.

B-Carotene, (all-E)-lutein and B-cryptoxanthin were purchased from Sigma-
Aldrich Fine Chemicals (Madrid, Spain). (all-E)-Zeaxanthin was supplied by Fluka.
Phytoene, (all-E)-violaxanthin, (9'Z)-neoxanthin and (all-E)-antheraxanthin were
purchased from Carote Nature (Lupsingen, Switzerland).
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All stock standard solutions were prepared in ACN:MeOH:acetone (47:20:33,
v/v/v) and stored at —80 °C. Carotenoid concentrations were determined
spectrophotometrically using a UV2 UV-vis spectrometer (ATI Unicam, Cambridge,
UK). The values of 1% 1 «m, described in the bibliography, were used to quantify
each carotenoid stock solution [28]. Working solutions were prepared from stock
solutions by sampling an aliquot and diluting it with the injection solvent
(ACN/MeOH/acetone (47:20:33, v/v/v)).

2.2. Samples.

Approximately 1 kg of randomly chosen apples (Malus domestica) of the cultivars
Fuji, Golden Delicious, Granny Smith, Pink Lady, Red Delicious and Royal Gala
varieties were purchased from a local market. Apples were cored and four pieces
were squeezed with a household juicer (JU200; Moulinex, Lyon, France).

Six commercial peach purees (Prunus persica) of Spring Lady and Miraflores
cultivars and their corresponding fresh fruit were provided by a local juice company
(Zucasa, Fraga, Spain). The same company provided six pear juices of Conference
and Blanquilla cultivars and their corresponding fresh fruit. Pears were cored and
peaches were stoned. Four pieces of pear were squeezed with a household juicer and
four pieces of peach were homogenized in a blender (Grindomix GM 200; Retsch,
Haan, Germany) at 5000 rpm for 2 min.

In the squeezer or blender steps, ascorbic acid (ca. 10 g/kg) was added to
prevent oxidation. It is known that ascorbic acid can promote rearrangements in
some carotenoids in aqueous media, consequently the samples were processed

immediately, as is discussed below [5].

Aliquots between 1.5 and 5 g, depending on the sample, of apple and pear juices
and peach puree were weighed in a vessel, immediately frozen at —80 °C and
lyophilized at -50°C, 1.1 P for 24 h in a Cryodos-50 lyophilizer (Telstar, Terrassa,
Spain). Finally, lyophilized samples were powdered in the same vessel, and stored at
—20 °C until analysis.

2.3. Extraction procedure.

Powdered juices and purees were continuously shaken at 5000 rpm (Multi Reax;
Heidolph, Schwabach, Germany) for 10 min in a dark room in the same vessel used
for lyophilization with 4 mL of one of the following solvents: Sokent 1, methanol
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[19, 29]; Solvent 2, methanol:THF 1:1 [13, 20, 30]; Solvent 3, ethanol [31]; Solvent 4,
ethanol:hexane 4:3 [15, 32]; and Solkent 5, acetone [19]. For all solvents, except
solvent 4, an equal volume of hexane (4 mL) was added after the first extraction,
and the vial was shaken again as before. Next, 2.3 mL of a solution of NaCl (10%
w/v) was added. The mixture was shaken for 15 min and cooled at 4 °C. The
mixture was centrifuged at 2700 x g for 3 min at 4 °C, and the organic layer was
recovered. The aqueous phase was re-extracted with 2 mL of hexane:diethyl ether
(3:1, v/v) for 10 min and centrifuged in the same conditions. The otrganic solutions
were combined in a 5-mL glass tube and dried under nitrogen stream at room

temperature.

The dry residue was saponified in a shaking incubator (211DS; Labnet, Edison,
NJ, USA) for 60 min at 55 °C under N> using 1 mL of a solution of 6% KOH in
methanol (w/v). After the addition of 1 mL of sodium chloride solution (10%,
w/v), the mixture was put in a freezer for 15 min. Then, 2.5 mL of hexane:diethyl
ether (3:1, v/v) was added, and the mixture was vortexed and centrifuged at 433 x g
for 3 min (this step was repeated until the aqueous phase was coloutless). The
organic layers were combined and the solvent was removed under nitrogen stream.
The residue was stored at —80 °C under nitrogen until UPLC analysis. The dry

residue was dissolved in the injection solvent [33] immediately prior to analysis.
2.4. Recovery assays.

Carotenoids were quantified by the external standard calibration method using a
PDA detector. Recoveries were assessed in pear spiking samples with available
standards. Three samples were fortified before extraction and another three after
extraction. To evaluate the effect of the saponification step on the recoveries of
(9'Z)-neoxanthin and (all-E)-violaxanthin, samples were spiked just prior at the

saponification step following the same process mentioned above.
2.5. Ultra performance liquid chromatography.

Chromatographic analysis was performed on a Waters ACQUITY UPLC™
system (Waters, Milford, MA, USA) consisting of ACQUITY UPLC™ binary
solvent manager and ACQUITY UPLC™ sample manager, coupled to a
photodiode array (PDA) 2996 detector. Compounds were separated with an
ACQUITY UPLC™ BEH C18 column (1.7 pm; 2.1 mm x 100 mm) (Waters,
Manchester, UK) and a gradient system with the mobile phase consisting of solvent



82| UPLC analysis to study the changes in carotenoid profile of commercial monovarietal fruit juices

A, ACN-MeOH: (7:3, v/v) and solvent B, HoO 100%. The linear gradient was as
follows: 0-0.6 min, 25% B, 0.5 mL/min (isocratic); 0.6-6.5 min, 4.9% B 0.5
mL/min (linear gradient); 6.5-7.5 min, 0% B, 0.7 mL/min (linear gradient); 7.5-13.6
min, 0% B, 0.7 mL/min (isocratic); 13.6-14.1 min, 25% B, 0.5 mL/min (linear
gradient); and 14.1-16.6 min, 25% B, 0.5 mL/min (isocratic). Weak and strong
needle solvents were ACN-MeOH (7:3, v/v) and 2-propanol, respectively. The
injection volume was 5 pL and the column was kept at 32 °C while the temperature
in the sample manager was maintained at 25 °C. Wavelengths used in the
quantification of each carotenoid by the PDA detector are included in the
Supplementary Data. Instrument control, data acquisition and processing were
carried out using MassLynx™ software (version 4.1; Waters, USA).

2.6. Mass spectrometry.

MS analysis was carried out on a Waters ACQUITY TQD tandem quadrupole
mass spectrometer (Waters, UK). The instrument was operated using an
atmospheric pressure chemical ionization (APCI) source in positive ion mode. The
APCI parameters were as follows: corona voltage 4.0 kV; extractor voltage 3 V;
source temperature 150 °C; probe temperature 450 °C; desolvation temperature 150
°C; cone gas (nitrogen) flow 10 L/h; and desolvation gas (also nitrogen) flow 150
L/h. Collision-induced dissociation was achieved using argon as the collision gas at

a flow rate of 0.15 mL/min in the collision cell. Data acquisition was performed
using MassLynx 4.1 software (Waters, USA).

3. Results and discussion.
3.1. Extraction optimization.

To achieve a simple and reliable method to extract the carotenoids, the process
was previously optimized using peach puree. Because the water content of fruit and
juice samples is between 80% and 90%, the samples were lyophilized to reduce the
volume of extraction solvents required. Despite lyophilization could provoke a
partial degradation of some carotenoids, mostly lycopene [34], lyophilization is
recognized by some authors as a suitable technique for preserving carotenoids [35,
36], and generally does not excessively decompose these compounds [31, 37-41]. We
have lyophilized taking all possible preventive actions to minimize degradation

considering also, the absence of lycopene in our samples.



UPLC analysis to study the changes in carotenoid profile of commercial monovarietal fruit juices | 83

In order to assess extraction efficiencies on the lyophilized materials, three
samples of ca. 200 mg of freeze-dried material (approx. 1 g of peach puree) were
extracted with the five tested solvents. The process was continued as described in
the Material and methods section. Only the saponification step was skipped. Each
final organic solution containing the corresponding carotenoids was dried under
nitrogen stream and reconstituted with hexane. Three replicates were used for each
solvent. The total carotenoid contents, expressed as P-carotene, were determined
spectrophotometrically using Aiv 1 «m in hexane at 450 nm [28]. The percentage of
non-extracted carotenoids was calculated by assigning a value of 100% to the
method that led to the highest total carotenoid content.

The MeOH/THF mixture and methanol extractions achieved the highest
extraction of the major carotenoids in the samples, followed by ethanol, which
extracted 12% less (Table 1). The ethanol/hexane mixture and 100% acetone
extractions showed the poorest performance, with extraction yields around 30%
lower than the most efficient extraction solvents. In fact, only the MeOH/THF
mixture and methanol allowed complete decolouration of the peach samples (see
picture in Supplementary Data). Given that THF exhibits greater toxicity and a
tendency, as an ether compound, to form peroxides, which are known to catalyse
carotenoid decomposition, methanol was chosen as the starting extraction solvent in

subsequent assays.

Table 1. Total carotenoids extracted with the five starting solvents.

Number Starting solvent Total carotenoids (pg/g % Non-extr'acted
fresh matter) »b carotenoids
1 Methanol 12.43 £ 0.21 1
2 Methanol: THF 1:1 12.54 + 0.24 0
3 Ethanol 11.04 £ 0.24 12
4 Ethanol:hexane 4:3 841+ 0.10 33
5 Acetone 8.53 + 0.36 32

*Mean and SD corresponding to # = 3.

b Expressed as B-carotene.
3.2. UPLC optimization.

Here, we tested two columns, namely the ACQUITY UPLC BEH C18 and the
ACQUITY UPLC HSS T3, both C18 reversed-phase, with 100 mm x 2.1 mm

dimensions. To evaluate column performance, the gradient described by Rivera et al.
[33] was applied to samples and standards. The HSS T3 column retains a greater



84| UPLC analysis to study the changes in carotenoid profile of commercial monovarietal fruit juices

amount of polar catotenoids and B-carotene than the BEH C18 column [24, 25].

The retention time of B-carotene in HSS T3 was delayed by more than 8 min in
comparison with that of BEH C18. This delay resulted in a dramatic increase in the
analysis time and deterioration in the limit of detection (LOD) and limit of
quantification (LOQ) because of the peak broadening. Thus, the ACQUITY BEH
C18 column was chosen to perform the carotenoid analyses in fruit juices and

purees.

The gradient was optimized on water concentration (25%) and slope of the first
gradient to attain optimum separation without causing excessive peak broadening.
The column temperature was set at 32 °C, keeping it below the 35 °C maximum
recommended for the analysis of carotenoids to prevent their degradation[42]. In
previous studies, low-polar solvents, such as dichloromethane [24], ethyl acetate
[27], chloroform [26] and Zer#-butyl methyl ether [25], had been used to decrease
retention time. Nevertheless, Waters (USA) recommends not using these solvents in
their UPLC systems [43]. Fu et al. achieved the separation of the main algae
carotenoids in 20 min but using tert-butyl methyl ether and a column temperature of
45°C [25]. With our optimized method, the separation of the main carotenoids was
shortened to 16.5 min, being the fastest separation until now. In addition, the
method allowed separation of the hydroxycarotenoids (all-E)-zeaxanthin and (all-E)-
lutein (Rs = 1.45), which differ only in the position of one double bond. The
approach reported by Fu et al. [25] required MS detection to quantify (all-E)-lutein
and (all-E)-zeaxanthin; however, MS detection is not the most suitable option to
quantify carotenoids.

Up to now, UPLC has only been used to determine the commercially available
hydroxycarotenoids ((all-E)-zeaxanthin, (all-E)-lutein, B-cryptoxanthin) and [3-
carotene in nectarine and pumpkin [27]. In the present study, we focused on the
complex separation of 5,6- and 5,8-epoxycarotenoids and their isomers, besides the
hydroxycarotenoids and carotenes. The final gradient allowed the complete
separation of the standards available (Figure 1). Moreover, a suitable separation of
the main geometrical isomers of violaxanthin and neoxanthin present in fruit and
5,8-epoxycarotenoids, such as luteoxanthin, neochrome, mutatoxanthin and
auroxanthin, was achieved. This study is the first to describe the separation of
epoxycarotenoids present in fruit or fruit products by UPLC and greatly improves
the previously reported HPLC methods [5,21]. This improvement is due to greater
peak efficiency obtained by UPLC for epoxycarotenoids, which are the least retained
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compounds, and allowed us to obtain better chromatographic resolution between
p > grap

the epoxycarotenoids.

450 nm
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Figure 1. Chromatographic analysis of a mixture of carotenoid standatrds ((9'Z)-neoxanthin (4), (all-E)-
violaxanthin (5), (all-E)-antheraxanthin (8), (all-E)-zeaxanthin (17), (all-E)-lutein (18), B-
cryptoxanthin (23), B-carotene (25), numbered according to Table 3. Detection measured at
450 nm.

3.3. Method validation and recoveries.

The method was validated by determining the instrumental LOQ and LOD,
repeatability (expressed as relative standard deviation (RSD)) and recoveries (%o)
using spiked samples with available standards. Table 2 shows the LODs, recoveries
and method repeatability. LODs ranged from 0.022 pg/mL to 0.16 pg/mL
depending on the compound, and were determined considering the three-fold
signal/noise ratio approach. LOQs ranged from 0.07 pg/mL to 0.52 pg/mlL. These
limits are comparable with or slightly better than those reported previously [25].

Recoveries were evaluated in pear because this sample had the less complex
carotenoid profile. Despite the temperature of 55 °C in the saponification step, the
recoveries ranged from 89% to 104% for hydroxycarotenoids, (all-E)-
antheraxanthin and B-carotene. These recoveries are similar to those reported in the
literature [13]. Diepoxycarotenoids (9'Z)-neoxanthin and (all-E)-violaxanthin
presented slightly lower recoveries of 75% and 82%, respectively. To explain these
lower recoveries, it should be considered that these two compounds are more polar
than the epoxycarotenoid (all-E)-antheraxanthin. This higher polarity of these free
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carotenoids may hamper their recovery from the spiked sample using the methanol
extraction followed by hexane and hexane/diethyl ether partition processes.
Nevertheless, it must be considered that these epoxycarotenoids are mainly
esterified in fruit juices [44, 45]. Consequently, the recovery of (9'Z)-neoxanthin and
(all-E)-violaxanthin as esters could be higher than that found in this spiking study
due to their lower polarity. To evaluate recoveries when carotenoids are released,
both free diepoxycarotenoids ((9'Z)-neoxanthin and (all-E)-violaxanthin) were
spiked at the saponification step and the recoveries exceeded 90% (Table 2).

Table 2. LODs, recoveties and RSDs (%, # = 3) for carotenoid standards.

Carotenoid LOD LOQ Recoveries Repeatability
(ug/mL) (ug/mL) (%, n=3) (%RSD, n = 3)

(9' Z)-Neoxanthin 0.031 0.10 82 (93)« 76

(all- E)-Violaxanthin 0.031 0.10 75 (98) 2 4 (7)a
(all-E)-Antheraxanthin 0.029 0.10 93 4
(all- E)-Zeaxanthin 0.022 0.07 96 4
(all-E)-Lutein 0.029 0.10 93 4
B-Cryptoxanthin 0.060 0.20 93 4
B-Carotene 0.157 0.52 104 5

* In brackets, recoveries and repeatability associated with the saponification step.

3.4. Identification.

Identification of many carotenoids with the corresponding standard was limited
because these standards are not commercially available. We therefore used various
tools to identify the maximum number of carotenoids. The published data about
chromatographic behaviour on C18 [20, 21] and C30 [17-19] phases together with
the UV-vis absorption spectra (namely, the position of the absorption maxima and
the spectral fine structure) were used to identify the carotenoids. Also published
data in relation to the main carotenoids in the studied matrices, was used for
identification purposes (Table 3). Although some carotenoids have a very similar
chemical composition and structure, MS confirmed carotenoid identification by
providing the molecular weight and fragmentation patterns using APCI in positive
ionization [46].
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Table 3. Chromatography, UV-vis and MS parameters of carotenoids found in the samples.

Peak Carotenoid t (min) Amax (nm) %(II1/II)=
1 (all-E)-Neoxanthin ¢ 3.24 418;442;471 90
2 Neochrome A ¢d 3.33 400;423;451 95
3 Neochrome B ¢d 3.70 399;423;451 95
4 (9'Z)-Neoxanthin b 3.79 329;414;438;466 89
5 (all-E)-Violaxanthin 4.00 417;442;:471 93
6 (all-E)-Luteoxanthin A ed 4.55 401;424;450 98
7 (all-E)-Luteoxanthin B ed 4.75 401;424;450 98
8 (all-E)-Antheraxanthin b 4.89 422;448;475 62
9 Auroxanthin A ed 4.99 384;403;428 100

10 Auroxanthin B &d 5.07 384;403;428 100
11 Mutatoxanthin A &d 5.41 408;430;456 60

12 (9Z)-Luteoxanthin A d 5.46 313;396;418;445 98

13 Auroxanthin Ced 5.58 384;403;428 100
14 (92)-Violaxanthin ¢ 5.55 328;414;437;466 92

15 (92)-Luteoxanthin B ed 5.61 313;397;419;444 98

16 Mutatoxanthin B ed 5.74 408;430;456 60

17 (all-E)-Zeaxanthin 5.76 428;453;478 19

18 (all-E)-Lutein b 5.85 424;447:475 61

19 Lutein isomer ¢ 6.96 332;419;449;471

20 Lutein isomer ¢ 7.02 332;419;449;468

21 Lutein isomer ¢ 7.08 332;419;449;469 36

22 (all-E)-a-Cryptoxanthin © 8.03 420,449,476 59

23 (all-E)-B-Cryptoxanthin ® 8.37 424,452,479 18

24 C-Carotene 10.35 381;402;426 94
25 [-Carotene b 10.86 422;452;479 1

26 Phytofluene ¢ 11.00 332;349;369 84
27 Phytoene P 11.66 275;287;299

2 Fine structure; the relationship between the peak heights of the longest wavelength absorption band (III) and the

middle absorption band (II), measured from the minimum between the two peaks, and expressed as a percentage.
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Table 3. Cont.

Peak Carotenoid Precursor ion [M+H]* | Production | Production
(m/ z) 14 (mn/2) 2¢ (m/2)

1 (all-E)-Neoxanthin ¢ 601 167 (20) 583 (10)
2 Neochrome A ed
3 Neochrome B ed
4 (9'Z)-Neoxanthin b 601 167 (20) 583 (10)
5 (all-E)-Violaxanthin 601 93 (45) 133 (40)
6 (all-E)-Luteoxanthin A ed 601 93 (45) 133 (40)
7 (all-E)-Luteoxanthin B ed 601 93 (45) 133 (40)
8 (all-E)-Antheraxanthin 585 93 (55) 105 (45)
9 Auroxanthin A ed 601 93 (45) 133 (40)
10 Auroxanthin B ed 601 93 (45) 133 (40)
11 Mutatoxanthin A ed 585 93 (55) 105 (45)
12 (92)-Luteoxanthin A ed 601 93 (45) 133 (40)
13 Auroxanthin C ed 601 93 (45) 133 (40)
14 (92)-Violaxanthin ¢ 601 93 (45) 133 (40)
15 (92)-Luteoxanthin B «d 601 93 (45) 133 (40)
16 Mutatoxanthin B ed 585 93 (55) 105 (45)
17 (all-E)-Zeaxanthin 568 551 (10) 135 (30)
18 (all-E)-Lutein ® 568 551 (10) 135 (30)
19 Lutein isomer ¢
20 Lutein isomer ¢
21 Lutein isomer ¢
22 (all-E)-a-Cryptoxanthin ¢
23 (all-E)-B-Cryptoxanthin ® 553 4061 (15) 119(35)
24 C-Carotene ©
25 B-Carotene® 537 445 (15) 119(40)
26 Phytofluene ¢ 543 93 (45) 69 (45)
27 Phytoene P 545 81 (35) 69 (35)

bJdentification considering the UV-vis spectrum and specific mass fragments of the standard compounds.

¢ Tentative identification based on UV-vis spectrum, MS, fine structure and HPLC/UHPLC published data.

4 Because it has not been possible to assign the chiral configuration of the 8 or 8’ carbon in these peaks, through
UV-vis absorption spectra and MS, they have been named as A, B and C.

¢ In brackets collision energy (kV).
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Figure 2. (A) Freshly squeezed Golden Delicious apple juice sample analysed at 450 nm; (B)
commercial Spring Lady peach puree sample analysed at 428 nm; and (C) freshly blended
Spring Lady peach puree sample analysed at 349 and 287 nm.

Figure 2 (A) shows the identification of (all-FE)-neoxanthin (chromatographic peak
1),  (9'Z)-neoxanthin  (chromatographic ~ peak  4),  (all-E)-violaxanthin
(chromatographic peak 5) and (9Z)-violaxanthin (chromatographic peak 14) in
freshly squeezed Golden Delicious apple juice using the criteria mentioned above.
We assigned the corresponding chromatographic peaks to these four compounds
using commercial standards (9'Z)-neoxanthin and (all-E)-violaxanthin and literature
data [21]. The 9Z isomers showed a characteristic hypsochromic shift of 4 nm as
compared with all-E (see spectra data in Supplementary Data) [47, 48]. This shift
allowed us to differentiate (9'Z)-neoxanthin (chromatographic peak 4) and (all-E)-
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violaxanthin (chromatographic peak 5) from (all-E)-neoxanthin (chromatographic
peak 1) and (9Z)-violaxanthin (chromatographic peak 14), respectively. The
protonated molecules [M+H]* of violaxanthin and neoxanthin obtained by APCI
could not be distinguished because they have the same molecular weight. However,
these molecules were discernible using the transition 601—>167, described by Rivera
et al. [46], the intensity of which was much higher for neoxanthin than violaxanthin

(Figure 3).
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Figure 3. APCI-MS/MS chromatograms from an apple sample (left) and (9'Z)-neoxanthin and (all-
E)-violaxanthin standard carotenoids (right). Transitions 601—583 (top) and 601167 7/
(bottom).

5,8-Epoxycarotenoids, together with their 5,6-epoxide isomers, are present in a
range of fruit juices [16, 47, 49]. 5,6-Epoxides readily rearrange to form 5,8-epoxides
upon treatment with dilute acids, irradiation of the solutions, etc. [6] These epoxide—
furanoid rearrangements of violaxanthin, neoxanthin and antheraxanthin are
described in Supplementary Data. The presence of 5,8-epoxycarotenoids was
confirmed by tandem mass spectrometry (MS/MS) using the same transitions of
5,6-epoxycarotenoids. This allowed us to determine which 5,8-epoxycarotenoids
were formed from each 5,6-epoxycarotenoid. Nevertheless, we were unable to
distinguish 5,8-epoxycarotenoids from the corresponding 5,6-epoxycarotenoids
using MS/MS transitions because they are the same for both groups [47, 48]. As the

two epimers have a Ama ® 20 nm lower than that in (all-E)-neoxanthin in the UV-
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vis spectrum, the chromatographic peaks 2 and 3 were assigned to the two epimers
of neochrome [6, 48]. Because it has not been possible to assign the chiral
configuration (8'K) or (8'S) to these two chromatographic peaks through UV-vis
absorption spectra and MS, they have been named as neochrome A and B. These
compounds were detected mainly in freshly squeezed apple juice. This finding is
consistent with the observation that the apple juices had a higher neoxanthin
content than the juice of the other fruits studied. Two epimers for the (all-E)-isomer
(chromatographic peaks 6 and 7) and two more for the (92)-isomer
(chromatographic peaks 12 and 15) of luteoxanthin were identified in freshly
squeezed apple juices and freshly made peach purees (Figure 2 (A) and (B)). The
identification was corroborated with the hypsochromic shift of 20 nm, which
decreased the longest-wavelength absorption band of all-E and 9Z to 450 and 444
nm, respectively [47]. As indicated above, the epimers (8'R) and (8'S) were not
assigned to a specific chromatographic peak, consequently these peaks have been
named as luteoxanthin A and B. Furthermore, three chromatographic peaks (9, 10
and 13) were identified as the three stereoisomers of auroxanthin on the basis of the
presence of two 5,8-furanoid rings. Their presence was supported considering that
the maximum of the UV-vis specttum was at Am. ® 40 nm lower than that of
violaxanthin [5, 48]. Following the same criteria for the inability to distinguish
stereoisomers of auroxanthin (8K, 8'K), (8K, 8'S) and (85, 8'S), the chromatographic
peaks have been named as auroxanthin A, B and C. These compounds were found
mainly in processed juices and purees (Figure 2 (C)). Monoepoxycarotenoid (all-E)-
antheraxanthin (chromatographic peak 8) was identified using the retention time of
a commercial standard. In addition, the chromatographic peaks 11 and 12, at
retention times 5.48 and 5.74 min, were tentatively assigned to two epimers of
mutatoxanthin. As before for the violaxanthin and neoxanthin isomers, the
hypsochromic shift of 20 nm allowed us to identify these 5,8-epoxycarotenoids [49].
(all-E)-Antheraxanthin and mutatoxanthin were found in the peach purees.
Mutatoxanthin epimers (A and B), like auroxanthin, were found mainly in processed
fruit juices and purees (Figure 2 (C)). Similar results have been reported in other
matrices [5, 49, 50].

(all-E)-Zeaxanthin and (all-E)-lutein (chromatographic peaks 17 and 18,
respectively) were determined by direct comparison with commercial standards. The
identification of the three consecutive peaks located close to 7 min
(chromatographic peaks 19, 20 and 21) was achieved using data published by Fu et
al. [25], which tentatively identified them as lutein isomers. These isomers were
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found mainly in pear, which exhibited the highest content of (all-EE)-lutein. Similarly,
the monohydroxycarotenoid region was examined in the chromatogram, identifying
B-ctyptoxanthin (chromatographic peak 23) at retention time 8.42 min by
comparison with a standard. The assignment of a-cryptoxanthin (8.06 min,
chromatographic peak 24) was corroborated considering the UV-vis hypsochromic

shift of #3 nm, its mass spectrum and its chromatographic behaviour [40].

The presence of B-carotene (chromatographic peak 25) was confirmed by co-
elution with a commercial standard. Chromatographic peak 23 was assigned to C-
carotene because of its characteristic UV-vis specttum (Amx = 426 nm) and
chromatographic behaviour relative to the other geometrical isomers of carotene
[28, 51, 52]. In contrast to all other carotenoids, phytoene (chromatographic peak
27) and phytofluene (chromatographic peak 26) showed maxima in the UV range.
Their identification was based on UV-vis absorption spectra and was confirmed by
considering the MS transitions reported by Rivera et al. [46].

3.5. Application of the method developed.

Finally, the method developed was applied to freshly squeezed juices of several
apple varieties to assess its capacity to distinguish between monovarietal juices
(Table 4). Given that apple has a complex carotenoid profile [53], we considered it a
suitable matrix for evaluating the method. The carotenoid profile obtained was very
similar to that described previously for fresh fruit [54]. The main carotenoids in
freshly squeezed apple juices were (all-E)-lutein, B-cryptoxanthin, B-carotene and
geometrical isomers of violaxanthin and neoxanthin. Isomers of luteoxanthin and
neochrome, (all-E)-antheraxanthin and (all-E)-o-cryptoxanthin appeared in minor
amounts. Luteoxanthin and neochrome isomers theoretically appear from the

rearrangement of their respective 5,6-epoxides because of the acidic conditions [6,
16].

For the freshly squeezed juices of the six most popular commercial apple
varieties consumed in Catalonia, the content of total carotenoid ranged from 552

pg/100 g to 186 pg/100 g, as determined by UPLC. The Golden Delicious vatiety
had the highest carotenoid concentration and Granny Smith the lowest. However,
the latter showed the highest lutein concentration (48.6 pg/100 g) followed by
Golden Delicious (36.8 pg/100 g) and Red Delicious (28.4 pg/100 g). Golden

Delicious contained 41.6 ug/ 100 g of B-carotene, whereas in other varieties the
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amounts of this compound ranged from 14.5 to 22.6 pg/100 g. The highest

concentration (19.3 ng/100 g) of B-cryptoxanthin was also observed in this variety.
Golden Delicious, Fuji and Royal Gala registered the highest amounts of
violaxanthin, whereas the highest concentrations of neoxanthin were found in
Golden Delicious and Fuji varieties.
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Table 5. Carotenoid content (Hg/100 g fresh matter) of freshly blended and commercial purees of

Miraflores and Spring Lady peaches.

Commercial Commercial Freshly Freshly .
Carotenoid Miraflores Spring Lady b}ended blended Spring
Miraflores Lady peach
peach puree # peach puree » peach puree puree s
(all-E)-Neoxanthin 54.0 £ 3.2 53.7+ 2.0
Neochrome A 421 +24 342+ 3.0
Neochrome B 293%£0.7 248+ 1.1
(9'Z)-Neoxanthin 548 + 4.0 424 +2.0
(all-E)-Violaxanthin 703.8 £57.4 412.7 £ 54.4
(all-E)-Luteoxanthin A 26122 16.7 £ 1.1 54.7 £ 4.1 331+25
(all-E)-Luteoxanthin B 2721296 185+ 1.3 944£73 60.4 £ 3.6
(all-E)-Antheraxanthin 162.1 £22.1 842+ 118
Auroxanthin A 112.0 £ 10.2 847t 11.2
Auroxanthin B 80.5% 5.8 60.9 £ 6.6
Mutatoxanthin A 69.7£5.0 50.3 + 3.9
(9Z)-Luteoxanthin A 329%33 233+12 56.4 £ 4.2 37.7%+3.0
Auroxanthin C 88674 67.8 £ 6.5
(92)-Violaxanthin 190.4 £ 32.3 181.5£29.3
(9Z)-Luteoxanthin B 31.3£27 221+13 46.8 £33 275+ 138
Mutatoxanthin B 56.5+ 4.3 412+ 41
(all-E)-Zeaxanthin 87.6 £ 10.6 473 +32 105.5 £ 29.7 435156
(all-E)-Lutein 552 %36 420+23 839+ 76 499 £3.7
(all-E)-B-Cryptoxanthin 512.0 £ 56.5 166.4 £ 36.5 635.67 £79.4 1459 £ 28.8
C-Carotene 784+ 114 21.4+12.0 109.8 £ 29.6 19.6 £ 2.4
B-Carotene 226.5%£222 153.6 £ 12.0 307.8 £ 253 165.0 £ 25.4
Phytofluene 340%0.9 19.6 £ 0.9 478 £ 4.9 177 £ 1.1
Phytoene 96.2£82 524 £ 48 119.07 £18.8 399+£77

* Mean and SD corresponding to six batches (7 = 6).

Once the usefulness of the method to accurately distinguish freshly squeezed

juices was confirmed from six apple varieties, we studied the changes in carotenoid

profiles in other monovarietal fruit products. For this purpose, we analysed six

commercial samples of purees of Miraflores and Spring Lady peaches and Blanquilla

and Conference pear juices, which were processed industrially. Fresh, homemade
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peach puree and pear juice were also analysed. Table 5 shows the concentrations of

the carotenoids present in these samples.

In freshly blended peach purees (all-E)-violaxanthin was the main carotenoid
followed by P-ctyptoxanthin and P-carotene. (9Z)-Violaxanthin, neoxanthin
isomers, luteoxanthin isomers, (all-F)-zeaxanthin, (all-E)-lutein, (all-E)-
antheraxanthin, C-carotene, phytofluene and phytoene were also found. It is
important to note that {-carotene was tentatively identified and quantified. This is
the first time that this carotene has been reported in peach samples. On the other
hand, in the commercial peach purees the main carotenoids were auroxanthin
isomers, P-cryptoxanthin and P-carotene. Neochrome isomers, luteoxanthin
isomers, (all-E)-zeaxanthin, (all-E)-lutein, mutatoxanthin isomers, C-carotene,
phytofluene and phytoene were also found. Figure 4 shows the different profile in
the region of the epoxycarotenoids for the commercial and freshly blended
Miraflores peach purees. The same was observed for commercial and freshly
blended Spring Lady peach purees. These profile differences could be attributed to
the processing time and the temperature used for pasteurization that increase
isomerization of 5,6- to 5,8-epoxides in the presence of acid media. The content of
violaxanthin isomers was higher in the freshly blended puree, whereas the epimers
of auroxanthin (derived from violaxanthin isomers) were higher in the commercial
juices. Neoxanthin isomers and antheraxanthin rearrangements exhibited the same
behaviour, promoting the presence of neochrome epimers and the mutatoxanthin
epimers, respectively. Comparing freshly blended purees and commercial purees, the

relative ratios of the other carotenoids remained unaltered.

Trying to distinguish between varieties of Spring Lady and Miraflores peach
purees, the first evidence was that the total content of carotenoids was higher in
Miraflores than in Spring Lady for both freshly blended and commercial purees
(Table 5). The presence 5,6-epoxycarotenoids in freshly blended purees of Spring
Lady and Miraflores could be used to differentiate between them. Indeed, (9'Z)-
neoxanthin, (all-E)-violaxanthin and (all-E)-antheraxanthin, whose respective
amounts were 54.8, 703.8 and 162.1 pg/100 g in the Spring Lady variety, were in
contrast to the lower values of the Miraflores variety 42.4, 412.7 and 84.2 pg/100 g,
respectively. In commercial peach purees the 5,8-epoxycarotenoids allow us to
differentiate the Spring Lady and Miraflores varieties. In this case, the contents of
71.4 pg/100 g of neochrome (A and B), 281.1 pg/100 g of auroxanthin (A, B and
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C) and 126.2 ng/100 g of mutatoxanthin (A and B) were higher than the contents of
the Miraflores variety 59.0, 213.4 and 91.5 pg/100 g, respectively.
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16e-1 A
1401 428+450 nm
1.2e1
1.0e-1
2 80e2 14
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4062 6 78 7 18
2082 1 4 121115
00
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Figure 4. Carotenoid profile over the range 3.00-6.90 min at 428 + 450 nm for freshly blended (A)
and commercial (B) Miraflores peach puree.

As was noted above, the hydroxycarotenoid and carotene profiles were quite
similar between freshly blended and commercial purees. In this case, the contents of
B-cryptoxanthin were much higher in the Miraflores than in the Spring Lady
peaches, whereas the B-carotene content was not so different. The concentrations of

(all- £)-zeaxanthin and phytoene were also higher in Miraflores peaches.

The same methodology was applied to pear juices, which showed a simpler
carotenoid profile, as already described [55, 56]. The profile was dominated mainly
by (all-E)-lutein followed by B-carotene (Table 6). The epoxycarotenoid content of
this kind of fruit juice has not been described previously. Our finding might be due
to the higher sensitivity achieved using UPLC, which allowed the identification and
quantification of isomers of neoxanthin and violaxanthin in the freshly squeezed
pear juices. Of note, pear juice was the only sample of the study in which lutein
isomers were sufficient to be quantified.
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In the pear juices, the hydroxycarotenoids and carotenes identified were the same
in freshly squeezed and commercial juice, but in this case, the profile was different.
These results could be a consequence of the difficulty of reproducing the
commercial juice process in the lab. Despite this fact, to distinguish between
varieties of Conference and Blanquilla the ratio between (all-E)-lutein and (all-E)-
zeaxanthin could be used. This ratio was higher in the Blanquilla than in the
Conference variety in both freshly squeezed and commercial juices.

4. Conclusions.

Here, we described a UPLC-PDA-MS/MS analytical method that allows the
simultaneous determination of epoxycarotenoids, hydroxycarotenoids and carotenes
in monovarietal freshly made and industrially processed fruit juices. Extraction of
carotenoids was performed using freeze-dried samples to reduce time and solvent
consumption. The extraction using methanol as the first extracting solvent provided
the highest extraction yield for all carotenoids. The recoveries of the whole
extraction method were over 90% and repeatability was better than 10% (%RSD, #
=3).

Separation of the main epoxycarotenoids, hydroxycarotenoids and carotenes was
achieved using common solvents in UPLC (ACN, methanol and water) in less than
17 min. The chromatographic separation was focused on epoxycarotenoids, which
presented the profile of greatest complexity in fruit juices. The method allowed the
proper separation of the main 5,6- and 5,8-epoxycarotenoids and the separation of
the geometrical isomers and epimers for the first time in a UPLC system. Up to 27
carotenoids were tentatively identified in apple, peach and pear products, based on
chromatographic retention time, UV-vis absorption spectra and MS/MS.

The developed method allowed us to observe that the six samples of apple
varieties show a different carotenoid profile. These results show that the carotenoid
analysis could be useful to differentiate between apple varieties. The method was
applied to study the changes in the carotenoid profile in commercial and freshly
made monovarietal fruit products (peach purees and pear juices). We found that the
5,6-epoxycarotenoids are the main carotenoids defining the profile in the freshly
made samples, while they did not appear in the commercial samples. The
rearrangements of 5,6-epoxycarotenoids to 5,8-epoxycarotenoids during the
corresponding industrial processes might explain these results. The relative ratios of
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the other carotenoids remained unaltered when comparing freshly blended and

commercial products.
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APPENDIX A. Supplementary data.

Starting solvent comparison.

~

:

MeOH 100 % MeOH:THF 1:1 EtOH 100% EtOH/hexane 4:3 Acetone 100%

MeOH 100% VS MeOH:THF 1:1

Figure S-1. Picture/Visual comparison of the five starting extraction solvents assessed.
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Comparison HSS-T3 vs BEH C18.
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Figure S-2. Comparison of chromatographic separation of standard, carried out with (A) Acquity
UHPLC BEH C18 and (B) Acquity UHPLC HSS T3. 1- (9°Z)-neoxanthin, 2- (all-E)-
violaxanthin, 3-(all-E)-antheraxanthin, 4- (all-E)-zeaxanthin, 5- (all-E)-lutein, 6-8-
cryptoxanthin, 7- §-carotene.
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Method HPLC-PDA using YMC 30 column.

The HPLC system consisted of a 2690 Alliance Waters quaternary pump. The

detection was performed with a PDA detector Waters.

The chromatographic system was a quaternary pump system Waters Alliance 2695

coupled to PDA detector. The separation was carried out with an HPLC column
YMC C30 RP (100 x 2,0 mm i.d., 3 um) (Wilmington, MA, USA).

Table S-1. HPLC-PDA conditions.

Column:
Solvents:

Gradient:

Flow rate:
Column
temperature:

Injection volume:

YMC C30 RP (100 x 2,0 mm i.d., 3 pm) (Wilmington, MA, USA)
Solvent A: Methanol

Solvent B: Mehyll tert-butyl ether

Solvent C: Water

Time (min)

Initial
6.11
7.78
13.89
15.56
17.22
17.78
19.44
26.56
0,25 Ml/min
25°C

5ul

% Solvent A

93

93
100
70

50

50

30
initial
initial

% Solvent B

% Solvent C

initial
initial
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Epoxide—furanoid rearrangements of violaxanthin, neoxanthin.
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Figure S-3. Scheme of epoxide—furanoid rearrangements of violaxanthin, neoxanthin and
antheraxanthin observed in the samples.
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UV /Vis-Spectra of the carotenoids.

Table S-2. Chromatography and UV-vis parameters of carotenoids found in the samples.

Peak Carotenoid tr (min) Amax (nm) %(II1/1II)2
1 (all-E)-Neoxanthin 3.24 418;442;471 90
2 Neochrome A 3.33 400;423;451 95
3 Neochrome B 3.70 399,423,451 95
4 (9'Z)-Neoxanthin 3.79 329;414;438;466 89
5 (all-E)-Violaxanthin 4.00 417;442;471 93
6 (all-E)-Luteoxanthin A 4.55 401;424;450 98
7 (all-E)-Luteoxanthin B 4.75 401;424;450 98
8 (all-E)-Antheraxanthin 4.89 422,448,475 62
9 Auroxanthin A 4.99 384;403;428 100

10 Auroxanthin B 5.07 384,403,428 100
11 Mutatoxanthin A 5.41 408;430;456 60

12 (9Z)-Luteoxanthin A 5.46 313;396;418;445 98

13 Auroxanthin C 5.58 384;403;428 100
14 (92)-Violaxanthin 5.55 328;414;437;466 92

15 (92)-Luteoxanthin B 5.61 313;397;419;444 98

16 Mutatoxanthin B 5.74 408;430;456 60

17 (all-E)-Zeaxanthin 5.76 428;453;478 19

18 (all-E)-Lutein 5.85 424;,447;475 61

19 Lutein isomer 6.96 332;419;449;471

20 Lutein isomer 7.02 332;419;449;468

21 Lutein isomer 7.08 332;419;449;469 36

22 (all-E)-a-Cryptoxanthin 8.03 420,449,476 59

23 (all-E)-B-Cryptoxanthin 8.37 424;452;479 18

24 C-Carotene 10.35 381;402;426 94

25 B-Carotene 10.86 422;452:479 11

26 Phytofluene 11.00 332;349;369 84

27 Phytoene 11.66 275;287;299
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Peak 13
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Peak 21
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Peak25

79 13012 (10.844) Cm (12928:13031-13238:13297) 12: Diode Array
45196 1.073e-2

1.0e-2

9.0e-3

8.0e-3

7.0e-3

6.0e-3

AU

5.0e-3
4.0e-3
3.0e-3
2.0e-3

2

1.0e-3:

. BAREA Al nads A ARARE LS
220 240 260 280 300

Peak 26

jaa e e  nm
320 340 360 380 400 420 440 460 480 500

79 13195 (10.996) Cm (13176:13234-13411:13452) 12: Diode Array
348.96 3.221e-3

3.0e-3]

25037

2.0e-3]

AU

1503

1.0e-3]

T T e T T e | nm
220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Peak 27

79 13964 (11.637) Cm (13938:14034-14132:14198) 12: Diode Array
286.96 6.948e-

6.0e-3]
5.0e-3]
4.0e-3
3.0e-3
2.0e-3

1.0e-3]

0.0 e
220 240 260 280 300 320

R A A AL AL & AL
340 360 380 400 420 440 460 480 500



116 | UPLC analysis to study the changes in carotenoid profile of commercial monovarietal fruit juices

Wavelength used in quantification with PDA detector to each carotenoid

compound.

Table S-3. Summary of the wavelength and the standard (calibration curve) used to quantify each

carotenoid.
Peak Carotenoid t (min) ion(nm) | Standard used for quantiation
1 (all-£)-Neoxanthin 3.24 468 (9°Z)-Neoxanthin
2 Neochrome A 333 450 (9°Z)-Neoxanthin
3 Neochrome B 3.70 450 (9°Z)-Neoxanthin
4 (9" Z)-Neoxanthin 3.79 468 (9°Z)-Neoxanthin
5 (all-E)-Violaxanthin 4.00 468 (all-E)-Violaxanthin
6 (all-E)-Luteoxanthin A 4.55 450 (all-E)-Violaxanthin
7 (all- E)-Luteoxanthin B 4.75 450 (all-E)-Violaxanthin
8 (all-E)-Antheraxanthin 4.89 450 (all-E)-Antheraxanthin
9 Auroxanthin A 4.99 428 (all-E)-Violaxanthin
10 Auroxanthin B 5.07 428 (all-E)-Violaxanthin
11 Mutatoxanthin A 541 450 (all-E)-Antheraxanthin
12 (97)-Luteoxanthin A 5.46 445 (all-E)-Violaxanthin
13 Auroxanthin C 5.58 428 (all-E)-Violaxanthin
14 (92)-Violaxanthin 5.55 468 (all-E)-Violaxanthin
15 (92)-Luteoxanthin B 5.61 445 (all-E)-Violaxanthin
16 Mutatoxanthin B 5.74 450 (all-E)-Antheraxanthin
17 (all- E)-Zeaxanthin 5.76 478 (all-E)-Zeaxanthin
18 (all-E)-Lutein 5.85 478 (all-E)-Lutein
19 Lutein isomer 471 (all-E)-Lutein
20 Lutein isomer 471 (all-E)-Lutein
21 Lutein isomer 471 (all-E)-Lutein
22 (all-E)-o.-Cryptoxanthin | 8.03 450 (all-E)-B-Cryptoxanthin
23 (all-E)-B-Cryptoxanthin | 8.37 450 (all-E)-B-Cryptoxanthin
24 C-Carotene 10.35 426 B-Carotene
25 B-Carotene 10.86 450 B-Carotene
26 Phytofluene 11.00 349 Phytoene
27 Phytoene 11.66 287 Phytoene




3.1.2. A fast and reliable UPLC method to assess the fate of
chlorophylls in processed vegetable products.
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ABSTRACT

Chlophyll and their derivatives were successfully determined in tea and
processed vegetable and fruit foodstuffs by UPLC with photodiode-array and mass
spectrometry detection. Up to 48 chlorophylls and derivatives were identified, the
method allowed the proper separation of the chlorophyll derivatives obtained from
demetalitation,  dephytilation,  decarbomethoxylation = epimerisation  and
coppetisation in less than 12 min, using an optimised ternary gradient (MeOH,
iPrOH,MeCN and HO 10 mM of ammonium acetate) on ACQUITY HSS T3
column. Mass spectrometry was used as identification tool applying both ESI and
APCI ionisation sources. The method was applied to evaluate the degree of
processing in teas of different origin and quality, allowing differentiate between
supermarket own-brand tea bags and offered teas by specialised shops. In processed
green vegetable and fruit products were determined mainly pheophytins,
pheophorbides and pyro derivatives thereof. However, in several products were also
detected chlorophyll derivatives food colourants such as: Cu-chlorophyllins, Cu-
pheophytins, Cu-pyropheophytins, Cu-pheophorbides and Cu-pyropheophorbides.
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1. Introduction.

Chlorophylls belong to the group of the most important bioorganic molecules,
because of their important functions in photosynthesis and plant physiology.
Chlorophyll compounds fulfil certain biological functions that are effective as long
as chlorophyll derivative conserves the basic porphyrin ring structure. Recently,
chlorophyll and its derivatives exhibited important health-promoting functions such
as antimutagenic and anticarcinogenic activities [1-4]. In the human diet, these
compounds are present in many foodstuffs of plant origin. It has been related that
chlorophylls are susceptible to chemical and physical changes during the processing
[5]. Mild processing leads to pheophytinization reaction, resulting from a generalised
liberation of acids that provokes a demetalitation. Demetalitation and epimerisation
are also promoted during heat treatment and an additional decarbomethoxylation
when the heating time is delayed, originating mainly pyropheophytin [6, 7]. The
processing conditions can also induce the enzymatically endogenous activity, arising
dephytylated chlorophyll derivatives, mainly pheophorbide, and chlorophyllides at
high pH conditions [8]. Pheophorbide can be degraded via pheophytins and via
chlorophyllides and literature has related that pheophorbides is the last
chromophore derivate involved in the chlorophyll degradation pathway [9]. Storage
conditions are also factors to be considered, for instance depending on the light or
dark conditions, the reactions of degradation of chlorophylls are different as well as
their degradation products [10]. Demetalitation chlorophyll derivatives, which are
the main found in processed foods, exhibit a brown olive colour less pleasurable
than the bright green of the chlorophylls. It makes that to improve product
presentation the food colouring known as E-141(1) and E-141(ii) are usually added.
Both are a mixture of a large number of compounds referred as copper complexes
of chlorophylls (E-141(1)) and chlorophyllins (E-141(3i)). Thus in food science
chlorophylls and their derivatives are used as markers in food processing. In this
context, rapid analytical methods are needed to identify and quantify chlorophyll
derivatives in processed foodstuff and to track chlorophyll degradation. The study
chlorophyll derivatives profile would allow assessment of processing level as well as
if it has been added colorant.

To date, reversed-phase high-performance liquid chromatography (HPLC),
mainly with C18 but, also C30 stationary phases, has been the principal tool used for
the analysis of chlorophyll derivatives in various vegetables matrices. [11-16]. To
analyse colorants from copper complexes, C30 and C18 were also used to carry out

the separation[17, 18]. In the cases of acidic pigments analysis such as
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chlorophyllides, pheophorbides and chlorins must be used very high concentration
of ion-pairing reagents and is also necessary the use of apolar solvents to elute the
more apolar chlorophyll derivatives. The main consequence is that the
chromatographic system has to operate in extreme conditions. Recently, ultra
performance liquid chromatography (UPLC) technology has also been used to
analyse compounds with similar polarity such as carotenoids [19]. This technology
offers many advantages over standard HPLC, including reduced run time and less
solvent consumption. Although, in the literature there are few articles where this
methodology is used to separate chlorophyll derivatives, and only were applied to
the separation of phytylated compounds [20].

Here, we sought to develop a rapid and reliable analytical method to determine
the chlorophyll derivatives profile in green processed foodstuff from very different
plant source such as fruit, vegetable and tea. With this in mind, an UPLC method
was developed to obtain a fast separation for the simultaneous determination of
chlorophyll derivatives metalited and demetalited as well as phytylated and
dephytylated, including Cu?* complexes of chlorophylls (E-141(i)) and copper
complexes of chlorophyllins (E-141(ii)). To identify chlorophyll derivatives
commercial standards, when were available, were applied to achieve identification.
Therefore, ultraviolet—visible (UV-vis), fine structure, mass spectra and published
information on retention times in distinct chromatographic systems are also useful
for this purpose. Although mass spectrometry (MS) cannot distinguish
stereoisomers, this technique is considered reliable for the assignment of chlorophyll
derivatives structures. In addition, we used the different ionisation modes and
acquisition modes of a tandem mass spectrometer to confirm the molecular mass
and the characteristic fragmentation patterns of the chlorophyll derivatives
tentatively identified.

2. Material and methods.
2.1. Reagents, solvents and chlorophyll derivate standards.

2-propanol, Methanol, ethyl acetate, acetonitrile (ACN) and acetone (HPLC
grade purity) were supplied by J.T.Baker (Deventer, The Netherlands). The
chromatographic solvents were ACN, methanol (LC-MS grade), also from
J.T.Baker, and water was purified in a Milli-Q system from Millipore (Bedford, MA,
USA). Sodium chloride and ammonium acetate were provided by Fluka (Buchs SG,
Switzerland).
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Chlorophyll a, chlorophyll b and pheophorbide a were purchased from Sigma-
Aldrich. All stock standard solutions were prepared in acetone and stored at —80 °C.
Chlorophyll derivative concentrations were determined spectrophotometrically
using a UV2 UV-vis spectrometer (ATI Unicam, Cambridge, UK)[21]. The values of
A1 1 em, described in the bibliography, were used to quantify each chlorophyll
derivate stock solution. Working solutions were prepared from stock solutions by
sampling an aliquot and diluting it with the injection solvent (ACN/acetone (66:33,
v/v)). Chlorophyllin sodium copper salt was purchased from Sigma-Aldrich

2.2. Samples.

Commercial luxury teas Needle Silver “white tea”, Sencha “green tea”, Matcha
“green tea”, Kenya “black tea” and Pur-ch “red tea” were supplied by Tea Shop in
Lleida, Spain. The commercial common teas were purchased from local
supermarkets in Lleida, Spain.

Kiwi jams, plum jams, green pepper jam, zucchini puree, green vegetable puree
and a melon jam 2 were purchased from local supermarkets in Lleida. Leek puree,
asparagus paté, tomato jam, kiwi juice and melon jam 1 were purchased from local
supermarkets in Andorra la Vella, Andorra. Pistachio liqueur was purchased from

local market in Sicily, Italy.
2.3. Extraction procedure.

In tea samples, pigments were extracted following the procedure described by
Suzuki et al.[11] Ten mg of tea were extracted with 2 mL of 80 % of cold aqueous
acetone filtered and directly injected.

To extract chlorophyll derivatives from various food commodities such as juices,
purees and jellies, a procedure was performed based on proposed procedure by
Scotter et al.[18]. One to 4 g of sample was weighted into a 15 mL centrifuge tube
were continuously shaken at 5000 rpm (Multi Reax; Heidolph, Schwabach,
Germany) for 10 min in a dark room with 4 mL of acetone. Then, 6 mL of ethyl
acetate was added and the tube was shaken again as before. Next, 2.5 mL of a
solution of NaCl (10%, w/v) was added and the mixture was shaken for 15 min and
cooled at 4 °C. The mixture was centrifuged at 2700 X g for 3 min at 4 °C, and the
organic layer was recovered in a 10-mL glass tube and dried under nitrogen stream
at room temperature. The residue was stored at —80 °C under nitrogen until UPLC
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analysis. The dry residue was dissolved in the injection solvent immediately prior to

analysis.
2.4. Preparation of Standard Solutions.

The chlorophyllides extract was obtained from spinach leaves lyophilised at -
50°C, 1.1 P for 24 h in a Cryodos-50 lyophilizer (Telstar, Terrassa, Spain). The
chlorophyllides extraction was performed by the action of the endogenous enzyme
chlorophyllase on chlorophylls, by incubating 5 g of dehydrated spinach with 100
mL acetone/0.2 M Tris—HCI buffer (pH 8.0, 1:1 viv) for 2 h in the dark at 40°C.
The chlorophyllide fraction — the purified mixture of chlorophyllide forms (e.g.Chlid
a and Chlid b) — was isolated from the extract by column chromatography with silica
gel as the adsorbent (silica gel 60, Merck, 0.063-0.200 mm) and the n-
hexane/acetone mixture as the eluent. The n-hexane/acetone ratio was changed
from the initial 1:0 to final 1:10, to allow an easier elution of the polar fractions. The
chlorophyllide fraction was ecluted at the eluent composition 1:3.3 (-
hexane/acetone, respectively) [22]. The final chlorophyllide extract was a mixture of
pigments containing large amounts of various chlorophyllide forms, as well as their
derivatives, in smaller amounts.

A pheophytins standard solution was prepared by acidification of the
chlorophylls standard solution (chlorophyll a and b). Hydrochloric acid (IN) was
added dropwise to 100 mL of the chlorophyll standard solution in acetone, and the
solution was shaken after each addition, complete conversion was considered once
the colour turned from green to olive brown [23].

Pyrochloropylls and pyropheophytins solutions, 10 mlL of standard solution
chlorophylls and 10 mL of pheophytins solution (in the case of pheophytin solution
previous neutralisation with 0.1 M NaOH) was extracted with diethyl ether and the
ether extract evaporated to dryness. The residue was dissolved in 20 mL of pyridine
and heated under reflux in an oil bath at 100°C during 2h. Pyridine was removed in

a rotary evaporator, and 10 mL of an acetone-water 80:20 mixture was added [7].
2.5. Ultra performance liquid chromatography.

Chromatographic analysis was performed on a Waters ACQUITY UPLC™
system (Waters, Milford, MA, USA) consisting of ACQUITY UPLC™ binary
solvent manager and ACQUITY UPLC™ sample manager, coupled to a
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photodiode array (PDA) 2996 detector. Compounds were separated with an

ACQUITY UPLC™ HSS T3 column (1.8 pm; 2.1 mm x 100 mm) (Waters,
Manchester, UK) and a gradient system with the mobile phase consisting of solvent
A MeOH/iPrOH/ACN (10/15/75, v/v/v), and solvent B, MeOH/ACN/H,O
ammonium acetate 10 mM/ (25/25/50, v/v/v). The linear gradient was as follows:
0-0.68 min, 0% B, 0.6 mlL/min (isocratic); 0.68-4.90 min, 50% B 0.6 mL/min
(linear gradient); 4.9-9min, 100% B, 0.6 to 1 mL/min (linear gradient); 9-13.7 min,
100% B, 1 mL/min (isocratic); 13.7-14 min, 0% B, 0.6 mL/min (linear gradient);
and 13.7-15 min, 0% B, 0.6 mL/min (isocratic). Weak and strong needle solvents
were ACN-MeOH (7.5:2.5, v/v) and 2-propanol, respectively. The injection volume
was 5 pL and the column was kept at 45 °C while the temperature in the sample

manager was maintained at 25 °C.

Instrument control, data acquisition and processing were carried out using
MassLynx™ software (version 4.1; Waters, USA).

2.6. Mass spectrometry.

MS analysis was carried out on a Waters ACQUITY TQD tandem quadrupole
mass spectrometer (Waters, UK). When instrument was operated using an
atmospheric pressure chemical ionisation (APCI) source in positive ion mode, the
parameters were as follows: corona voltage 4.0 kV; extractor voltage 3 V; source
temperature 150 °C; probe temperature 450 °C; desolvation temperature 150 °C;
cone gas (nitrogen) flow 10 L/h; and desolvation gas (nitrogen) flow 150 L/h.
When instrument was operated using an electrospray ionisation (ESI) source in
positive ion mode, the parameters were as follows: Cone voltage 55 V; capillary
voltage 5kV; extractor voltage 3 V; source temperature 130 °C; desolvation
temperature 250 °C; cone gas (nitrogen) flow 1 L/h; and desolvation gas (nitrogen)
flow 650 L/h. In both cases collision-induced dissociation was achieved using argon
as the collision gas at a flow rate of 0.15 mL/min in the collision cell. Data
acquisition was performed using MassLynx 4.1 software (Waters, USA).

3. Results and discussion.
3.1. UPLC optimisation.

Here, we tested two columns, namely the ACQUITY UPLC BEH C18 and the
ACQUITY UPLC HSS T3, both C18 reversed-phases. The strategy to achieve the
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best separation was based on optimise in first instance the separation of dephytyled
chlorophyll derivatives, the more polar ones, and after, the separation of non-polar
chlorophyll derivatives containing phytyl chain.

Regarding column chemistry optimisation, the HSS T3 column retains more the
polar chlorophyll derivatives (chlorophyllides and chlorins) and enhances their
resolution than the BEH C18 column. However, HSS T3 also retained motre
nonpolar derivatives, increasing the total analysis time which causes worsening of
limit of detection (LOD) and quantification (LOQ) because peak broadening. Since
exists different strategies to reduce analysis time in UPLC systems, here we chose
HSS T3 column due to its better performance to solve the more complicated

separation of the polar compounds.

To optimise the separation of polar dephytyled chlorophyll derivatives, which are
acidic pigments (2<pK,<4) [24], ion-pairing techniques must be used to achieve an
optimal chromatographic resolution [12, 14, 15]. Here, we used 10 mM of
ammonium acetate on column, which is a fully compatible buffer concentration to
operate with MS [25]. Simultaneously, optimising the slope of the first part of the
gradient and initial water percentage (50%), allowed us to obtain a chromatographic
resolution as the best described to date for dephytylated chlorophyll derivatives and
chlorin type compounds from E-141 (ii) colorant [12, 15].

To optimise separation of non-polar phytyled chlorophyll derivatives and
decrease total time analysis and improve peak shape, a ramp increasing the flow rate
up to 1 mL/min was incorporated and column temperature was set at 45 °C to
reduce backpressure. In addition, a 15% of isopropanol (iPrOH) was added to the
organic mobile phase (MeOH/iPrOH/MeCN) to increase its eluotropic strength
and also reduce time analysis. Different ratios of organic solvent composition were
tested, maintaining iPrOH constant at 15%. To do this, black tea which is rich in
pheophytins and other non-polar chlorophyll derivatives was used. Figure 1 shows
the chromatograms obtained at different % of MeOH (0, 10 and 35 %) in which is
observed that a complete separation could not be obtained under any of the
conditions tested. As can be seen, some analytes were more affected than others by
MeOH composition, as for example hydroxypheophytins (peaks 31, 32, 39 and 40)
which showed more retention time variation than pheophytins and pyropheophytins
(peaks 34, 35, 42, 43 and 47). This fact, can be explained by the presence of
hydroxyl group recognition in hydroxypheophytins by hydrogen-bonding donor and
acceptor mechanism. Thus, an organic phase composition of 10/15/75
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MeOH/iPrOH/ACN (v,v,v,) was chosen as optimum to perform the analysis of
chlorophyll derivatives.

47
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Figure 1. Chromatographic separations of pheophytins and other chlorophyll derivatives of a
commercial common black tea at different compositions of solvent B; A: 35/15/50, B:
10/15/65 and C: 0/15/85 of MeOH/iPrOH/MeCN (v/v/v). Measured at 400, 410, 430
and 460 nm and numbered according to Table 1 using HSS T3 column.

The final optimised gradient allowed the separation of mainly chlorophyllide,
pheophorbide, chlorophyll and pheophytin derivatives present in processed
vegetables, fruit, and teas. This study is the first to describe the separation of all
these chlorophyll derivatives by UPLC and greatly improves the previously reported
HPLC methods [11, 14, 15, 26]. This improvement is due to greater peak
efficiencies obtained by UPLC and HSS T3 column for dephytylated compounds
and chlorins. In addition the separation of main chlorophyll and pheophytin
chlorophyll derivatives was shortened to 11.2 min, being the fastest separation
reported until now.
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3.2. Identification.

Identification of many chlorophyll derivatives with the corresponding standard
was limited because these standards are not commercially available. Therefore
various tools to identify the maximum number of chlorophyll detivatives have been
applied. Some chlorophyll derivatives were prepared as described in Material and
Methods section. The published data about chromatographic behaviour on C18,
about main chlorophyll derivatives in studied matrices and UV-vis absorption
spectra (namely, the position of the absorption maxima, i.e. the Soret (S) and Q-
bands (Q) and S/Q absorbance ratios) wete used to identify. Furthermore, using the
molecular ion and fragmentation patterns of MS/MS, we also confirmed the
structures of the chlorophyll derivatives. For more polar compounds, was used ESI
in positive ionisation. In contrast, in the apolar compounds was used APCI in
positive ionisation (Tablel).

Table 1. Chromatography, UV-vis and MS parameters of chlorophyll and derivatives found in the

samples.
r.t Ionisation Amax S/Q Precursor
peak .| Chlorophyll derivatives . ion [M+H]+ | MS/MS
min (mode) (nm) ratio
(m/z)
1 | o7 Cu-chlotin ¢6 EST(+) | 409,640 | 253 | 657,626,614 -
2 | 092 Cu-chlosin p6 ESI(+) | 408,63 | 263 | 65272 600, |
3| 181 Chlorophyllide b Bt | %00 a0 628 -
4 | 278 Chlorophyllide b' ESI (+) 46%2200’ 2.90 628 -
5| 282 Cu-ochlotin ¢4 EST(+) | 408,635 | 3.26 613 -
6 | 282 Cu-isochlorin e4 ESI(+) | 408,635 | 341 569 -
4 430, 575,
7 | 3.07 Chlorophyllide a ESL) | 617 oot | 123 615 -
4 439, 5 31,
8 | 3.65 Pheophorbide b BSI(H) | oo emy | 420 607 -
- . 430, 575,
9 | 41 Chlotophyllide a ESLCH | o7 oed | 123 615 -
. 439,531,
10 4.2 Pheophorbide b ESI (+) 599, 653 4.20 607 -
11 | 498 C“'P‘“phygf ofchlorin |\ pey (4 405 3.33 567 -
. 410, 507, 533 (10,
12 | 535 Pheophorbide a ESI(+) | 538,609, | 266 593
505 (50)
665
410, 507,
13 | 5.62 | Pyrophcophotbidea | ESI(+) | 538,609, | 215 535 -
665
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Table 1. Cont.

1.t Ionisation Amax S/Q Precursor
peak . | Chlorophyll derivatives . ion [M+H]+ | MS/MS
min (mode) (nm) ratio
(m/2)
14 | 565 | Cupheophotbidea | ESI(+) 40%5‘(‘)23’ 111 654 -
410, 507,
15 | 585 Pheophorbide a' ESI(+) | 538,609, | 2.66 593 533 (10),
o 505 (50)
Cu-porphyrin of
16 | 588 IR APCI (+) : 611 -
17 6.06 | Cu-pyropheophorbidea | ESI (+) 40%5?)23’ - 596 -
18 6.12 Cu-pheophorbide a' APCI (+) - 625 -
19 | 622 Cu-porphyrin APCI (+) - 583 -
436, 529,
20 | 7.14 | Etpyropheophorbide b | APCI (+) | 560, 600, - 576 -
658
410, 507,
21 7.76 | Et-pyropheophorbidea | APCI (+) | 538, 608, - 562 -
665
Cu-Et- . 400, 425,
22 8.04 pyropheophorbide a APCI () 651 ) 623 )
. 464, 599,
23 | 874 | 1320H-Chlorophyllb | APCI (+) i 2.58 924 -
0C
24 | 878 | 1320H-Chlorophyllb' | APCI (+) 462’45;) % | 258 924 -
Y 464, 599, 629 (30),
25 | 894 Chlorophyll b APCI (+) e 2.86 908 569 (400
426, 524,
1510H-Lactone- . 4% 639 (30),
26 9.01 pheophytin b APCI (+) 56(()),56300, 6.80 918 552 (40)
. \ . 464, 599, 629 (30),
27 | 9.15 Chlorophyll b APCI (+) o 2.86 908 569 (40)
28 | 921 | 13OH-Chlorophylla | APCI(+) | 2% | 258 910
29 9.31 1320OH-Chlorophyll a' APCI (+) 462&5899, 2.58 910
) . 431, 617, 555 (40),
30 | 9.39 Chlorophyll a APCI (+) o 1.29 894 515 G0
. . 434, 524, 605 (30),
31 9.5 1320OH-Pheophytin b APCI (+) 560, 598, 5.29 902
’ st 623 (20)
434, 524, 605 G30)
32 9.55 1320H-Pheophytin b' APCI (+) 560, 598, 5.29 902 ’
623 (20)
654
. 431, 617, 555 (40),
33 9.6 Chlorophyll a APCI (+) 063 1.29 894 615 (30)
4306, 522
. » 254 607 (40),
34 | 9.67 Pheophytin b APCI (4) | 560,596, | 556 886 547 000

653
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Table 1. Cont.

1.t Ionisation Amax S/Q Precursor
peak . | Chlorophyll derivatives . ion [M+H]+ | MS/MS
min (mode) (nm) ratio
(m/2)
4306, 522,
35 | 98 Pheophytin b' APCIL(+) | 560,59, | 5.56 886 607 (40),
P 547 (20)
36 | 9.81 Cu-pheophytin b APCI (+) | 442,643 | 2.67 899 -
15'OH-Lactone- 400, 500, 625 (30),
37| 982 pheophytin a APCL(H) | 530 568 | 308 04 538 (40)
38 9.92 Cu-pheophytin b' APCI (+) 442, 643 2.67 899 -
408, 504, 593 (30)
39 10.02 1320OH-Pheophytin a APCI (+) 532, 608, 2.62 888 ’
P 610 (30)
408, 504, 593 (30)
40 | 1013 | 1320H-Pheophytina' | APCI (+) | 532,608, | 2.62 888 ’
P 610 (30)
q
A . 436,529, 550 (30),
41 1027 |  Pyropheophytin b APCI (+) | 560,600, | 523 828
P 522 (40)
409, 506,
42 10.28 Pheophytin a APCI (+) 536, 608, 3.00 872 593 (40),
P 533 (40)
409, 506, .
43 10.47 Pheophytin a' APCI (+) 536, 608, 3.00 872 593 (40),
’ P 533 (40)
44 | 106 | Cupyropheophytinb | APCI(+) | 443,643 | 2.14 889 -
45 10.73 Cu-pheophytin a APCI (+) 40%;523’ 1.02 932 -
46 | 1101 |  Cu-pheophytina® | APCI (+) 40%5‘(‘)23’ 1.02 932 -
410, 507,
47 | 1122 |  Pyropheophytina APCI (+) | 538,608, | 2.87 814 535 (40)
665
48 | 1221 | Cu-pyropheophytina | APCI (+) 40%;25’ 1.08 875 -
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Figure 2. (A) “Kenya” Black tea; (B) commercial green pepper jam; and (C) chlorophyllin sodium
copper salt commercial grade. All samples were analyzed at 400, 410, 430 and 460 nm.
Compounds numbered according to Table 1.

Several publications have noticed four chromatographic clusters of peaks on
columns with C18 stationary phases, corresponding to chlorophyllides,
pheophorbides, chlorophylls and pheophytins, in increased retention order. Each
cluster includes the peak of the main pigment (chlorophyll / chlorophyllide /
pheophytin / pheophorbide, either a or b), the peak of its epimer forms and the
peak of the pyro forms. Figure. 2 (A and B) shows the identification of several
chlorophyll and their derivatives in a Kenya Black tea and green pepper jam using
the criteria mentioned above. Peaks 25, 30 and 12 were conclusively identified as
chlorophyll b, chlorophyll a and pheophorbide a respectively, by compatison with
commercial standard. Peaks 3, 7, 8, 34, 42, 41 and 47 were assigned as
chlorophyllide b and a, pheophorbide b, pheophytin b and a, and pyropheophytin b
and a, respectively; according to retention behaviour, absorption spectra and
confirmed with standard solution from spinach extract degraded (Material and
Methods section). In addition, mass spectrometry confirmed chlorophyll species
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phytylated through [M+H]* and their product ions, using APCI (+) ionisation. Into
the chlorophyll species dephytylated pheophorbides were confirmed through
[M+H]* ions and chlorophyllides were confirmed through [M]* and their product
ions, using ESI (+) ionisation [22]. The corresponding epimers of the main
chlorophyll derivatives, 2’ from a and b’ from b, have identical MS/MS
fragmentation patterns. However, the epimers a’ and b’ applying the same energy
collision show a mass spectrum where the abundance of dephytylated ion gives
greater relative abundance against ion from loss of 60 m/z (HCOO+CHzs) than a
and b epimers, as is related in earlier publications [27]. This can be noted in the
different collision energy established to precursor ions in the performance of MRM
method (Table 1). The 1320OH-chlorophylls and 13?OH-pheophytins were identified
with [M+H]* and their product ions which presented a characteristic loss of 17 amu
[M+H-OH]*. 15'OH-Lactone-pheophytin a (peak 37) and b (peak 26), were also
identified through his characteristic UV-vis spectra maximums at 400 and 426 nm
and 668 and 653 nm, respectively, and confirmed through their pseudomolecular
ions. In addition is described for first time the 15'OH-Lactone-pheophytin
fragments, Figure 3. 15'OH-Lactone-pheophytin a shows the corresponding
fragmentation pattern that leads to the loss of hydroxyl [M+H-OH]* at m/z 886,
the loss of phytyl chain [M+H-CyHss]+ at m/z 625 and loss of phytyl and ester
chain [M+H-CH3COO-phytyl] at 537 m/z. Moreover the ions at m/z 580 and
538.3 were the selective fragments useful to identify this chlorophyll derivative.

625.2

538.3

904.1
580.5
565.7

607.7
959.7 88586

| .

rees
40 420 440 460 480 00 50 0 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900

Figure 3. MS/MS daughter ions of 15'OH-Lactone-pheophytin.

To identify E-141 copper chlorophylls and chlorophyllins were used

combination of UV-vis spectroscopy and mass spectrometry. E-141 (i) colorant is a
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mixture of copper derivatives soluble in oil, mainly copper pheophytin a and
pyropheophytin a as it has been described in other publications |28, 29]. The copper
ion incorporation in a chlorophyll derivative induces a bathochromic displacement
of the Soret band (between 3 and 15 nm depending the pigment) and a
hypsochromic displacement of Q band (between 12 and 30 nm depending the
pigment). The copper ion in a chlorophyll derivatives also alters its polarity,
increasing his retention time in the chromatographic column respect their analogue,
for example, retention time of Cu-pheophytin a was increased in 0.45 min from
pheophytin a (10.28 min). Identification was also assisted by mass spectrometry,
because coppered compounds show a distinctive isotopic splitting due to copper
and carbon isotopes [17]. However, the fragmentation patterns from molecular ion
were very similar than described for their uncoppered analogues. In the studied
samples were tentatively identified Cu-pheophytin a and b (peaks 45 and 34),Cu-
pyropheophytin a and b (peaks 48 and 44), Cu-pheophorbide a (peak 14), Cu-
pyropheophorbide a (peak 17) and Cu-Et-pyrophophorbide (peak 22).

The colorant sodium copper chlorophyllin (E-141 (ii)) is a commercial food
additive grade composed of a mixture of compounds soluble in water derived from
natural chlorophyll by saponification and copper insertion, their chromatographic
profile is showed in Figure 4. The profiles of peaks in sodium copper chlorophyllin
standard and in samples to which it has been added as additive were similar. This
profiles exhibited spectroscopic characteristics typical of derivatives with Cu-chlorin
type structures which have been previously reported in the literature [1, 17, 18, 30].
Mass spectroscopic data was gathered using APCI and ESI in positive mode, and in
general were obtained better signals in ESI for the more polar compounds of the
chlorin mixture (Tablel). Copper isochlorin e4 (peak 6) was the main compound,
their presence was supported considering that the maximum of the UV-vis
spectrum at 408 nm and 635 nm with a shoulder at 400 nm, in addittion it was
confirmed by molecular ion at 613 m/z. Other minor chlorin type compounds such
as copper chlorin e4 (peak 5), chlorin e6 (peak 1), chlorin p6 (peak 2) were also
identified based on spectroscopic data and chromatographic behaviour. Phorphyrins
were casily identified by their absorption spectra, and lack the intense of Q-band
maximum at around 630 nm. Cu-porphyrin of chlorin e4, Cu-porphyrin of
isochlorin e4, and Cu phorphyrin were confirmed by mass spectrometry through
their molecular ion which is two units low than their chlorin analogue due to
oxidation of the chlorins to porphyrins.
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3.3. Application of method developed.

The method developed was applied to analyse samples that have been suffered
intense transformation during its manufacturing. Thereby, we selected various tea
types to assess the capacity of the analytical method to distinguish between them
and their level of processing. In our study we decided to quantitate chlorophylls and
their coloured derivatives over different types and varieties of teas: In addition we
attempted a comparison of chlorophyll derivatives between supermarket own-brand
tea bags and offered teas by specialised shops so-called luxury rivals, which a prior:
offers high quality and treat of product with respect and meticulousness along all the
commercial chain. Other difference in “luxury” teas is the control and specificity of
the variety, while commercial common teas generally exhibit mixtures without
specifying their varieties. Several publications have described the profile of
chlorophyll derivatives in tea [11, 31, 32], but an accurate description of the amount
of chlorophyll and their derivatives to be used as quality indicator has not been

PR

achieved so far. Focusing on chlorophyll content, it was higher in “luxury” teas than
their supermarket own-brand counterparts. However, in green and white types the
differences were higher than found in black teas. In Pur-eh tea were not found
chlorophyll compounds, this fact may relate to the process of degradation of
chlorophylls during the process of double fermentation carried out in the
manufacturing process of these teas. The highest content of chlorophyll was showed
by Matcha vatiety with 3579.3 + 64.9 ng/g, distributed between chlorophyll a and b
1248.8 £ 26.4 and 1310.2 £ 17.7 pg/g, respectively, these data ate agree with the
fact that keeping the characteristic green color of this powdered green tea. Matcha is
followed even distantly by Silver needle, Sencha and Kenya varieties with values
around 1600 pg/g. Among the supermarket own-brand black tea showed values of
chlorophyll of 1310.0 £ 31.2 pug/g, while white and green types showed much lower
values of 885.7 = 299.9 and 349.0 £ 24.4 pg/g, respectively.

The conversion rate of chlorophyll to chlorophyll derivatives such as pheophytin
and pheophorbide is a very useful indicator of degree of discoloration and the
quality tea. Figure 4 shows the different chromatographic profile in pheophytin and
chlorophyll zone of two luxury green teas Sencha and Matcha and a commercial
common green tea. In terms of relationship between chlorophyll derivatives and
chlorophylls, supermarket own-brand teas showed higher wvalues than their
counterparts from specialty stores. This fact may be related to several factors
followed by these speciality stores such as: modern blending and packaging system
to ensure the freshness and quality of product at every step of the supply chain or
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ensuring the necessary cool and dry environment during storage. However,
pheophytins and pheophorbides as the degradation intermediates are also important
to observe the degree of degradation of teas before total deterioration of chlorophyll
and chlorophyll derivatives.

N
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Figure 4. Chlorophyll and chlorophyll derivatives profile over the range 8.00—12.5 min at 400, 410, 430 and
460 nm for Matcha (A), Sencha (B) and commercial common (C) black teas. Numbered according
Table 1.

We can see how all types and varieties of teas contain these compounds as well
as in all the amount of a compound form is higher than b compound form due to
his major instability (Table 2) [32]. Sencha exhibited the higher values of
pheophorbide and pheophytin, with 3226.8 + 320.2 and 353.3 £ 43.7 pug/g of
pheophytin a and b, and with 12554 + 123.7 and 225.8 * 353 pug/g of
pheophorbide a and b. High quantities of pheophytin a were also found in Matcha
25243 £ 40.97 pg/g, but were not found pheophorbides. In black teas and
commercial common white and green teas also exhibited high quantities of
pheophorbides and pheophytins, however Silver Needle presented the lowest values
500.8 + 46.0 pg/g. On the other hand in Pur-ch tea the values were high but in this
case the values between a and b forms were more similar in pheophytin, problably
due to their high degradation in pheophorbides, in these case a form was higher
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than b. In content of pyropheophytin a, Pur-ech was also the tea with the highest
content both in the commercial common tea, 246.7 £ 27.5 pg/g, as its luxury
counterpatt, 326.8 + 26.3 ug/g. Agreeing as desctribed in previous publications, it
appears that the process of pan-firing carried out in these teas degrades the

chlorophylls much more that no-oxidation processes which that are specific to those
of the black tea [11, 33].
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Table 2. Chlorophyll detivative content (Lg/g) of various types of tea.

. White tea .
. Commercial nas Commercial Green tea Green tea
Chlorophyll derivative . Silver " " " "
white tea " green tea Sencha Matcha
needle
Chlorophyllide b 123.1 + 15.7
Chlorophyllide b' 95+9.1 129.1 £ 133
. 135.1 £
Chlorophyllide a 76.6 £ 2.1 3.7 1353+ 13
Chlorophyllide a' 86.8 £ 6.2
Pheophorbide b 1685+ 105 | 724+ 7.3 90.1 £6.8 225.8 £35.3
Pheophorbide b' 53.6%1 53.6 £ 0.9 52+ 1.8
. 3127 ¢ 1255.4 £
+ 9+
Pheophorbide a 563 =40 40.7 219 +26.2 1237
Pheophorbide a' 1189 £ 7 72.9 £ 4.7 68.7%25 167.7 £ 16.3
1320OH-Chlorophyll b 814+£129 | 41.8%£33 61.8 £6.7 150 + 12.7 2263 £83
6324 £ 1310.2 £
; + + +
Chlorophyll b 448.6 £ 236.4 827 159.5 + 11 7582 £ 781 177
o - -
1510H La“"se pheophytin | =51 4 154 709+ 81 | 415+ 41
Chlorophyll b' 54.7£59 725 %81 553+ 4.1 227.4%263 | 409.7 6.6
1320OH-Chlorophyll a 110.6 + 4.8
931.4 £ 1248.8 £
; + + +
Chlorophyll a 301 £ 44.7 91.2 724 %26 415.8 £ 37 26.4
1320OH-Pheophytin b 118 £ 6.9 166.9 + 11.1 77.5%10.5 97.8+6.3
1320OH-Pheophytin b' 93.8£6.8 36.1%+23 | 140.6 £5.6 77.5+10.1 159.3 £ 2
Chlorophyll a' 90.4 = 4.9 273.8 1.2
Pheophytin b 321.4£199 | 61.1£0.8 | 3682=*18 353.3£43.7 | 109.3 4.4
Pheophytin b' 101.2+ 3.4 106.5 £ 10.7 89.5+£7.2
1OH- , It
151OH La““’;‘e Pheophytin | 4445+ 105 | 68.6+63 | 2225423 | 1568%218 | 190%37
. 835 =%
1320H-Pheophytin a 295.7+23.8 13.2 470.5 £27.2 318.4 £ 45 407.6 £7
1320H-Pheophytin a' 2304+ 16.1 | 68.4+27 | 3909 £23.6 | 2704 +37.1 | 3669 £7.7
. 1866.9 3226.8 £
: + + +
Pheophytin a 1597.8 £ 56.1 | 500.8 £ 46 1217 320.2 25243 £ 41
. 130.7 £
Pheophytin a 289.7 + 34 71 339.9 £15.7 573 £ 441 | 4903 +12.7
Pyropheophytin a 2359 %376 | 728+ 63 | 17741 9.6 163.4 £ 17 | 241.9£10.8
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Table 2. Cont.

Chlorophyll derivative Cﬁinmetcial l'?:lack te'a;t Comme't'cial "Pu- "Pu-erh"
ack tea Kenya erh" Tea Tea
Chlorophyllide b 70.5+ 2.4 92.6%9.8
Chlorophyllide b' 853133 104.8 + 6.3
Chlorophyllide a 81212 136.4 £ 8.1
Chlorophyllide a'
Pheophotbide b 1939 + 5.6 140.4 + 11.3 224+ 1.6 321.3£274
Pheophorbide b' 1055+ 7.1 219.1£1.8
Pheophotbide a 1016.5 + 33.8 631.8 £52.2 511.6 £ 4.7 881.9 £ 47.9
Pheophorbide a' 1493+ 23 98.8£93 114.6 + 6.4 2948 £53
1320OH-Chlorophyll b
Chlorophyll b 705.2 £ 15.6 796.5 = 51.4 50.6 £ 0.3
15'OH-Lactone-pheophytin b 431*34 1144 £ 11.5
Chlorophyll b’ 633+1 59.1£27 30.7 £ 2.1
1320OH-Chlorophyll a
Chlorophyll a 541.5 £ 14.6 788.4 £ 51.3
1320H-Pheophytin b 62£27 525%3.6 76.3 £10.3 149.4 + 14.6
1320H-Pheophytin b' 52.6 £ 3.4 52.5%3.6 63.71£93 1254 £ 11.1
Chlorophyll a'
Pheophytin b 2371154 1124 £ 7.1 248.6 £ 15.5 2221 +18
Pheophytin b' 584+ 1.9 684+ 7.1 60 £5.7
15'OH-Lactone-pheophytin a 85.3 £ 0.9 103.2+ 1.9
1320OH-Pheophytin a 169.8 + 8.2 1925+ 7.1 121.4 + 16.2 251.8 £ 25.2
1320H-Pheophytin a' 130.8 + 2.4 166.6 + 6.8 100.6 + 17.1 214.9 + 245
Pheophytin a 1184.9 £ 9.9 758.4 £ 58.7 587.2 £ 10.7 587.6 £ 56
Pheophytin a' 176.5 + 6.8 136.4 + 11.2 98.1 £ 0.6 95.9 £ 9.6
Pyropheophytin a 1242 + 8.7 98.3 £10.9 246.7 £ 27.5 326.8 £26.3
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For the identification of derivatives of chlorophyll derivatives in tea it had never
been used mass spectrometry, in this work we applied this tool to confirm the
presence of 1320OH- and 15'OH-lactone in chlorophyll derivatives which to date
had not described in this matrix. The identification was based on publications of
chromatography coupled to mass spectrometry which analysed similar matrix, such
as medicinal herbs and aromatic herbs [15, 34, 35]. 1320H- and 15'OH-lactone have
been described as intermediary products in thermal degradation mechanism that
affect the porphyrin ring, producing coloutless compounds in oils [36]. In general
they content and ratio a/b were according to profile of pheophytins, however the
132OH-pheophytins and chlorophylls were epimerised in ratio 1:1 between a and a’.
In the case of 15!OH-lactone only one peak was found. Finally chlorophyllide a and
b were found in some teas, it is important because they are green pigments water
soluble, so the infusion are those that give green colour. Finally, we can conclude
that the method developed allows us to characterise the different varieties of tea and
asses how it processing affects their chlorophyll derivatives profile. Likewise also it
allows us the degree of degradation and the large number of compounds formed
from the degradation of chlorophylls in tea processing thanks to the excellent
sensitivity of the methodology.

The developed methodology has also been applied in other samples obtained
from green vegetables, such as purees, jams, juices and other vegetable products
(Table 3 and 4). These samples are characterised by a higher processing using
various temperature stages such as blanching, canning and retorting. Contrary to
happened in any of the tea samples it was detected chlorophylls or chlorophyllides.
This can be in accordance with publications describing an almost complete
conversion of chlorophyll to pheophytinized derivatives during prolonged heat
treatments [6, 37]. In terms of total chlorophyll derivatives green pepper jam was the
one that showed the highest amounts, with values of 5018.0 + 498.9 pg/100g,
followed by the puree mixture of green vegetables and green asparagus pate with
values of 4430.7 £ 380.6 and 4295.8 £ 115.4 pg/100g, respectively. Leek and
zucchini purees contents wete close to 3700 ng/100g, while kiwi jams showed an
average content of 2100 pg/100g. The other jams chlorophyll detivatives contents
ranged between 450 and 1400 pug/100g depending on the product, being the lowest
for the one melon jam with 460.6 = 10.0 ug/100g.
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Table 4. Chlorophyll detivatives content (ug/g fresh matter) in processed products from green

vegetables.
Chlorophyll derivatives Prune jam Tomato jam Melon jam I | Melon jam II
Cu-chlorin p6 75.1%£93
Cu-chlorin e4
Cu-isochlorin e4 2813.1 £28.2
Pheophorbide a 2319+ 3.0 324%1.2
Pyropheophorbide a 782%0.8 128 £ 0.5
Cu-pheophorbide a 264+ 1.5
Pheophorbide a' 61904 10.8 £ 0.9
Cu-porphyrin of isochlorin e4
Cu-pyropheophorbide a 322%0.6 10.5 £ 0.6
Cu-pheophorbide '
Cu-porphyrin
Et-pyropheophorbide b
Et-pyropheophorbide a
Cu-Et-pyropheophorbide a
Pheophytin b 637.2£5.1 1240 £ 2.7 151.3 £ 0.7
Pheophytin b' 3909 £ 1.5 88.3£0.7 64.15+ 0.3
Cu-pheophytin b 1205+ 1.6 58.4 1.7
Cu-pheophytin b' 995+ 1.2 472102
Pyropheophytin b
Pheophytin a 328.6 £ 127 107.5+£ 1.7 275.7£0.7
Pheophytin a' 129.6 £ 0.8 87.3£0.7 86.2£0.2
Cu-pyropheophytin b 1446+ 1.3 66.1+1.1
Cu-pheophytin a 2314+ 8.0 70.0 £3.2
Cu-pheophytin a' 123.8 £ 2.6 52.6 £ 1.3
Pyropheophytin a 100.9 £ 1.6 53.8£0.8
Cu-pyropheophytin a 208.7 £ 4.9 67.6 £2.1
Total chlorophyll detivatives 2041.9 £ 25.7 1394.2 £ 27.5 460.6 + 10.0 687.13£5.3
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Table 4. Cont..

Chlorophyll derivatives Kiwi jam | Kiwi jam Il Kiwi juice Pistachio liqueur
Cu-chlorin p6 263.1+30.5
Cu-chlorin e4 82.2+0.2
Cu-isochlorin e4 751.2£28.2
Pheophorbide a 54.8+3.0 425.1+£30.3 16.0+0.3
Pyropheophorbide a 16.0+£0.3
Cu-pheophorbide a 48.2+5.3
Pheophorbide a' 16.1+0.5 59.0+3.3 4.1+0.3
Cu-porphyrin of isochlorin e4 107.1+£1.3
Cu-pyropheophorbide a 16.1+1.5 79+04
Cu-pheophorbide a' 29+0.2
Cu-porphyrin 92.6 £2.23
Et-pyropheophorbide b 70.9+4.3
Et-pyropheophorbide a 187.4£2.9
Cu-Et-pyropheophorbide a 83.0+£0.9
Pheophytin b 397.8+27.9 656.2 + 22.5 77624
Pheophytin b' 139.1+4.9 221.5+3.6 31.1+1.9
Cu-pheophytin b
Cu-pheophytin b’
Pyropheophytin b 86.8+0.8 21.33+0.1
Pheophytin a 584.2 + 28.8 654.5+6.4 134.3+6.6
Pheophytin a' 165.3+6.2 218.1+4.0 426+1.1
Cu-pyropheophytin b 2145+10.4
Cu-pheophytin a 126.4+25 1253+35
Cu-pheophytin 2' 98.7+0.9 108.1+45
Pyropheophytin a 166.1+ 1.4 112.1+4.2 30.3+0.5 309.15 + 20.1
Cu-pyropheophytin a 267.07 +15.7
Total chlorophyll derivatives 1812.7 £ 82.9 2433.4+744 | 1680.5+76.2 | 1365.45+62.3

The distribution of derivatives it depends on the processing, thus the generation

of pyropheophytin at been associated with the intensity of the heat treatment [38].

In this type of samples the levels of pyropheophytin were higher than found in tea

samples. In leek and zucchini purees pyropheophytin a was determined as the
predominant chlorophyll derivatives, with values of 1541.9 £ 192.6 and 1847.8 £
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58.3 ng/100g respectively, being between two and one-half upper than pheophytin a
content. Similar behavior in the ratio was exhibited for the compounds
pyropheophorbide a and pheophorbide a in the samples, however the contents of
pyropheophorbide a were lower with 39.2 £ 0.7 and 654 * 3.1 ug/100g for
zucchini and leek puree, respectively. Moreover green vegetable puree, asparagus
paté and green pepper jam showed high values of these chlorophyll derivatives,
close to 1300 pg/100g for pyropheophytin a and around 1600 pg/100g for
pheophytin a, also the pheophorbide derivatives were lower in content, but is
necessary highlight the contents of this compounds in green pepper jam with 188.9
+ 25.7 ng/100g of pheophorbide a and 91.2 £ 8.9 ug/100g of pyropheophotbide a.
On the other hand, in the case of chlorophyll b derivatives in the samples were
found Pheophytin b and b’ and pyropheophytin b, in contrast with chlorophyll a
derivatives in the b derivatives were not found pheophorbide derivatives and in any
sample the levels of pyropheophytin b were higher than pehophytin b. The highest
levels of pheophytin were showed by green pepper jam, asparagus paté and green
vegetables putee with values around 700 pg/100g. Not too far values for
pheophytin b was shown by kiwi jams, note that the levels of pheophytin a and b in
this case were similar values, as could be expected from the contents described in
chlorophylls a and b in fresh fruit [37, 39].

In only two of the samples, kiwi juice and plum jam 1 is declared among the
ingredients the use of color E-141, in both the dye is declared the (ii). Copper
chloropphyllin are water soluble and are allowed as food colorant within the EU
[40]. Processing of chlorophyll to chlorophyllin results in a mixture of a large
number of compounds and the composition differs between suppliers [17]. In the
commercial grade colorants the main constituents are Cu chlorin p6, and Cu
isochlorin e4. In the samples studied the main component was Cu isochlorin e4 and
Cu chlotin p6, with values of 7.51 £ 0.28 ug /100g in kiwi juice and 1.9 + 0.13
ug/100g in plum jam 1 for the first and 263.07 £ 30.54 and 47.6 £ 2.45for the
second . Other compounds presents in E 141 (ii) were identified and quantified in
the kiwi juice, such as Cu-porphyrin of isochlorin e4, Cu-pyropheophorbide a, Cu-
pheophorbide a' and Cu-porphyrin (Figure 5 (A)). Although not stated in the
ingredients, several of the products analysed in the study presented copper
pheophytins  typical coloring E-141 (), such as Cu-pheophytins, Cu-
pyropheophytins, Cu-pheophorbides and Cu-pyropheophorbide [18, 28]. These
compounds have been identified in three of the studied jams arising from melon,
kiwi 1 (Figure 5 (B)) and tomato. In melon jam all the compounds were copper
chlorophyll derivatives, Cu-pheophytins and pyropheophytins a and b were detected
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and their concentration ranged between 47.2 to 70.0 pug/100g. Finally it is necessary
to highlight the pistachio liqueur, the list of ingredients in this product state in the
presence of colorants E-100 curcumin and E131 patent blue V, although once
analysed also several copper chlorophyll derivatives were identified and all the
chlorophyll derivatives identified were copper derivatives.

w0z
E 34 42 B

E 12
1oz L
14 35 43
"': 41 45 47
12 4 46 48

Figure 4. (A) Commercial kiwi juice analysed at 400, 410, 430 and 460 nm; (B) commercial kiwi 1 jam
analysed at 400, 410, 430 and 460 nm. Numbered according to Table 1.

4. Conclusions.

Here, we described a UPLC-PDA-MS/MS analytical method that allows the
simultaneous determination of chlorophyll a and b and 46 of its derivatives.
Separation of chlorophylls and their derivatives was achieved using a ternary
gradient in UPLC (MeOH, iPrOH,MeCN and H>O 10 mM of ammonium acetate)
in less than 12 min. The method allowed the proper separation of the chlorophyll
derivatives obtained from demetalitation, dephytilation, decarbomethoxylation
epimerisation and coppetisation for the first time in a UPLC system. This 48
compounds were tentatively identified in teas and processed green vegetable and
fruit peach foodstuffs based on chromatographic retention time, UV—vis absorption
spectra and MS/MS.

The developed method allowed us to observe the different grade of processing
between commercial common teas against luxury teas, since the content of
chlorophylls and their derivatives was higher in the teas from specialty shops. In
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addition, an approach to differentiate among varieties of tea such as, Matcha,

Sencha, Silver Needle, Kenya and Pur-Eh showed encouraging results. The method

was also applied to study the chromatographic profile in processed fruit and

vegetable products, in these samples were determined mainly pehophytin,

pheophorbides and pyro derivatives thereof. However, in several products were also

detected chlorophyll derivatives food colourants such as: Cu-chlorophyllins, Cu-

pheophytins, Cu-pyropheophytins, Cu-pheophorbides and Cu-pyropheophorbides.
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3.2. Characterisation of primary and secondary metabolites in
processed fibres from juice industry
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Recognizing the interest of the fruit industry in the characterisation of its
commercial products, nine fibres obtained from juice industry by-products were
selected. This chapter is focused on the characterisation and quantification of
primary metabolites (sugars, organic acids, amino acids and fatty acids) and other
secondary metabolites such as phenolic compounds, phytosterols, triterpenes, fatty
alcohols, alkanes and carotenoids in these fibres. Until today, the characterisation of
compounds in by-products has been performed over unprocessed materials or
materials processed at laboratory scale [1, 2]. Here commercial by-products have
been used. The nine selected fibres were apple, peach, pear, orange peel and flesh,

tangerine peel and flesh, lemon flesh and carrot.

First, the phenolic compounds contained in these fibres were characterised and a
comparison of its content and profile in lyophilised peel and in pulp from fresh fruit
was established. There is extensive literature describing the effect of processing on
polyphenols, but in most cases only addressed to the analysis of total polyphenols
[3]. In this study we included an exhaustive analysis of different phenolic
compounds and families present in the fruits from which the fibres were obtained
to assess if any selective degradation of carotenoids occurred during processing as it
has been described that each family of compounds may degrade differently during
industrial processing. To analyse the individual phenolic compounds, reversed-phase
high-performance liquid chromatography (HPLC) is commonly used to analyse the
different groups of phenols. In this study an UPLC-PDA-FLR-MS/MS system was
applied to quantify and identify the main extractable phenolic compounds in the
studied fibre. At the same time, an optimised extraction with different solvent
mixtures was applied to ensure the maximum recovery of phenolic family
compounds [4]. The families found in the different fibres included hydroquinones,
hydroxycinnamates, flavan-3-ols, flavonols, dihydrochalcones, flavones and

flavanones.

Phenolic compounds such as proanthocyanidins, hydrolysable tannins, and
phenolic acids, have been classified as bound or non-extractable. Few studies have
addressed bound phenolic compounds in fruit and vegetables and their by-products
[5]. We have compared the bound phenolic compounds present in the fibres taking
into account those from the lyophilised fresh fruits. The objective was to know if
fibre processing has any effect on them and if that effect is different to what is
observed with the extractable phenolic compounds.
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Another part of this study aimed to achieve a complete characterisation of the
main metabolites of the fibres. Metabolite profile and content of the fibres obtained
from juice industry by-products was compared with data reported in previous
literature for the corresponding fresh fruit. In this study, primary metabolites such
as sugars, sugar alcohols, amino acids, organic acids and fatty acids were included.
Although the literature reports that during processing for juice production no
degradation of these compounds occurs [6], they were included because steps such
as wet milling and drying could affect the content of low chain organic acids, amino
acids and sugars due to their high solubility in water. To analyse these compounds, a
GC-MS methodology was applied after a previous derivatisation procedure [7].

On the other hand secondary metabolites such as phytosterols, triterpenes, fatty
alcohols, alkanes and carotenoids were also analysed. Although these are present in
much lower concentrations than the above mentioned metabolites, they have drawn
a growing interest in recent years. Some studies demonstrate that these compounds
have singular effects, suggesting that they may have an even greater role for human
health than the already positive results seen to date [8, 9]. Then, the characterisation
of these compounds in fibres becomes particularly important as these fibres could
be converted into a product with added value. To analyse these compounds GC-MS
methodology with previous derivatisation and UPLC-PDA-FLR-MS/MS  was
applied.

The results of these studies have been published on Food Chemistry 172 (2015)
575-584 and submitted to Food Composition and Analysis.
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ABSTRACT

The content of phenolic compounds was determined in nine industrially processed
fibres derived from the juice industry. Apple, peach, and pear as non-citrus fruit fibres
were examined, as well as orange peel and flesh, tangerine peel and flesh, and lemon
flesh as citrus fruit fibres, and carrot as vegetable fibre. The extractable phenolic
profile of all fibres was obtained by UPLC-PDA-FLR-MS/MS. Forty phenolic
compounds were identified and their concentrations determined. In addition, bound
phenolic acids and proanthocyanidins were measured in solid residues in order to
determine the phenolic compounds remaining. Also, to allow the comparison of the
profiles and contents in the fresh fruit and fibres, we analysed extractable and bound
phenolic compounds in lyophilised peel and pulp from fresh fruit. The profile and
phenolic content of the fibres was similar to that of the fresh fruit, except for flavan-
3-ols, which registered lower values.
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1. Introduction.

The recovery, recycling, and upgrading of waste material is particularly relevant in
the food and food processing industry, in which wastes, effluents, residues, and by-
products can be recovered and often upgraded to useful higher value products [1]. In
this regard, a growing awareness of the relationship between diet and health has led
to changes in dietary habits, these accompanied by an increasing demand for healthier
foods. In particular, the health attributes of by-products obtained from fruit and
vegetable processing are exploited in the food production industry. Ingredients of
added value holding anti-oxidant compounds can be developed from by-products
generated by the juice industry. One of the most relevant properties of fruit fibres is
their bioactive compound content, such as anti-oxidants [2]. In this context, some
studies have reported the physical, chemical, and functional properties of fruit and
vegetable by-products, highlighting their anti-oxidant potential [3, 4].

Bioactive compounds, such as phenolic compounds, have beneficial effects in
degenerative diseases and exhibit protective effects against cardiovascular diseases and
cancer. Such compounds are present in the human diet, mainly through the ingestion
of fruit and vegetables. Total phenolic content of several dried and fresh fruit and
vegetable by-products has been described [5, 6]. Freeze-dried and dried apple by-
products [7] has already been described, also the profile of these anti-oxidants has also
been studied in freeze-dried and air-dried apple pomace [8], [9]. However, little
attention has been devoted to the potential of pear and peach by-products as sources
of phenolic compounds. In this regard, only the total phenolic content in these
matrices has been described |7, 10]. In citrus fruits, total phenolic content in dried
orange by-products has been described by Crizel [11] and in somewhat more detail by
Fernandez-Lépez [12]. Flavanones, hesperidin, and eriocitrin in waste from the
industrial processing of lemons have been determined by Coll [13]. Furthermore, the
total phenolic content has been reported in carrot by-products [14].

The analysis of phenolic compounds usually involves a solvent extraction step
using a combination of aqueous and organic solvents. Solvent extraction can be
assisted by extraction techniques such as microwave or ultrasounds [8, 15]. After
extraction, in most articles the total phenolic content in by-products is commonly
determined using the Folin—Ciocalteu reagent. However, this reagent interacts with
other reducing non-phenolic substances (e.g. vitamin C), thus leading to an
overestimation of the total phenolic content present [16]. To analyse the individual
phenolic compounds reversed-phase high-performance liquid chromatography
(HPLC) is commonly used to analyse the different groups of phenols. In recent times,
ultra performance liquid chromatography (UPLC) has been applied to improve the
analysis of phenolic compounds in various matrices [17]. The solid residues from
solvent extraction are generally considered exhausted material with regard to phenolic
compounds. However, significant amounts of these anti-oxidants remain in the solid
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residue from fruit and vegetables [18, 19]. Phenolic compounds such as
proanthocyanidins, hydrolysable tannins, and phenolic acids, have been classified as
bound or non-extractable. Few studies have addressed bound phenolic compounds
in fruit and vegetable by-products, with only one paper describing the non-extractable
proanthocyanidins in freeze-dried apple waste [20].

To date, the characterisation of phenolic compounds in by-products has been
performed on unprocessed materials or materials with processes optimised at
laboratory scale. However, after the processing undergone during the industrial
production of juice or related products, the fruit and vegetable by-products are
subjected to several steps to obtain commercial fibres. In addition, in order to
minimise damage to bioactive substances, all these processes have to be optimised, in
particular the drying temperature [7].

Here we report on the content of extractable and bound phenolic compounds in
nine industrially processed fibres. The fibres were obtained from various parts of
several fruits and also from carrot. All fibres were obtained from processed industrial
raw materials obtained from an actual line of juice processing. Additionally, we
analysed the phenolic content of lyophilised peel and pulp from fresh fruit. The
content in fresh fruit and industrial fibres was compared. Finally, we examined the
heterogeneity of phenolic compound content in various production batches of five
industrially produced fibres. These values might be conditioned by factors such as the
cultivar or variety, climate, stage of maturity, storage, and processing [7].

2. Material and methods.
2.1 Reagents, solvents and phenolic standards.

Methanol and acetone (HPLC grade purity) were supplied by J.T. Baker (Deventer,
The Netherlands). The chromatographic solvents were acetonitrile (LC-MS grade),
also from ].T. Baker, and water was purified in a Milli-Q system from Millipore
(Bedford, MA, USA). The chromatographic eluent additive was acetic acid (HAc)
(LC-MS grade), provided by Fluka (Sigma-Aldrich, Madrid, Spain), formic acid
(HFor) and hydrochloric acid 37% (analytical grade), supplied by Merck. Sodium
chloride was obtained from Fluka, sodium hydroxide from Panreac (Barcelona, Spain)
and ascorbic acid from Acros (Pittsburgh, PA,USA).

Standards of phenolic compounds were supplied as follows: (+)-catechin, (—)-
epicatechin, procyanidin B1, procyanidin B2, arbutin, eriodictyol-7-O-rutinoside,
naringenin-7-O-rutinoside, naringenin, hesperetin-7-O-rutinoside, quercetin-3-O-
galactoside, quercetin-3-O-glucoside, ~quercetin-3-O-rhamnoside, quercetin-3-O-
rutinoside, kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside by
Extrasynthése (Genay, France); and arbutin, gallic acid, phloretin-2'-O-3-glucoside, 5'-
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caffeoylquinic acid, caffeic acid, p-coumaric acid, ferulic acid and sinapic acid by
Sigma—Aldrich Chemie (Steinheim, Germany). All stock standard solutions of
phenolic compounds were prepared in MeOH and stored at 80 °C. Working solutions
were prepared from stock solutions by sampling an aliquot and diluting it with the
injection solvent H>O (0.1 % HAc).

2.2. Samples.

A local juice company (Indulleida S.A., Alguaire (Lleida), Spain) provided the fibre
samples from the following: apple (6), pear (5), peach (5), carrot (1), orange flesh (6),
orange peel (1), tangerine flesh (1), tangerine peel (1), and lemon flesh (5). A picture
of fibres and scheme of the production process is shown in Supplementary data.

We purchased approximately 1 kg of randomly chosen “Golden” apples,
“Blanquilla pear, “Amarillo de septiembre” peaches, carrots, “Navelina” oranges,
tangerines, and lemons, from a local market. After distilled water washing, the peel of
all the fruits was immediately separated from the pulp. The pulp from each kind of
fruit was homogenised in a blender (Grindomix GM 200; Retsch, Haan, Germany) at
5000 rpm for 2 min and ascotbic acid (ca. 10 g/kg) was added to prevent oxidation.
The peel was dipped in liquid nitrogen and ground into a fine powder using a pre-
chilled mortar and pestle. Next, the peel and pulp were immediately frozen at —80 °C
and lyophilised at —50 °C, 1.1 Pa for 24 h in a Cryodos-50 lyophiliser (Telstar, Terrassa,
Spain). Finally, the lyophilised samples were powdered and stored at —20 ° C until
analysis.

2.3 Extraction methods.
Exctractable phenolic compounds.

Samples (0.25 g) were first extracted with 5 mL of methanol/water (50:50)
(acidified at 0.1%, v/v with acetic acid) and then twice with 5 mL of acetone:water
(70:30) in a ultrasonic bath for 30 min. Extracted solutions were pooled, diluted 1:4
with Milli-Q water (acidified at 0.1%, v/v with acetic acid), and filtered through 0.20
um PTFE filters. Solutions were kept at 6°C until UPLC analysis. All solvents
contained ascorbic acid (0.2 % w/v).

Bound phenolic componnds:

Basic hydrolysis of bound phenolic acids: The lyophilised solid material obtained
from the previous extractions was hydrolysed directly following a method previously
described but with some modifications [21]. Part of the remaining material (50 mg)
was mixed with 1.5 mL of 2 M NaOH containing 10 mM EDTA and 1% ascorbic
acid and then shaken (Eppendorf© Thermomixer Comfort, Hamburg, Germany) for
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30 min at 45°C. The reaction mixture was acidified (c.a. pH 3) by adding 0.285 mL of
7.2 M HCI and centrifuged at 1400xg for 5 min (Hettich Eppendorf Centrifuge
MIKRO 22 R; Germany).

Acidic hydrolysis of bound proanthocyanidins: For the determination of bound
flavan-3-ols, approximately 10 mg of the lyophilised solid residue was incubated with
5 mL of #-butanol/HCI (95:5) and 200 pL. of Ferric reagent (2% ferric ammonium
sulfate in 2 M HCI) for 60 min [22]. After cooling the solution in ice water and
centrifugation, absorbance was measured at Amex = 550 nm. Total flavan-3-ol
concentration was determined using cyanidin chloride as reference compound.

2.4 Chromatographic analysis.
UPLC-PDA-FLRK parameters.

Ultra performance liquid chromatographic analysis was performed on a Waters
ACQUITY UPLC™ system (Waters, Milford, MA, USA) consisting of an ACQUITY
UPLC™ binary solvent manager and ACQUITY UPLC™ sample manager, coupled
to a photodiode array detector ACQUITY UPLC™ PDA and fluorescence detector
ACQUITY UPLC™ FLR. Compounds were separated with an ACQUITY UPLC™
HSS T3 column (1.8 pm; 2.1 mm x 150 mm) (Waters, Manchester, UK) using a
mobile phase consisting of solvent A, H>O (0.1% v/v HAc), and solvent B, ACN
100% (0.1% v/v HAc). The flow rate was 0.550 mL/min. The linear gradient was as
follows: 0-1.89 min, 1% B, (isocratic); 1.89-17.84 min, 30% B, (linear gradient);
17.84-21.39 min, 5% B, (linear gradient); 21.39-21.56 min, 1% B, (linear gradient);
and 21.56-25 min, 1% B, (isocratic). Weak and strong needle solvents were H>O
(0.1% v/v HAc) and MeOH, respectively. The injection volume was 20 pL in mode
full loop, and the column was kept at 45°C whilst the temperature in the sample
manager was maintained at 10°C.

HPLC-UV parameters.

High performance liquid chromatographic analysis was performed on a Waters
Alliance 2695 separations module system, coupled to a dual channel A absorbance
(320, 280 nm) detector. Compounds were separated with an Waters Atlantis dC18
column (5 pum; 2.1 mm x 150 mm) and using a gradient system with the mobile phase
consisting of solvent A, HO (0.1% v/v HFor) and solvent B, MeOH 100% (0.1%
v/v HAc). The flow rate was 0.500 mL/min. The linear gradient was as follows: 0—
0.5 min, 10% B, (isocratic); 1.89—17.84 min, 30% B, (linear gradient); 0.5-15 min, 30%
B, (linear gradient); 15-25 min, 60% B, (linear gradient); 25-35 min, 80% B, (linear
gradient); 35—40 min, 10% B, (linear gradient); and 40—45 min, 10% B, (isocratic). The
injection volume was 10 pL and the column was kept at 30°C, whilst the sample
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temperature was maintained at 10°C. The average maximum pressure in the
chromatographic system was 16.55 10° Pa.

UPLC-MS parameters.

MS analysis was carried out on a Waters ACQUITY TQD tandem quadrupole
mass spectrometer (Waters, UK). The instrument was operated using an electrospray
source (ESI) in positive and negative ion mode. The ESI parameters were as follows:
capillary voltages of 3.5 kV and -2.5 kV in positive and negative mode, respectively;
the source at 150 °C; desolvation temperature 500 °C; cone gas (nitrogen) flow 50L/h;
and desolvation gas flow 800L/h. Flow injections of each individual standard were
used to optimise the cone voltage and Multiple Reaction Monitoring (MRM)
parameters. Collision-induced dissociation was achieved using argon at a flow rate of
0.15 mL/min in the collision cell. MS conditions of standard compounds with same
aglycone were applied to identify compounds with non-available standards. MassLynx
4.1 software (Waters, USA) was used for data acquisition.

2.5 Identification and quantification.

Identification of phenolic compounds in fibres was based on the available
standards and other tools to identify the maximum number of peaks. The
chromatographic behaviour and UV-vis absorption spectra, together with published
data on the main phenolic compounds in the fruit and vegetables addressed were used
for identification purposes. Of note, the phenolic compound profiles of apples [23],
pears [24], peaches [25, 26], oranges [27, 28], lemons [27] and carrots[29] have been
described. Furthermore, using the molecular ion and fragmentation pathways of MS,
we also confirmed the structures of the phenolic compounds found.

To quantify, the calibration curves were constructed by plotting chromatographic
peak areas measured at the specific wavelengths of the following chemical standards:
284 nm for HMF; 320 nm for hydroxycinnamic acids; 283 nm for flavanones; 285 nm
for dihydrochalcone; and 340 nm and 350 nm for flavonols (apigenin, isorhamnetin,
kaempferol and quercetin glycosides). Fluorescence values for flavan-3-ols were
measured at 310 nm (Aex=280). For compounds for which no standards were available,
quantification was performed with a linear cutve (mmol/L) of a standard with the
same aglycone (chromophoric part) through the corresponding correction to the
molecular weight. The chromatographic areas of phenolic compounds present in
samples, measured at its specific wavelength, were used to quantify by interpolation.
Repeatability of the procedure for each sample type was determined by the analysis
of one sample in triplicate. The results are detailed in the Supplementary data.
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3. Results and discussion.
3.1 Extractable phenolic compounds.

The phenolic profile of various fruit fibres were analysed using liquid
chromatography. In this regard, we identified 40 phenolic compounds and
determined their concentrations. To obtain a suitable separation of groups of
phenolics, the main was to stress the benefit of UPLC above HPLC analysis of
phenolic compounds. The convenience of UPLC was cleatly proven in terms of
analysis speed, less than 25 minutes compared with more than 100 minutes using
HPLC with no loss of resolution [30](Figure 1). For five types of fibre sample, there
were several production batches, all of which had been subjected to the same
processing. To evaluate the phenolic profile and content of fibres from the juice
industry, we simultaneously used the same extraction method to evaluate the
lyophilised peel and flesh of representative samples of the fruits addressed. The latter
were chosen on the basis of same or similar varieties and origin to the fruit used by
the juice industry.

Phenolic compounds were identified on the basis of criteria described in Section
2.5 of Material and methods. Catfeoylquinic and p-coumaroylquinic acids were
identified in apple flesh, as this material is a recognised source of these compounds
[17]. The isomers 3, 4 and 5 of coumaroylquinic and caffeoylquinic acids were
distinguished on basis of the product ion spectra from [M-H]- and relative intensities
of their ions. The characteristic ions were 191, 173 and 163 m/z in coumaroylquinic
acid isomers and 191, 179 and 173 m/z in caffeoylquinic acid isomers [31]. The
hydroxycinnamate family was found in several fruits, both in lyophilised flesh and
peel, and in fibres. Flavan-3-ols were identified from the standards and confirmed in
the samples on the basis of their characteristic fragmentation ions. Fluorescence
response allows a more selective and sensitive quantification of compounds (Aex=280;
Aem=310 nm). Flavonoids are a widespread family of phenolic compounds, and we
had access to at least one standard of each of the major families present in the fruits
addressed. UV-Vis and mass spectra of these standards provided an effective tool to
differentiate the aglycone family and allowed us to quantify the flavonoids present.
To tentative identification of compounds for which standards were not available, we
followed the practical guidelines for the characterisation of glycosyl flavonoids by
triple quadrupole MS [30, 32, 33]. Also, studies reporting the flavonoid profiles of the
fruits addressed here were useful.
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Figure 1. UPLC-PDA chromatograms of (A) apple fibre; (B) peach fibre; and (C) orange flesh fibre.
Each chromatogram was generated by the combination of the characteristic wavelengths of
the phenolic compounds analysed (280, 320 and 350 nm). Chromatographic peaks are
numbered according to Tables 1a and 1b.

3.1.1 Phenolic compounds in fibre of non-citrus fruits and carrot.

Hydroxycinnamic acids, flavan-3-ols, and flavonols were found in the three non-
citrus fruit fibres, namely apple, pear, and peach (Tablela). Peach showed the highest
concentration of hydroxycinnamic acids (1587 pg/g vs. ~600 ng/g in apple and pear).
5-Caffeoylquinic acid (chlorogenic acid) was the main compound in this group. The
content of other two isomers of caffeoylquinic (3 and 4-caffeoylquinic acids) was
significant in peach fibres. Regarding the family of flavan-3-ols, the total content of
these compounds in peach and apple fibres was around 200 ug/g, although the
distribution differed in these two fruits. Epicatechin and procyanidin B2 were
predominantly found in apple fibres, whereas catechin and procyanidin B1 were the
main flavan-3-ols in those of peach. These profiles are consistent with that described
in fresh fruit |23, 26]. Apple, especially apple peel, is an important source of flavonols
[23]. In this regard, we observed 1839 pg/g flavonols in apple fibre, a value up to four
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times greater than that in pear fibres and up to 10 times greater than in peach fibres.
The main flavonols in apple fibres were quercetin glycosides such as quercetin-3-O-
galactoside (hyperoside) and quercetin-3-O-rhamnoside (quercitrin). We examined
isorhamnetin derivatives in the three non-citrus fruit fibres and kaempferol-3-O-
rutenoside in peach. In addition, around 300 pg/g of arbutin, a characteristic
hydroquinone of pear [34], was found in pear fibres. Phloretin 2’-glucoside
(phloridzin) was the predominant dihydrochalcone, together with 2’-xyloglucoside, in
apple fibre, as has been described for fresh apples [23]. Phloridzin was also detected
in catrot fibre, which registered the highest concentration (1798 pg/g). The fibre of
this vegetable also showed the highest content of hydroxycinnamic acids (3001 pg/g
distributed between caffeoylquinic acid isomers). Thus, carrot fibre is a good source
of dihydrochalcones and hydroxycinnamic acids. Of note, our results are consistent
with the phenolic profiles of apple pomace and by-products of the Pink Lady variety
[9, 34, 35].

Lyophilised peel and flesh were extracted using the same procedure used for fibres,
thus allowing direct comparison between the different materials. Figure 2 shows the
results in terms of subclasses of phenolic compounds comparing fibres, lyophilised
peel, and lyophilised flesh. The results for each phenolic compound in lyophilised
samples are detailed in Supplementary data. In the three types of non-citrus fruit fibre,
the hydroxycinnamic acid content did not differ greatly from that found in lyophilised
peel and flesh. The flavonol concentration in lyophilised non-citrus fruit was higher
in peel than in flesh, whilst fibres showed intermediate values. The same pattern was
observed for hydroquinone in pear. In contrast, the content of flavan-3-ols in fibres
was lower than in lyophilised peel and flesh in these three fruits. These results could
be attributed to the degradation of flavan-3-ols during processing [9, 35]. Finally, the
concentration of dihydrochalcones in apple and carrot were higher in fibre than in
lyophilised peel and flesh,; this finding is consistent with the phenolic profile of apple
pomace of the Pink lady variety [9].
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Table 1a. Contents of phenolic compounds in apple, peat, peach and carrot fibres determined using

UPLC-PDA.
T v | o |
(min) Compound Mean Mean Mean Mean
(ng/g, (ne/g, (ng/g, (me/g,
n=06)2 n=5)2 n=5)2 n=1)2
Hydroquinone
e | aED
314183
Hydroxycinnamates
2 6.45 3-Caffeoylquinic acid 157110 53154 408
3 7.96 5-Caffeoylquinic acid 633'31i188 475%37 897'22i90' 2024
4 8.43 4-Caffeoylquinic acid 158%5 508
5 9.47 5-Coumaroylquinic acid 8.2£1.5 1.5%2.1 32.8
6 9.72 4-Coumaroylquinic acid 26.8+10.3 26.2
6681200 | 634.4149 | 15871150 3000
Flavan-3-ols
7 7.68 Procyanidin-B1 76.9£14.2
8 | 822 (+)-Catechin 110418
9 9.23 Procyanidin-B2 1261+62.9
10 9.88 (-)-Epicatechin 89.7£43.9 29.5+4.5

216£107 29.5+4.5 187+32

Flavonols

11 12.49 Quercetin-3-O-rutinoside 54.2+11.6 33.614 25.2%0.7
12 | 1259 Quercetin-3-O-galactoside 5251120 33.514.4 25.8+2.2
13 12.82 Quercetin-3-O-glucoside 131£17 6717 26.1£2.3
15 13.27 Quetcetin-derivate 140120
16 13.49 Quercetin-derivate 26.113
17 13.04 Kaempferol 3-O-rutinoside 72.1+13.1
18 13.8 Quercetin-derivate 203£37
19 | 138 Isorhamanetin-3-O- 28.6+83.2

robinioside
20 | 13.98 Isorhamanetin-3-O- 26658 | 62.9+19.2 | 15.6+1.7

rutinoside
21 1412 | Quetcetin 3-O-thamnoside | 494£102
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Table 1a. Cont.

Apple Peach Carrot
R fibre | Pearfibre | g fibre
(mln) Compound Mean Mean Mean Mean
g/ (ng/g (ng/g (ng/g
n=06)2 n=5)2 n=5)2 n=1)2
2 | 1412 Isorhamnetin-3-O- 30.4+8
galactoside
23 | 1438 Isorhamnetin-3-O- 116236
glucoside
Isorhamnetin 3-O-6"-
24 15.36 | malonylglucoside/galactosi 49.3+14.5
de
18391370 | 4221186 164120
Dihydrochalcones
25 | 1391 phloretin-2"-O- 207469
xyloglucoside
26 15.03 phloretin 2'-O-glucoside 5631213 1768
7701282 1768
Total polyphenol content 34931958 | 1085+240 | 1939+202 4769
5-(Hydroxymethyl)furfural 4 i "
27 4.3 (HMF) 122143 85.41+28.8 10657 42.4

*n corresponds to number of industrial batches

Table 1b. Contents of phenolic compounds in citrus fibres determined using UPLC-PDA.

Orang | Tangeri Tangeri Lemon
Orange
flesh fibre | € peel | ne flesh ne peel flesh
R.t. c nd fibre fibre fibre fibre
(min) ompou Mean Mean Mean Mean Mean
(ng/g, (ng/g, | (ng/g (ng/g, (ng/g
n=6) 2 n=1)2 n=1)2 n=1)2 n=6) 2
Hydroxycinnamates
28 11.85 Ferulic acid 60.4+19.2 90.4 30.2 158
60.41+19.2 90.4 30.2 158
Flavones
29 | 1032 | Apigenin 68-diC- 1 gnc 31 | 7386 208 961 444458
glucoside
30 | 1105 | Diosmetin-68-di- 121410
C-glucoside
31| 12.69 Luteolin-7-O- 451%4.6
rutenoside
32 | 1329 | Diosmetin8-C- 77.39.5
glucoside
33 | 1349 | Diosmetin6-C- 64.142.2
glucoside
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Table 1b. Cont.

Orange flesh Orange Tangerin Tangeri Lemon
fibre peel e flesh ne peel flesh fibre
R.t. fibre fibre fibre
(min) Compound Mean Mean Mean Mean
Mean
(ug/g, n=6)* (g/g, (ug/g (g/g, (ug/g
8/8 n=1)a n=1)a n=1)a n=6)a
Hydroxycinnamates
28 | 11.85 Ferulic acid 60.4119.2 90.4 30.2 158
60.4+19.2 90.4 30.2 158
Flavones
29 | 1032 | Apigenin 6,8-di- 5064321 738.6 208 961 444458
C-glucoside
Diosmetin-6,8-
, +
30 | 1105 | 4 eoside 121410
31 | 1269 | ueolinT-O- 45.1+4.6
rutenoside
32 | 1309 | Diosmetin-8-C- 77.3%9.5
glucoside
33 | 1349 | Diosmetin6-C- 64.142.2
glucoside
34 | 1395 | ApigeninTO- s s 473 279.2
rutenoside
552+335 738 256 1240 352432
Flavanones
35 | 10.64 Flavanone- 13549
derivate
36 | 1226 | Priodictyol-7-O- 148+41 280 1760%80
rutinoside
37 | 1363 | Naringenin-TO- 1 yosc 1075 | 3111 871.8 3576 10949
rutinoside
38 | 1411 | DNaringeninT-O- | g0y, 2 58430
neohesperoside
Hesperetin-7-O-
39 | 14.59 renn 1237744024 | 22339 5644 15821 | 4144+489
rutinoside
40 | 15.19 | Hesperetin-7-O- | 5504 10g 576 295
glucoside
g1 | 1741 | Tsosakuratenin T a0 1253 330 1743
O-rutinoside
15503+5667 | 27586 6847 21434 | 62051617
Total polyphenol content | 1617526041 | 28505 7163 22991 | 65571649
5
27 | 43 | (Hydroxymethyl) | 50.8+42.0 26.9 123 35.3 7704142
furfural (HMF)

* n corresponds to number of industrial batches
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3.1.2 Phenolic compounds in fibres of citrus fruits.

The phenolic profiles of citrus fruit fibres differed greatly from non-citrus
materials (Table 1b). In this regard, the main phenolic compounds in citrus fruit fibres
were flavones and flavanones. The profiles of tangerine and orange fibres were similar
to those described for fresh fruit [27]. Hesperetin-7-rutenoside (hesperidin) and
naringenin-7-O-rutenoside (narirutin) accounted for more than 90% of total phenolic
content in these fibres. Other characteristic compounds of citrus fruits, such as
isokuratenin-7-rutenoside (didymin), ferulic acid and apigenin derivatives, were also
found. Although flesh and peel fibres from orange and tangerine showed the same
phenolic profile, peel fibres showed much higher total phenolic compounds content
than flesh. The profile and content of these compounds in orange fibres were similar
to those described for non-industrial fibres processed on a pilot food plant [12].
Hesperidin and eriodictyol-7-rutenoside (eriocitrin) were the predominant phenolic
compounds in lemon fibres, as they are in fresh lemon [27]. Apigenin, diosmetin and
naringenin derivatives were found in minor amounts in this fibre. Indeed, our results
are consistent with those found for the waste of industrially processed lemons[13].

The peel and flesh fibres of oranges and tangerines gave a similar phenolic profile
to lyophilised peel and flesh. In both fibres and lyophilised material, flavones and
flavanones showed a higher concentration in peel than in flesh (Figure 2). The flavone
and flavanone content of the fibres and the lyophilised material did not differ greatly.
This content was slightly higher for lyophilised orange peel and flesh, as well as for
tangerine flesh. However, the content in tangerine peel fibre was slightly higher than
in lyophilised peel. Lemon showed significantly lower concentrations of phenolic
compounds in fibres than in peel and lyophilised flesh. These findings are consistent
with the significantly greater content of 5-hydroxymethylfurfural (5-HMF) in lemon
fibres (Table 1b), around 800 ng/g, which can be explained by degradation caused by
the temperature reached during processing [36]. 5-HMF was not detected in the
lyophilised samples.
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Figure 2. Phenolic compound content in fruit fibres and in lyophylysed peel and flesh. The results are
grouped in the basis of phenolic families.
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3.1.3 Total phenolic compound content.

In terms of total phenolic content calculated from the sum of the individual area
of chromatographic peaks (Table 1a, 1b), the highest values, ranging from 7163 to
28505 ng/g, were found in orange and tangerine fibres from peel and flesh. However,
the heterogeneity of batches (orange n=06) was also the highest, with 37 % of RSD,
possibly caused by no specification of cultivars and provenance. The total phenolic
compound content of lemon fibre was 6557 £ 649 ng/g. The total content of apple
fibres (3493 £ 958 ug/g) was similar to that described in apple pomace and non-
industrial waste fibres [9, 34, 35]. The total phenolic content of peach (1085 *+ 240
ug/g) and pear (1939 £ 202 pg/g), lower than that of apple, is also consistent with
reported values [37, 38]. Finally, the total phenolic content for carrot fibre was 4769

ng/g.
3.2 Bound phenolic acids.

The solid material remaining after the aqueous-organic extraction was subjected
to alkaline hydrolysis and subsequently analysed by HPLC. To the best of our
knowledge, the analysis of fruit fibres using this approach is unprecedented. Bound
phenolic acids have been addressed in apple, nectarine, peach, tangerine peel, and
young tangerine [18, 39], but these compounds were not studied separately in peel
and pulp. Here we characterised caffeic, coumaric and ferulic acids (Table 2a) as they
have been described as the main bound phenolic acids in fruit [15]. In apple, pear,
peach, and carrot fibres, these acids registered concentrations ranging from 9.30 to
57.0 pg/g. The predominant bound phenolic acid was caffeic acid, the highest value
found in carrot fibre (47.5 pg/g). Coumaric and ferulic acids were also assessed in
these fibres. Apple fibre showed considerable concentrations of coumaric acid whilst
carrot fibre showed a notable concentration of ferulic acid. The total content of
bound phenolic acids in pear, peach, and carrot fibres fell between the corresponding
contents in lyophilised peel and flesh. Total bound phenolic acid concentrations were
slightly lower in apple fibre than in lyophilised peel and flesh. This profile was similar
to that shown by extractable hydroxycinnamic acids, desctibed in Section 3.1. For all
the fruit and also for carrot, the amount of bound phenolic acids was higher in peel
than in flesh. Of note, lyophilised peel and flesh showed a similar profile for bound
phenolic acids.

Tangerine and orange fibres showed a concentration of bound phenolic acids
ranging from 97.0 to 152.4 ng/g (Table 2b). These values were higher than those
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found in the other fibres. Caffeic acid was predominant in fibres from tangerine and
orange flesh. In contrast, ferulic acid was most abundant in fibres from tangerine and
orange peel. The total content of bound phenolic acids in fibres from tangerine and
orange peel was higher than in flesh fibres. This behaviour was also observed between
the lyophilised peel and flesh, which showed a higher concentration of ferulic acid in
peel than in flesh. Finally, lemon fibre showed similar concentrations of coumaric,
ferulic and caffeic acids. The concentrations of these compounds were significantly
lower than those found in lyophilised materials; this behaviour was detected for the
extractable phenolic compounds (Section 3.1). The industrial processing used also
appears to favour the degradation of bound phenolic acids.

3.3 Bound proanthocyanidins (condensed tannins).

Whilst the determination of bound proanthocyanidins has been addressed by
chromatography, thiolysis, or enzymatic treatments of residues, these approaches
analysed only a small fraction of the total bound proanthocyanidins [19].
Spectrophotometric analysis of extracts obtained by treatment of the residues with n-
butanol/HCI is the most common procedure for estimating the amount of bound
proanthocyanidins in a matrix [22]. The proanthocyanidin content of the solid
residues from the aqueous-organic extraction are expressed in cyanidin equivalents
(Figure 3). All industrial fibres showed similar deviation percentage between batches
(apple n=06, pear n=5 and peach n=>5), ranging between 21.8 and 32.0%. Apple fibre
showed the highest concentration of proanthocyanidins (30834 ng cyanidin/g),
followed by peach and pear with 1536 and 1031 pg cyanidin/g, respectively. In the
citrus and carrot fibres, the concentration of condensed tannins was considerably
lower than in the other fibres. These results confirm those previously reported [15].
To the best of our knowledge, this study is the first to address bound
proanthocyanidins separately in peel and flesh. Considering the lyophilised fruit, in
apple the highest concentration of bound proanthocyanidins was found in peel, whilst
in pear and peach it was detected in the flesh. Comparing fibre with lyophilised peel
and flesh, the values for apple fibres were similar to those for lyophilised peel, whilst
the values for pear fibre fell between those of the peel and flesh. Finally, the
concentration of bound proanthocyanidins in peach fibre was lower than in
Iyophilised peel and flesh.
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Figure 3. Bound proanthocyanidins content in the residues from aqueous-organic extraction expressed
as cyanidin equivalents.

4. Conclusions.

Here we characterised the phenolic compounds of nine processed fibres from the
juice industry, namely apple, peach, pear, orange peel and flesh, tangerine peel and
flesh, lemon flesh and carrot. The extractable phenolic profiles of the fibres were
achieved by UPLC-PDA-FLR-MS/MS. We identified 40 phenolic compounds in
these fibres and determined their concentration. The phenolic profiles in fibres were
found to be consistent with those in the lyophilised material from fresh fruits. In
contrast, a different behaviour was observed when comparing industrial fibres with
lyophilised peel and flesh, depending on the family of compounds assessed. In the
case of non-citrus fruits, the content of flavan-3-ol was higher in fibres than in
lyophilised peel and flesh of fresh fruit. Dihydrochalcones showed the opposite
behaviour. In general, the content of flavanone and flavone content was slightly lower
in citrus fibres than in peel and flesh. In addition, we examined bound phenolic
compounds remaining in solid residues. Bound phenolic acids and bound
proanthocyanidins differed in behaviour depending on the origin of the fibre or the
lyophilised material. Given the health benefits of phenolic compounds, and on the
basis of our findings, we conclude that the fibres from fruit and vegetable by-products
show high added value as ingredients for the food manufacturing industry.
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APPENDIX A. Supplementary data.

Picture of various fibres assessed.

ORANGE FLESH

APPLE FIBER PEACH FIBER PEAR FIBER FIBER

TANGERINE FLESH LEMON FLESH
FIBER CARROT FIBER FIBER

TANGERINE PEEL ORANGE PEEL
FIBER FIBER

Figure S-1. Picture of fibres analysed in the study.
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Scheme of the production process.

| Citric Peels | | Fruit pomace |

Wooden crate Wooden crate
A y

| Receiving | | Receiving |_ P‘zta?ie):e

Wet milling (Comitrol) |

Potable water

Wet milling (Frima) |

Homogenizer tank I‘i

Pump

Endless belt

y
| Flaker |

Bucket elevator

Endless belt

y
| Holding tank |

Endless belt

Suction

y
Coarse flour | Bayg filter

Endless belt

Elevator

y
_| Sieving (200 or 500 um) |

Correct size flour
y
| Hopper |

y
| Sacker |

Figure S-2. Process flow to obtain fruit or vegetable fibres from juice industry by-products.
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Detailed chromatographic, UV-vis, and MS parameters and bibliographic
references of the phenolic compounds found in the samples.
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Detailed result tables of extractable and bound phenolic compounds in fibres
and lyophilised materials.

Table S-2. Results of phenolic compounds of non-citrus fruits (Apple).

APPLE FIBRE APPLE PEEL ?{ngl
R.t Compound | Conc. | P3" | RsD+ | Cone. | 3P | Conc. | RsD:
Hydroxycinnamates
7.96 5'Caff§f§qmmc 6333 | 188.1 22 | 8298 | 29 14768' 27
5-
9.47 Coumaroylquini 8.2 15 0.8 10.8 50 | 132 33
c acid
4-
9.72 Coumaroylquini 26.8 10.3 0.7 39.7 1.2
c acid
6683 | 199.9 880.3 14;31'
Flavan-3-ols
7.68 Procyanidin-B1 90.1 1.8 183.7 0.4
8.22 (+)-Catechin 36.3 13 | 477 13
9.23 ProcyanidinB2 | 1260 | 629 26 | 11173 | 02 | 4739 | 05
9.88 (-)-Epicatechin 89.7 43.9 04 | 7197 | 02 | 2920 | 03
Total 2157 | 1068 1963.4 997.3
Flavonols
12.49 Quercetin-3-O- 1 5, 11.6 1.1 452 15 | 328 0.0
rutinoside
12.59 Q;:Ziﬁo‘;i’eo’ 5255 | 1202 03 | 4631 | 21 452 1.6
12.82 Quercetin-3-O- |55 5 16.6 08 | 1219 | 21 | 260 1.8
glucoside
13.27 Quercetin- 1400 | 204 13 | 1762 | 11 | 277 13
derivate
13.49 Quercetin- 26.1 3.0 43 334 | 18
derivate
13.8 Quercetin- 2027 | 371 05 | 2873 | 09
derivate

13.98 Tsorhamnetin-3- |00 | sg 0 | 744 | 3343 | 20
O-rutinoside
Quercetin 3-O-
rhamnoside
Total 1839.0 369.5 2692.7 200.5

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.

14.12 493.6 102.2 0.4 1231.3 2.1 68.8 0.6
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Table S-2. Cont.

APPLE

APPLE FIBRE APPLE PEEL FLESH

R.t Compound | Cone. | P2" | RsD: | Cone. | RSD: | “°™ | RsD:
Dihydrochalcones

13.91 phloretin-2-0-| (7, | 94 1.0 | 3073 | 06 | 2004 | 08
xyloglucoside

15.03 phloretin 2-0- 1 50, o | 5158 21 2037 | 06 | 2158 | 07
glucoside

Total 7703 | 2822 511.0 4162

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.

Table S-3. Results of phenolic compounds of non-citrus fruits (Pear).

PEAR FIBRE PEAR PEEL PEAR FLESH
R.t Compound Conc. ngh RSD: | Conc. | RSD= | Conc. | RSDs
Hydroquinone
Hydroquinone §3-
2.53 D- 3144 | 832 26 | 3565 | 15 | 1423 0.3
glucopyranoside
Total 3144 | 832 356.5 1423
Hydroxycinnamates
6.45 3‘C"‘ff§:§qmmc 1579 | 103 02 | 1527 | 07 | 1416 1.0
7.96 5-Caffeoylquinic 475 371 09 | 3056 | 5.1 665 25
acid
5-
9.47 Coumaroylquinic 1.5 2.1 7.2
acid
Total 6344 | 495 458.3 806.6
Flavan-3-ols
9.23 Procyanidin-B2 39.3 1.6 61 1.0
9.88 (-)-Epicatechin 29.5 45 15 80.4 03 633 03
Total 295 45 119.7 124.3
Flavonols
12.49 Quercetin-3-O- 33.6 4 3.2 175 0.7
rutinoside
1259 Quercetin-3-O- 33.5 4.4 13 | 3306 | 12
galactoside
12.82 Quercetin-3-O- 66.9 165 34 | 3575 | 17
glucoside
13.8 Isorhamnetin-3- 28.6 83.2 13 | 1246 | 08
O-robinioside

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.
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Table S-3. Cont.

PEAR FIBRE PEARPEEL | PEAR FLESH
R.t Compound Conc. B;‘;)Ch RSD: | Conc. | RSD* | Conc. | RSDs

13.98 Isorhamnetin-3- 62.9 192 23 529 2.1
O-rutinoside

14.12 Isorhamnetin-3- 30.4 8 25 403 6.6
O-galactoside

14.38 Tsorhamnetin-3- |y ) | 504 2.0 73 0.8
O-glucoside

Isorhamnetin 3-

15.36 O-6™ . 49.3 14.5 3.1 154.6 2.2
malonylglucoside/
galactoside
Total 421.6 186.2 1308.5

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.

Table S-4. Results of phenolic compounds of non-citrus fruits (Peach).

PEACH FIBRE PEACH PEEL PEACH FLESH
R.t Compound Conc. ngh RSD2 | Conc. | RSD* | Conc. | RSD=
Hydroxycinnamates
6.45 3-Caffeoylquinic 531.2 54.4 3.8 436 2.5 486.3 1.7
acid
7.96 5-Caffeoylquinic 897.2 90.2 3.5 15158 | 24 551.7 1.5
acid
8.43 4-Cafteoylquinic 158.7 5 1.8 156 0.8 140.2 0.3
acid
Total 1587.1 | 149.6 2107.8 1178.2
Flavan-3-ols
7.68 Procyanidin-B1 76.9 14.2 1.4 594.8 1.0 338 1.2
8.22 (+)-Catechin 110.1 18.1 3.6 896.2 1.4 454 1.3
Total 187.0 32.3 1491.0 792.0
Flavonols
1249 | Quercetn-3-O- 252 0.7 1.8 76 58 182 28
rutinoside
1259 | Quercetin-3-O- 25.8 2.2 1.1 97.7 8.7 19.3 21
galactoside

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.
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*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate

Table S-4. Cont.

PEACH
PEACH FIBRE PEACH PEEL FLESH
R.t Compound Conc. B;‘gh RSD* | Conc. | RSD* | Conc. | RSDs
12.82 Quercetin-3-O- 26.1 23 26 94 9.0 17.7 40
glucoside
1364 | Tacmpferol-3-O- 721 | 131 | 98 | 197 | 13
rutinoside
13.98 Isorhamnetin-3-O- 15.6 1.7 41 585 5.1 78 78
rutinoside
Total 1648 | 200 5232 63.0

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.

Table S-5. Results of phenolic compounds of non-citrus fruits (Carrot).

CARROT FIBRE CARROT PEEL CARROT FLESH
R.t Compound Conc. RSD= Conc. RSD= Conc. | RSD2
Hydroxycinnamates
6.45 3-Caffeoylquinic acid 408.2 1.5
7.96 5-Caffeoylquinic acid 2024.9 1.0 8369.6 12 353.9 0.9
8.43 4-Caffeoylquinic acid 508.6 0.2
9.47 | 5-Coumaroylquinic acid 32.8 0.5 142.3 0.2 17.6 1.0
9.72 | 4-Coumaroylquinic acid 26.2 5.0
Total 3000.7 8511.9 371.5
Dihydrochalcones
15.03 phl;fi%iio’ 17683 | 17
Total 1768.3

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.

Table S-6. Results of phenolic compounds of citrus fruits (Orange).

ORANGE FIBER ORANGE PEEL | ORANGE FLESH
R.t Compound Conc. B;;)c h RSD? Conc. RSD» Conc. RSD>
Hydroxycinnamates
11.85 Ferulic acid 60.4 19.2 2.1 8.4 0.0 15.8 5.0
60.4 19.2 8.4 15.8

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.
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Table S-6. Cont.

ORANGE FIBER ORANGE PEEL ORANGE FLESH
R.t Compound Conc. ngh RSD> Conc. RSD» Conc. RSD»
Flavones
1032 | Apigenin 68-di- 15000 1y | 20 562.5 38 4134 47
C-glucoside
13.95 | ‘\pigenin-7-O- 454 143 5.6
rutenoside
Total 551.6 | 3354 562.5 4134
Flavanones
12,26 | Priodictyol-7-O- 11— yg 40.6 30 536 41 217.5 6.9
rutinoside
13,63 | Naringenin-7-O- | o350 1 4747 | 18 1488.4 31 1583.7 42
rutinoside
141 | Naringenin-7-O- 1 5, ¢ 14.9 65 26.7 8.2 93 17.9
neohesperoside
14,59 | Hesperetin7-O- | 123771y oa9 | 156 27551 15 | 205411 | 20
rutinoside 1
1549 | Hesperetn-7-O- 5005 1 4975 | o4 612.2 39 | 2751 46
glucoside
17.41 | Isosakuratenin-T-| o, 3154 | 26 10123 1.0 1158.4 0.6
O-rutinoside
Total 15503 | 5667 31226.6 23785.1

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.

Table S-7. Results of phenolic compounds of citrus fruits (Tangerine).

TANGERINE | TANGERINE | TANGERINE | TANGERINE PEEL
FIBER PEEL FLESH FIBER
Rt | Compound | Conc. | RSP | €on¢ | pepa | €00¢ | Repa | Cone. RSD=
Hydroxycinnamates
11.85 | Ferulic acid 30.2 1.7 459 6.6 15.3 3.2 79.2 8.1
Total 30.2 45.9 15.3 79.2
Flavones
Apigenin
10.32 6,8-di-C- 208.7 22 815 0.9 464.8 1.2 480.3 2.5
glucoside
Apigenin-7-
13.95 O- 473 2.3 166.7 2.8 101.2 3.1 139.6 7.6
rutenoside
Total 256 981.7 566 619.9
Flavanones

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.
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TANGERINE | TANGERINE | TANGERINE | TANGERINE
FIBER PEEL FLESH PEEL FIBER
Rt | Compound | Conc. | RSD* | €°"¢ | Rrsp» | ©°" | RsDs | Conc. | RSD:
Naringenin-
13.63 7-O- 871.8 0.6 925 58 915.2 1788.2 7.6
rutinoside
Hesperetin-
14.59 7-0- 56444 | 05 | 12318 | 0.6 9422 7910.3 7.6
rutinoside
Hesperetin-
15.19 7-O- 161.2 0.7 147.3 6.1
glucoside
Isosakuraten
17.41 in-7-O- 330.4 3.0 283 25 340.1 871.3 7.0
rutinoside
Total 6846.6 13(;87 10678 10717.1
Table S-8. Results of phenolic compounds of citrus fruits (Lemon).
LEMON
LEMON FIBER LEMON PEEL FLESH
R.t Compound Conc. ngh RSD? Conc. RSD2 | Conc. | RSD#
Flavones
1032 | Apigenin 6,8-di-C- 44.4 5.8 48 1005.5 32 235.4 6.6
glucoside
11,05 | Diosmetin-6.8-diC- 1 ), 5 10.2 32 9293 4.7 542 2.2
glucoside
12.69 Luteolin-7-O- 78.1 8.6 1.0 3439 53 239.7 15
rutenoside
13.29 Diosmetin-8-C- 64.3 2.0 0.7 67.9 62 100.3 1.6
glucoside
13.49 Diosmetin-6-C- 411 56 129 288.9 23 79.7 5.4
glucoside
Total 352.2 323 2380.3 1259
Flavanones
10.64 Flavanone-derivate 134.6 8.9 2.4 619.7 4.3 183.8 2.7
12.26 Eriodictyol-7-O- 1759.1 | 80.3 2.7 8498.4 52 5378 2.0
rutinoside
13.63 Naringenin-7-O- 109.4 8.6 2.8 4271 6.8 121.6 2.4
rutinoside
14.1 Naringenin-7-O- 58.1 30.3 5.9 117.6 9.1 571 1.9
neohesperoside
14.59 Hesperetin-7-O- 4144 488.9 28 | 239105 | 3.3 10423 1
rutinoside
Total 62052 | 617 335733 16163

*Repeatability of the procedure for each sample type was determined by the analysis of one sample in triplicate.




3.2.2. Characterisation of primary and secondary metabolites in
processed fruit fibres from the juice industry
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ABSTRACT

Here we analysed the content of primary and secondary metabolites in nine types
of industrially processed fibres derived from the juice industry. Specifically, we
examined fibre from the following: apple, peach, and pear, as non-citrus fruits; the
peel and flesh of orange and tangerine, and lemon flesh, as citrus fruits; and carrot,
as vegetable. Regarding primary metabolites, the sugar content ranged from 21.6
mg/g in lemon to 290 mg/g in orange peel and lower mass organic acid content
ranged from 25.0 mg/g in pear to 250 mg/g in lemon. The content and profile of
fatty acids were constant during fibre processing, ranging from 0.5 to 1.46%. With
respect to secondary metabolites, processing did not decrease the sterols, which
ranged from 0.51 to 1.66 ug/g. Regarding carotenoids, of note was the presence of
epoxycarotenoids, which may reflect the quality of the industrial process, thus giving
added value to the by-product.
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1. Introduction.

The juice industry produces large volumes of waste, both solid and liquid. Such
waste is a source of pollution and also implies a loss of valuable biomass and
nutrients [1]. This waste can be exploited to obtain fibres—these having distinct
chemical compositions and physicochemical properties depending on the fruit from
which they derive and its provenance. In this context, the effects of the physical,
chemical, and functional properties of fibre from fruit and vegetable by-products on
health have been reported. Greater knowledge of the chemical composition of fibres
would provide insight into the physiological effects they generate and also
contribute to the assessment of the loss of nutritional value after industrial
processing.

The profile of primary metabolites is relevant in the chemical composition of
fruit fibres. In some cases, the total percentage of fibre can be almost 36% of the
weight of the product considered industrial fruit fibre. High sugar content and
moderate concentrations of organic acids greatly contribute to the sensory attributes
of fruit and dietary fibre from the same [2-4]. From the nutritional perspective,
differences in carbohydrate will condition its glycaemic potential, moreover the
content of certain organic acids in the fibre may lead to a lowering of postprandial
blood glucose and insulin responses [5, 6]. Amino acids are also crucial for human
nutrition and they affect the attributes of food, including taste, aroma, and colour
[7]. Moteover, amino acids are useful markers to define fruit juice genuineness;
however, their use is hampered by the natural variability of fruit composition.
Despite the low concentration of lipophilic compounds in fruit, they play a key role
in sensory quality. As unsaturated fatty acids predominate over saturated fatty acids
in fruit and vegetables [8], the oxidation of the former during thermal treatment and
storage may occur, resulting in the formation of compounds with an unpleasant
aroma and flavour. However, the temperature applied to fibres during drying
processes does not seem to affect their fatty acid content or profile [9].

According to the nomenclature adopted by the British Nutrition Foundation,
plant secondary metabolites can be divided into four major groups, namely phenolic
compounds, terpenoids, alkaloids, and sulphur-containing compounds [10]. Unlike
primary metabolites, the so-called secondary metabolites are often unevenly
distributed among taxonomic groups within the plant kingdom. Moreover, many of
these metabolites have positive effects on human health. In a first approach to the
chemical composition of fruit fibres, we previously reported on their polyphenolic
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profile and content [11]. Terpenoids are a family of chemical compounds detived
from five-carbon isoprene units, and they play diverse functional roles. Examples of
these compounds include sterols as structural components and carotenoids and
phytols as photosynthetic pigments.

Plant sterols have known serum-cholesterol lowering effects [12]. Phytosterols
have been widely studied in vegetables and fruits [13], but not in processed fibres
from the same. Carotenoids are phytochemicals with anti-oxidant and health-
promoting properties; they can reduce the risk of lifestyle-related diseases, including
cancer [14]. Nevertheless, the presence of a long chain of conjugated carbon-carbon
double bonds in carotenoids makes these compounds highly susceptible to
degradation by heat, oxygen, light, and acids. During food processing and storage,
carotenoids undergo a number of reactions, such as isomerisation (trans to cis),
oxidation, and rearrangements of 5,6-epoxide to 5,8-epoxide in acidic conditions
[15, 16]. While carotenoids have been reported in fruits and vegetables [17], little
attention has been given to the characterisation of by-products and fibres obtained
from these food matrices. Carotenoids—usually total content—have been addressed
in carrot by-products [18], although orange dietary fibre[19] and by-products from
tropical fruit [20] have also been studied.

Given that research into processed fruit fibres is unprecedented as only the anti-
oxidant properties of these products have been reported previously [11, 20] and
considering the interest of the fruit industry in the characterisation of its commercial
products, here we selected nine fibres from industrial by-products obtained from the
juice industry and analysed their composition. In this regard, we focused on the
characterisation and quantification of primary metabolites (sugars, low molecular
mass organic acids, amino acids, and fatty acids) and other secondary metabolites
such as phytosterols and carotenoids in industrial fibres from various fruits and also
carrots. UPLC-PDA-APCI/MS and GC-FID-MS methods were used to analyse the
samples, which were prepared using polar and apolar solvents [21].

2. Material and methods.
2.1. Reagents, solvents, and standards.

Ethanol, 2-propanol, methanol (MeOH), ethyl acetate, acetonitrile (ACN),
chloroform, and acetone (HPLC grade purity) were supplied by J.T. Baker
(Deventer, The Netherlands). ACN and methanol (LC-MS grade) for
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chromatographic analysis were also from J.T. Baker. Water was obtained using a
Milli-QQ system from Millipore (Bedford, MA, USA). Sodium chloride and BHT
(2,6-di-t-butyl-4-methylphenol) were provided by Fluka (Sigma-Aldrich, Madrid,
Spain), potassium hydroxide by Panreac (Barcelona, Spain), and ascorbic acid by
Acros  (Pittsburgh, PA, USA). N-Methyl-N-(trimethylsilyl)trifluoroacetamide
(MSTFA) and methoxyamine hydrochloride (MEOX) were purchased from Sigma-
Aldrich (Madrid, Spain).

Succinic acid, quinic acid, shikimic acid, citric acid, fumaric acid, gluconic acid,
citramalic acid, fructose, glucose, sorbitol, xylose, galactose, rhamnose, arabinose,
proline, and phenylalanine were purchased from Sigma-Aldrich. Malic acid, myo-
inositol, glycerol and a set of 21 L-amino acids plus glycine (ref LAA21) were
supplied by Fluka. Phosphoric acid and lactic acid were supplied by Acros and
Probus (Barcelona, Spain), respectively.

A set of 37 fatty acid methyl ester reference standards (10 mg/mL in
dichloromethane) were purchased from Supelco (FAME MIX). Triundecanoin was
used as internal standard and was supplied by Fluka.

B-Carotene, (all-E)-lutein, and B-cryptoxanthin were purchased from Sigma-
Aldrich. (all-E)-Zeaxanthin was supplied by Fluka. Phytoene, (all-E)-violaxanthin,
(9"Z)-neoxanthin, and (all-E)-antheraxanthin were provided by CaroteNature
(Lupsingen, Switzerland). All stock standard solutions were prepared in
ACN:MeOH:acetone (47:20:33, v/v/v) and stored at —80°C. Total carotenoid
concentration was determined spectrophotometrically using a UV2 UV-vis
spectrometer (ATI Unicam, Cambridge, UK). The described values of A1% 1 cm
were used to quantify each carotenoid stock solution [22]. Working solutions were
prepared from stock solutions by sampling an aliquot and diluting it with the
injection solvent (ACN/MeOH /acetone, 47:20:33, v/v/v).

2.2. Samples.

The following batches of industrial fibre were provided by a local juice company
(Indulleida, Alguaire (Lleida), Spain): 6 apple; 5 pear; 5 peach; 6 orange flesh; 5
lemon flesh; 1 orange peel; 1 tangerine flesh; 1 tangerine peel; and 1 carrot. Usually a
batch is composed by fruits and vegetables of different varieties and geographical
provenance. Fibre refers to the by-product obtained from the industrial processing
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of fruit and vegetable in the juice industry; a scheme of the process is shown in the
Supplementary Data.

2.3. Determination of sugars, sugar alcohols, low molecular mass organic
acids, and amino acids.

Exctraction and derivatisation procedure.

Extraction and derivatisation followed a procedure similar to that described by
[23]. Aliquots of 10 mg of fibre were placed in a 2.0-mL Eppendorf vial
Subsequently, 1.4 mL of a HxO:MeOH (70:30 v/v) solution was added. The mixture
was vortexed for 30 min and then centrifuged at 20,000 X g for 5 min. A volume of
150 pL of the extract was placed into a 1.5-mL Eppendorf vial. The extract was
dried for 45 min at room temperature using a SpeedVac (Thermo, Asheville, NC,
USA) apparatus. The residue was then suspended in 40 pL of a solution of MEOX
in pyridine (20 mg/mL), vortexed until it was completely solved, and then incubated
in a ThermoMixer (Eppendorf AG, Hamburg, Germany) for 1 h at 40°C. Next, the
vial was removed, and then 80 pL. of MSTFA was added. The sample was vortexed
and incubated at 40°C for 1 h. Finally, the sample was placed in a chromatography
vial containing a glass insert.

Gas chromatography analysis.

GC analyses were performed in a 6890N gas chromatograph equipped with a
5973 Mass Selective Detector, both from Agilent Technologies. The analytical
column was a BPX-5 (SGE Analytical Science, Milton Keynes, UK) (95% dimethyl-,
5% diphenylpolysiloxane) capillary (30 m, 0.25 mm id., 0.25-pm film thickness).
The temperature programme was 70°C for 5 min, followed by an increase of
8°C/min until reaching the final temperature of 360°C, which was then held for 1
min. A 1:50 split injection ratio was applied. Helium was used as the catrier gas at a
constant flow rate of 1 mL/min. The injection volume was 1 pl. The injection
system was held at 280°C.

Quantification was carried out by the external calibration curve method applying
Single Ion Monitoring (SIM) by selecting two ions for each compound—one for
chromatographic area quantification and the other one for confirmation purposes.
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2.4. Fatty acid determination.
Transesterification of acylglycerides.

A volume of internal standard (50 pL) was added to a 10-mL reaction vial fitted
with a poly(tetrafluoroethylene)(PTFE)-lined cap, and the solution was evaporated
to dryness. Next, 350 mg of fibre, 2 mL of 2% sulphuric acid (H2SO4) in methanol
with 2 mg of BHT were added, and the vials were vortex-mixed for 5 min. They
were then filled with nitrogen and heated at 80°C in a heating aluminium block with
continuous magnetic stirring for 40 min. After cooling, 3 mL of a NaCl saturated
aqueous solution and 2 mL of hexane were added. Vials were vortex-mixed (1 min)
and centrifuged for 5 min at 433 x g. The upper phase was recovered. The aqueous
phase was re-extracted with 2 mL of hexane, and the upper phases were combined.

Gas chromatography analysis.

Quantitative and qualitative analysis of FAMEs were carried out by GC with an
Agilent 7890A apparatus coupled to an FID detector. The analytical column was a
30 m X 0.25 mm fused silica capillary coated with a 0.20-um film of poly(80%
biscyanopropyl-20%  cyanopropylphenylsiloxane)  (SP-2330;  Supelco).  The
temperature programme was 100°C for 1 min, followed by an increase of 8°C /min
until 200°C and a second increase of 3°C/min until reaching a final temperature of
225°C, which was then held for 3 min. A 1:20 split injection ratio was applied in a
split-splitless system. Helium was used as the carrier gas at a constant flow rate of 2
mL/min. The injection volume was 1 uL. The injection system was held at 250°C
and the FID system at 260°C.

Additional qualitative analysis was performed using two systems, namely an
Agilent 7890A gas chromatograph coupled to an FID detector, and an Agilent
6890N gas chromatograph coupled to a 5973 Mass Selective Detector. In both, the
analytical column was a HP-5 (Supelco) (95% dimethyl-, 5% diphenylpolysiloxane)
capillary (30 m, 0.25-mm i.d., 0.25-pm film thickness). The temperature programme
was 100°C for 1 min, followed by an increase of 5°C/min until reaching the final
temperature of 255°C, which was then held for 3 min. A 1:20 split injection ratio
was applied. Helium was used as the cartier gas at a constant flow rate of 2 mL/min.
The injection volume was 1 pl.. The injection system was held at 250°C and the FID
system at 280°C.
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Quantification was carried out by the internal standard method. The response
factors of methyl esters of commercially available saturated and unsaturated fatty
acids were calculated under the same chromatographic conditions as those indicated
above. The repeatability of the method was assessed in each fibre by analysing one
sample in triplicate.

2.5. Determination of phytosterols, triterpenes, fatty alcohols, and alkanes
Exctraction and derivatisation procedure.

Extraction and derivatisation of free hydroxyl groups to trimethylsilyl ethers
followed a procedure similar to that described by [24]. Aliquots of 10 mg of fibre
were placed in a 10-mL glass vial with teflon cap. The fibre was then extracted with
0.8 mL of CHCI; for 12 h at 35 °C, with shaking at 1400 rpm. Subsequently, 0.2 mL
of a NaCl saturated aqueous solution was added. The mixture was vortexed and
centrifuged at 20,000 X g for 5 min, and the organic layer was then recovered. The
aqueous phase was re-extracted with 0.8 mL of CHClL. The organic extract was
dried for 45 min at room temperature using a SpeedVac apparatus. The residue was
then suspended in 200 pL of pyridine and 200 puL. of BSTFA, vortexed until
completely solved, and then incubated in a ThermoMixer for 15 min at 100°C.

Finally, the sample was placed in a chromatography vial containing a glass insert.
Gas chromatography analysis.

GC analyses were performed in a 6890N gas chromatograph equipped with a
5973 Mass Selective Detector, both from Agilent Technologies. The analytical
column was a BPX-5 (95% dimethyl-, 5% diphenylpolysiloxane) capillary (30 m,
0.25 mm i.d., 0.25-um film thickness). The temperature programme was 70°C for 1
min, followed by an increase of 10°C/min until reaching temperature of 100°C,
which was then held for 1 min. Finally, an increase of 5°C/min was applied until a
temperature of 310°C was reached, which was then held for 10 min. A 1:5 split
injection ratio was applied. Helium was used as the carrier gas at a constant flow rate
of 2 mL/min. The injection volume was 1 pL. The injection system was held at
280°C.

Quantification was carried out by the external calibration curve method and SIM
by selecting two ions for each compound—one for chromatographic area
quantification and the other for confirmation purposes.
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2.6. Determination of carotenoids.
Extraction of carotenoids.

A method adapted from [21] was applied. Between 0.05 and 0.6 g of fibre was
continuously shaken at 5000 rpm in a dark room with 3 mL of methanol in a 15-mL
Falcon type tube (Multi Reax; Heidolph, Schwabach, Germany) for 10 min. Next, 6
mL of chloroform was added, and the vial was shaken again as before. Next, 2.3 mL
of an aqueous solution of NaCl (10% w/v) was added, and the mixture was shaken
for 15 min and cooled at 4°C. The mixture was then centrifuged at 2,700 x g for 3
min at 4°C, and the organic layer was recovered and dried under Na. The residue
was saponified for 60 min at 55°C under N in a shaking incubator 211DS Labnet
(Edison, NJ, USA) using 1 mL of a solution of 6% KOH in methanol (w/v). After
addition of 1 mL of sodium chloride solution (10%, w/v), the mixture was placed in
a freezer for 15 min. Next, 2.5 mL of a hexane:diethyl ether solution (3:1, v/v) was
added. The mixture was vortex-mixed and centrifuged at 433 x ¢ for 3 min, and the
organic layer was then recovered and reserved (this step was repeated until the
aqueous phase was coloutless). The organic layers were combined, and the solvent
was removed under nitrogen stream. The residue was stored at —80 °C under
nitrogen until UPLC analysis. The dry residue was dissolved in the injection solvent
immediately prior to the analysis of carotenoids.

Ultra-high-performance liguid chromatography parameters.

Chromatographic analysis was performed on a Waters ACQUITY UPLC™
system (Waters, Milford, MA, USA) consisting of ACQUITY UPLC™ binary
solvent manager and ACQUITY UPLC™ sample manager, coupled to a
photodiode array (PDA) 2996 detector. Compounds were separated with an
ACQUITY UPLC™ BEH C18 column (1.7 um; 1 mm x 100 mm) (Waters,
Manchester, UK) using a gradient system consisting of solvent A, ACN-MeOH:
(7:3, v/v), and solvent B, 100% H»O. The linear gradient was as follows: 0—0.6 min,
25% B, 0.5 mL/min (isocratic); 0.6-6.5 min, 4.9% B, 0.5 mL/min (linear gradient);
6.5-7.5 min, 0% B, 0.7 mL./min (linear gradient); 7.5-13.6 min, 0% B, 0.7 mL/min
(isocratic); 13.6-14.1 min, 25% B, 0.5 mL/min (linear gradient); and 14.1-16.6 min,
25% B, 0.5 mL/min (isocratic). Weak and strong needle solvents were ACN-—
MeOH (7:3, v/v) and 2-propanol, respectively. The injection volume was 5 pL, and
the column was kept at 32°C, while the temperature in the sample manager was
maintained at 25°C. The average maximum pressure in the chromatographic system
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was 62053 kPa (9000 psi). Instrument control and data acquisition and processing
were carried out using MassLynx™ software (version 4.1; Waters, USA).

Repeatability of the procedure for each sample type was determined by the

analysis of one sample in triplicate.
Mass spectrometry parameters.

MS analysis was carried out on a Waters ACQUITY TQD tandem quadrupole
mass spectrometer (Waters, UK). The instrument was operated using an
atmospheric pressure chemical ionisation (APCI) source in positive ion mode. The
APCI parameters were as follows: corona voltage 4.0 kV; extractor voltage 3 V;
source temperature 150°C; probe temperature 450°C; cone gas (nitrogen) flow 10
L/h; and desolvation gas (also nitrogen) flow 150 L/h. Collision-induced
dissociation was achieved using argon at a flow rate of 0.15 mL/min in the collision
cell. Data acquisition was performed using MassLynx 4.1 software (Waters).

3. Results and discussion.

3. 1. Primary metabolites. Sugars, sugar alcohols, low molecular mass organic
acids, amino acids, and fatty acids.

Sugars.

In general, sugars were the most abundant group of compounds found by polar
extraction of compounds followed by silylation, with the exception of lemon fibre,
in which organic acids were the most abundant primary metabolites (Table 1). The
sugar content of the nine fibres ranged from 21.6 mg/g in lemon to 290 mg/g in
orange peel. Considering individual sugars, fructose, glucose, and sucrose accounted
for over 90% of the sugar content in all fibres except those of lemon, in which they
accounted for 82%; however, the ratio between sugars differed in the fibres. While
lemon, apple, pear and orange peel presented higher contents of glucose and
fructose, peach, orange flesh, tangerine and carrot registered higher values of
sucrose. In contrast, galactose, rhamnose, raffinose, xylose and arabinose were
found in minor concentrations. Comparing the sugar composition of apple fibre to
the findings of other studies in which raw apples were analysed [25], we can affirm
that sugar content was reduced 4-fold during fibre production, while the sugar
profile was maintained. The same behaviour has been reported in peach [20], pear
[27] and citric fruits [3]. However, variations in sugar composition are highly
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dependent on factors such as climate, the ratio of leaves to fruit, and the harvesting
time. In addition, we found a higher content of sugars in the peel than in the flesh
of orange, which is consistent with the literature [28].

Sugar alcobols.

The content of sugar alcohols ranged from 3.6 to 24.2 mg/g, lemon fibre
presenting the lowest content (Table 1). This family of compounds comprised
mainly sorbitol and myo-inositol, although a minor concentration of glycerol was
also detected in some samples. Of note, the myo-inositol/sorbitol ratio was 5/27
for citrus samples while for apple, peach, and pear it was 3/27.

Low molecular mass organic acids.

The fibre samples presented between 25.0 and 250 mg/g of low molecular mass
organic acids (Table 1). Lemon showed the highest content due to its elevated
content of citric acid (225 mg/g), while the other fibres presented similar
concentrations, ranging from 25.0 in peat to 60.6 mg/g in carrot. The distribution of
individual acids in the different samples was variable; however, the main acids were
malic, citric and quinic acid, the former being the major acid in all fibres except for
lemon. In addition, succinic and lactic acid were, together with the organic acids
indicated previously, the only acids found in all the samples. Moreover, we also
report the content of phosphoric acid. Similar to sugars, the organic acid content of
the fibres was lower than that of raw fruits, although the profile was again
maintained [3, 26, 27].

Amino acids.

This was the group of compounds with the lowest content in the fibres, the total
ranging from 1.2 mg/g for pear to 12.5 mg/g for carrot (Table 1). Alanine,
glutamine, aspartic acid, and glycine were the only amino acids found in all the

samples.
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Table 1. Primary metabolites (sugars, sugar alcohols, low molecular mass organic acids and amino

acids) content in fruit and carrot fibre.

acids

Apple Pear Peach Orange flesh
Metabolite
mg/g RSD mg/g RSD mg/g RSD mg/g RSD
Fructose 116426 | 54 | 81.6+18.8 | 3.1 | 5564265 | 3.6 | 66661 | 25
Glucose | 60.9+16.1 | 37 | 403495 | 42 | 42459 | 21 | 4534155 | 43
Galactose 20450 | 71 | 71455 | 64
Sucrose | 38.1417.4 | 51 | 164+7.8 | 42 | 114421 | 67 | 99.84+27.6 | 32
Xylose 18403 | 79 | 08+01 | 81 | 08+01 | 93 | 03+03 | 87
Arabinose | 14404 | 101 | 1.8+04 | 33 | 12404 | 84 | 17+04 | 81
Total 224460 141424 216429 221+45
sugars
Sorbitol 91432 | 36 | 234%51 | 39 | 83+41 | 38 | 05+t01 | 109
e L1503 | 51 | 09401 | 42 | 52+54 | 23 | 141#51 | 38
Inositol
Total
sugar 10.7+3.3 24.245.1 13.6+2 14.7+5.2
alcohols
S“:;gnc 04101 | 103 | 04101 | 96 0.5+0 102 | 06+01 | 101
Malic acid | 53+21 | 32 | 27+05 | 25 9+3.6 35 | 27406 | 20
Citricacid | 3.6+02 | 45 | 43404 | 52 | 61405 | 46 | 83+35 | 64
Quinic acid | 148709 | 32 | 159+1.6 | 2.7 | 385%123 | 85 14.8+1 34
Gluconic 24446 | 5.6 16417 | 78 | 23+1.8 | 7.9
acid
Ferulic acid 0.2+0.4 1.140.1
Phojfig‘)“c 0202 | 124 | 0101 | 79 | 0602 | 89 | 1503 | 98
Lacticacid | 12405 | 67 1241 7.6 1.3+1 82 | 63+78 | 72
Total
organic 28.7+5.7 25.0+1.7 57.7+13.7 37.6+5.6
acids
Alanine 01+01 | 7.8 | 01401 | 96 0.240 9.2 0.2+0 8.7
Valine 034104 | 87 | 03+04 | 69
Glutamine | 05403 | 112 | 03403 | 98 | 08+01 9 0.8+0.1 | 115
AZ‘Z?QUC 0740 | 124 | 0701 | 133 | 080 | 118 | 080 | 95
Serine 1.6£0.8 9.2
Proline 0.1+0 112 | 02402 | 134 | 07402 | 112
Total
amino 1.440.2 1.240.4 4.3+1.3 3.140.6
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Table 1. Cont.

Metabolite Lemon flesh Orange peel | Tang. flesh | Tang. peel | Carrot flesh
mg/g RSD | mg/g | RSD | mg/g | RSD | mg/g | RSD | mg/g | RSD
Fructose 6.5%1.3 4.5 94.0 4.2 24.6 34 89.7 4.5 67.0 34
Glucose 8.312.3 6.7 108 3.1 22.7 4.7 80.2 2.4 29.6 2.7
Galactose 18.7 32 53 5.6 17.4 5.6
Sucrose 3.0£0.2 7.2 66.3 3.2 35.8 5.4 94.1 2.3 145 3.2
Xylose 2.610.3 6.5 0.8 12.2 1.2 10.9 1.1 7.6
Arabinose 0.5%£0.1 9.1 2.5 10.1 0.5 10.3 2.0 9.8 1.4 5.9
Total sugars 21.6+3.5 290 89.1 284 244
Sorbitol 0.5+0 11.2 0.5 7.6 0.4 6.9 0.6 10.1 3.1 5.3
myo-Inositol 2.810.3 3.6 11.6 8.4 4.0 7.4 15.5 4.2 5.6 2.9
Total sugar 3.6+0.3 12.1 4.7 16.5 8.7
alcohols
Succinic acid 0.6+0.3 9.5 0.4 8.9 0.5 7.8 0.5 11.2 3.1 6.3
Malic acid 5.310.8 4.3 1.7 5.6 2.0 3.6 1.8 3.0 5.6 2.5
Citric acid 225126 23 8.5 3.1 7.2 2.7 13.2 3.7 3.9 5.3
Quinic acid 16.810.4 | 4.2 19.5 4.2 12.3 6.7 24.3 4.5 23.8 3.6
Gluconic acid 13.7 32 9.7 2.1 3.2 6.5
Ferulic acid 1.4 1.7
Phosphoric acid | 1.0£0.1 6.7 1.2 10.2 0.1 10.7 0.8 7.9 6.9 9.1
Lactic acid 1.2+0.3 10.7 1.7 11.2 1.6 12.3 2.6 8.3 13.7 5.9
Total organic 250427 48.1 24.6 54.7 60.7
acids
Alanine 0.4%0 10.7 0.2 13.4 0.2 12.5 0.2 9.6
Valine 0.810 7.6 0.6 9.8 0.8 11.0
Glutamine 1.0£0.1 59 0.7 7.4 0.8 6.8 0.7 8.2 11.7 6.5
Aspartic acid 3.5%0.3 7.9 0.8 12.3 0.6 10.4 0.9 11.9 0.7 10.9
Serine 1.7£0.1 10.9 1.4 11.2
Proline 1£0.2 11.7 0.6 12.1 0.2 12.4 1.0 10.5
Total amino 9.8+0.7 2.5 4.7 41 12.5

acids

Mean and SD corresponding to n batches from different origin (n=6 apple fibres, n=5 pear fibres, n=5 peach

fibres, n=6 orange flesh fibres, n=>5 lemon flesh fibres, n=1 orange peel fibre, n=1 tangerine flesh fibres, n=1

tangerine peel fibre and n=1 carrot fibre). RSD of analytical method, expressed in %, corresponding to n=3

samples.
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Fatty acids.

Table 2 shows the total fatty acid content and the saturated fatty acids (SFAs):
monounsaturated fatty acids (MUFAs): polyunsaturated fatty acids (PUFAs) ratio
for the fibres. Figure 1 shows the individual fatty acid distribution for each type of
fibre.

Fatty acids were found in all the fibres, with concentrations ranging from 4.73 to
14.56 mg/g. Tangerine flesh exhibited the highest content (1.47 %), followed by
tangerine peel (1.40%), orange flesh (1.10%), and orange peel (1.00%) fibres (Table
2). Thus the fatty acid content of fibre from flesh was slightly higher than the
corresponding peel fibre. These results could be attributed to the presence of seed
waste in flesh fibre. In contrast, peach and pear showed the lowest fatty acid

content, with values close to 0.5%.

Of note, no great differences in total fatty acid content among batches were
observed. Neither were differences centred on a particular compound. This finding
is consistent with previous studies that described the variation of fatty acid
concentrations and profiles in various cultivars of pear and orange, observing few
differences among them [27, 29].

The flesh and peel of orange and tangerine showed a similar fatty acid profile.
The percentage of SFAs was around 27%, while 73% of unsaturated fatty acids were
distributed between ca. 25% of MUFAs and 45% of PUFAs. Palmitic acid (C16:0)
was the main saturated fatty acid in the SFA profile. Similar percentages of oleic (9c-
C18:1) acid and cis-vaccenic acid (11c-C18:1) were found in citrus fibre. The latter
acid was detected only in citrus fibre. Linoleic acid (9¢c, 12¢-C18:2 (n-6)) prevailed
over a-linolenic acid (9¢, 12¢, 15¢-C18:3 (n-3)) in the PUFA group, particulatly in
tangerine flesh fibre. The percentage of unsaturated fatty acids in orange flesh fibre
(74%) was equivalent to that found in the juice of blood oranges (Arena et al.) The
percentage of MUFAs and PUFAs in fibre from lemon flesh was 12 and 55%,
respectively.
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Table 2. Fatty acid content relative percentage of saturated and unsaturated fatty acids in fruit and

carrot fibre.

Fatty acid composition (%)

Fibre Fatty acid (%)2 | RSD (SrA/MUBA/BUBA) -
Apple (n=6) 0.92 % 0.19 3.9 32/18/50
Peach (n=5) 0.47 £ 0.10 4.5 44/16/39
Pear (n=5) 0.49 + 0.06 4.9 35/26/39
Carrot (n=1) 0.75 6.7 37/7/59
Orange flesh (n=6) 1.10 £ 0.21 3.2 26/32/42
Lemon flesh (n=5) 0.80 £ 0.12 2.1 34/12/55
Tangerine flesh (n=1) 1.46 2.9 24/27/49
Orange peel (n=1) 1.00 3.5 31/23/46
Tangerine peel (n=1) 1.40 48 28/23/49

* Mean and SD corresponding to n batches.

b Percentage of total fatty acid content, namely saturated fatty acids (SFAs), monounsaturated fatty acids
(MUFAs) and polyunsaturated fatty acids (PUFAs).
RSD of analytical method, expressed in %, corresponding to n=3 samples.
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Figure 1. Fatty acid profiles of analysed fibres. Deviations corresponding to n batches n=6 apple, n=5

pear, n=5 peach, n=1 carrot, n=6 orange, n=1 tangerine, n=1 tangerine peel, n=5 lemon and
n=1 orange peel.

The percentage of PUFAs in peach and pear fibre was 39% of the total fatty
acids, where linoleic acid predominated over a-linolenic acid. In contrast, the
percentage of SFAs and MUFAs differed between the two types of fibre. Oleic acid
was the most abundant MUFA, although it was lower in peach than in pear fibre.
Regarding SFAs, palmitic acid was more abundant than stearic acid (C18:0) and
arachidic acid (C20:0). The percentage of unsaturated fatty acids in pear fibre (65%)
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was slightly lower than that previously reported for pear (69 to 77%) [27]. In peach,
the percentage of unsaturated fatty acids can range from 60 to 80%, depending on
the stage of maturity and variety [8]. However, we found a slightly lower percentage
of these fatty acids in peach fibre (56%). Apple fibre held 0.92% of fatty acids, of
which 68% comprised unsaturated fatty acids, with 18% of MUFAs and 50% of
PUFAs. In the PUFA profile, linoleic acid was clearly higher than a-linolenic acid,
while for MUFAs oleic was predominant. Regarding SFAs, palmitic acid was the
most abundant, followed by stearic, arachidic and behenic (C22:0) acids. Carrot fibre
contained 0.75% of fatty acids, the profile of which showed the lowest percentage
of MUFAs (7%) and the highest of PUFAs (59%). Linoleic acid was the main fatty
acid in carrot, accounting for 53.4% of the total fatty acids. Palmitic acid was the
next main fatty acid, accounting for 24.9%, followed by oleic and «-linolenic acids,
with percentages around 5%.

3.2. Secondary metabolites. Phytosterols, triterpenes, fatty alcohols, alkanes,
and carotenoids.

Phytosterols and triterpenes.

Total plant sterols ranged from 0.51 to 1.66 ng/g in the nine types of fibre
studied (Table 3). The highest content was in orange fibre (1.66 ng/g) and the
lowest in pear fibre (0.51 pg/g). B-Sitosterol and stigmasterol were found in all
fibres, the former being the major phytosterol (0.41 to 1.01 pg/g) in all cases.
Campesterol was present only in citrus fibres (Table 3). A comparison of profiles
and contents with the findings of previous studies reveals that the industrial
processing of fruits did not significantly affect the sterol composition of the
resulting fibres. This observation is supported by the fact that cooking does not
affect sterol content when compared with the content of raw samples [12].
Triterpenes were found only in non-citrus fibre and in carrot fibre. In these fibres,
the content of triterpene was higher than that of phytosterol. Ursolic acid, oleanolic
acid, and a-amyrin were identified. The maximum contents were found in apple
fibre, with 42.83 pg/g, followed by pear and peach fibre, with 8.56 and 6.53 pg/g,
respectively. In addition, the predominant triterpene was ursolic acid, followed by
oleanolic acid and «-amyrin. The profiles and contents of these three compounds
are similar to those reported previously in fresh fruit [30-32] and consistent with the
findings of Geana et al. (2014), who described apple pomace as a suitable source of
bioactive compounds such as ursolic and oleanolic acids [33].
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Table 3. Cont.

Tangerine flesh Tangerine peel Carrot flesh
Compound
ne/g RSD ne/g ug/g | RSD | pg/g
Campesterol 0.29 4.7 0.24 0.29 4.7 0.24
Stigmasterol 0.20 35 0.20 35
Total phytosterols 1.15 0.65 0.69
Tricosane (C23) 2.70 5.4 2.42 2.70 5.4 2.42
Pentacosane (C25) 3.06 4.7 3.09 3.06 4.7 3.09
Heptacosane (C27) 0.13 113 0.13 0.13 11.3 0.13
Nonacosane (C29) 3.48 5.6 3.47 3.48 5.6 3.47
Total alkanes 9.36 9.1 10.04

Mean and SD corresponding to n batches from different origin (n=6 apple fibres, n=>5 pear fibres, n=5 peach
fibres, n=6 orange flesh fibres, n=5 lemon flesh fibres, n=1 orange peel fibre, n=1 tangerine flesh fibres, n=1
tangerine peel fibre and n=1 carrot fibre).

RSD of analytical method, expressed in %, corresponding to n=3 samples.

Fatty alcohols and alkanes.

In addition to the compounds described above resulting from apolar extraction,
we also detected fatty alcohols and alkanes in this fraction (Table 3). While alkanes
did not require derivatisation, fatty alcohols did. In fruit, fatty alcohols and alkanes
have been found in the wax, which occurs primarily in the cuticle. The fatty alcohols
identified corresponded to 22, 24, 26 and 28 carbon atoms, with apple fibre showing
the highest value with an average of 8.45 ug/g. Of the citrus fibres, only lemon
presented fatty alcohols. In contrast, alkanes were identified in all the samples, and
the content did not vary greatly among them, ranging between 3.16 pug/g and 10.3
ug/g. The alkanes found in the different types of fibre corresponded to 23, 25, 27,
28 and 29 carbon atoms. The alkanes and fatty alcohols found were similar to those
identified in fruit cuticle [24].

Carotenoids.

In terms of total carotenoid content, catrot fibre showed 22,250 ug/100 g in the
single batch available (Table 4). This concentration is higher than those reported by
Chantaro, Devahastin & Chiewchan (2008) in carrot peel fibre, which showed a
decrease in B-carotene content as a result of thermal degradation during blanching
and drying. We found that B-carotene (11,697 pg/100g) was the major carotenoid in
carrot fibre, followed by high concentrations of a-carotene (6,871 pg/100g). Other
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carotenoids belonging to the carotene group, such as phytoene, phytofluene, and
two isomers of B-carotene (A and B), were also detected, although in lower
concentrations. With regard to the hydroxycarotenoid group, (all-E)-lutein was
found (Table 4). The presence of these carotenoids has been reported in non-
processed carrot [17].

Carotenoid compounds were not detected in lemon flesh fibre. After carrot
fibre, the fibres of orange flesh and tangerine peel showed the highest content of
total carotenoid (4,793 pg/100 g and 10,381 ng/100 g, respectively). The value for
tangerine peel fibre is consistent with previous reports for total carotenoid content
in tangerine peel flour (11,030 pug/100 g) [34]. In contrast, the total carotenoid
content in orange peel fibre is higher than that previously described for orange peel
flour (2,250 pg/100 g )[34]. Peel fibre had a higher concentration of carotenoids
than flesh fibre (Table 4). Hence, the concentration of carotenoids in orange peel
fibre was 2-fold and tangerine 10-fold that of flesh fibre. These findings are
consistent with previous results corresponding to orange fibre [19] and citrus fruits
[35]. The major carotenoids in orange and tangerine fruits are violaxanthin isomers,
(all-E)-lutein, and (all-)-B-cryptoxanthin [15]. In the case of citrus fibre, we found
high contents of (all-E)-B-cryptoxanthin and phytoene, ranging from 394.9 to 774.0
ug/100g and 297.4 to 1,185 pg/100g, respectively. Phytofluene, (all-E)-lutein, (all-
E)-zeaxanthin, a-carotene, and two isomers of 3-carotene (A and B) were present at
lower concentrations. a-Carotene was particularly abundant in tangerine peel fibre
(1,764.0 ug/100g), thus supporting the notion that this compound is present mainly
in peel [36]. The content and profile of carotenoids varied greatly in the six batches
of orange flesh fibre. In this regard, (all-E)-B-Cryptoxanthin, B-carotene, and the
epoxycarotenoids auroxanthin, neochrome and mutatoxanthin showed the highest
variations in content (around 75%). In contrast, (all-E)-lutein, (all-E)-zeaxanthin,
phytoene, and phytofluene showed slight variations (around 20%). It should be
noted that the profile and concentrations of carotenoids depend greatly on the
variety of the orange, the harvesting origin, and climatic factors [37].
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Table 4. Cont

Apple Pear
Carotenoid
ug/100g | RSD | ng/100g | RSD
(all-E)-Lutein 7441247 | 8.6 | 7441247 8.6

(all-E)-B-Cryptoxanthin | 23.3%3.2 | 3.5 | 23.3£32 | 35

B-Carotene 438+24.8 | 8.1 |43.8124.8 8.1
Phytoene 15.5£3.3 | 3.5 | 15.5%£3.3 35
Total carotenoids 157 * 56 133 £ 19

As it is not possible to assign the chiral configuration of the 8 or 8" carbon
in these peaks using UV-vis absorption spectra and MS, they have been
indicated as A, B and C.

Mean and SD corresponding to n batches (n=6 apple fibre, n=5 pear fibre,
n=5 peach fibre, n=6 orange flesh fibre, n=1 orange peel fibre, n=1
tangerine flesh fibre, n=1 tangerine peel fibre and n=1 carrot fibre)

RSD of analytical method, expressed in %, corresponding to n=3 samples.

Special attention should be paid to the stability of some epoxycarotenoids during
industrial processing, which usually leads to a decrease in the removal of
violaxanthin, neoxanthin and antheraxanthin isomers [38]. In this regard, the organic
acids released during the industrial processing of fruit juices decrease the pH enough
to promote rearrangements of 5,6-epoxide to 5,8-epoxide [10]. In this context, we
can explain the presence of auroxanthin (A, B and C) and mutatoxanthin (A and B)
isomers, which are the epoxide—furanoid rearrangement products of violaxanthin
and antheraxanthin, respectively [39] The concentrations of auroxanthin (212.2
ug/100 g) and mutatoxanthin (130.1 ug/100 g) in orange flesh fibre were similar to
those of the most abundant carotenoids described above, while that of
mutatoxanthin and neochrome A in tangerine flesh fibre was 116.4 pg/100 g and
54.2 png/100 g, respectively. However, we would like to point out that the
concentrations of these compounds were highly variable among the six batches of
orange flesh fibre (around 80%). Auroxanthin and mutatoxanthin concentrations in
citrus peel fibre were higher than in flesh fibre, ranging from 1,472 to 3,784 ug/100g
and from 522.5 to 1,829 ug/100g, respectively. The differences in epoxycarotenoid
concentrations between peel and flesh fibre were higher than those found for the
other carotenoids.



212 | Characterisation of primary and secondary metabolites in processed fruit fibres from juice indutry

We also found measurable amounts of carotenoids in peach and apple fibre.
Regarding the total carotenoid content, peach fibre showed values close to 962.1
ug/100g. In contrast, the apple values were around 157.1 pg/100g. The content of
carotenoids in these fruit fibres or similar products has not been described

previously.

In peach fibre the major carotenoids were (all-E)-B-cryptoxanthin and -
carotene, followed by (all-E)-lutein, (all-E)-zeaxanthin, and phytoene. The
epoxycarotenoids auroxanthin (120.8 pg/100g), neochrome (52.9 pg/100g), and
mutatoxanthin (64.5 pg/100g) isomers were also detected. The carotenoid profiles
were similar to those in commercial peach purees previously reported by our group
[21]. The wvariability in the content and profile of carotenoids between the five

batches of peach fibre was very similar to that shown by orange flesh fibre.

In contrast, the major carotenoid in apple and pear fibre was (all-E)-lutein (74.4
ug/100g and 50.2 ug/100g in apple and pear fibres, respectively). B-Carotene, (all-
E)-B-cryptoxanthin, and phytoene were also present in these fibres.

In general, the carotenoid content in the fibres is consistent with that described
for non-industrially processed products, and the width of carotenoid range is
comparable with that of other processed products such as juices, purees, and jams.
This study is the first to report on epoxycarotenoids in a by-product obtained from
fruit. The content of these compounds, which are labile in acid media and high
temperature, may provide a measure of the quality of the industrial processing of the
fibres, keeping the valuable anti-oxidant compounds [18].

4. Conclusions.

Here we characterised the primary and secondary metabolites of nine batches of
processed fibres from the juice industry

namely apple, peach, pear, orange peel
and flesh, tangerine peel and flesh, lemon flesh, and carrot. Regarding primary
metabolites, we observed that, after the juicing process, the fibres maintained
significant amounts of sugars and organic acids. In general, the industrial process did
not greatly affect the original profile of metabolites present Thus, the profile of
sugars and organic acids in the fibres resembled that of the fresh fruit. Furthermore,
the fatty acid profiles were unchanged in the fibres after processing. Moreover, the
fatty acid content of the fibres ranged from 0.5 to 1.46%, thus indicating that these
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compounds are present in amounts sufficient to influence the organoleptic
properties of these by-products.

Comparing the profiles and contents of the six tested fibres with the findings of
previous studies on fresh fruits, we found that the processing of fruit to prepare
juice and purees does not significantly affect secondary metabolites or minor
compounds such as sterols or alkanes in the resulting fibres [12, 31]. Of note was
the content of bioactive compounds, such as ursolic and oleanolic acids, in apple
fibre. Among the nine industrially processed fibres addressed, carrot fibre showed
the highest content of carotenoids, followed by orange and tangerine fibre. The
carotenoid profile of the fibres was found to be similar to that of the corresponding
fruit and vegetable. This is the first study to determine the epoxycarotenoids
resulting from the rearrangements of 5,6-epoxide to 5,8-epoxide in fibres generated
in the juice industry. The presence of epoxycarotenoids may reflect the quality of the
industrial processing of the fibres, thus giving added value to the by-product.
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3.3. Analysis of primary metabolites and phenolic compounds to
authenticate monovarietal fruit juices.
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Authentication of fruit juices is a challenge for an industry that is growing fast
and expanding. This chapter focuses on two of the objectives of this thesis; the first
one is the authentication of monovarietal fruit juices, the second one is to address
the effect of fruit processing to obtain high quality monovarietal juices. In the first
chapter, an approach was made to study the carotenoid content and profile of
freshly made and commercial monovarietal juices. This study included two industrial
monovarietal peach juices, Spring Lady and Miraflores, and also three industrial
monovarietal pear juices, Alejandrina, Conference and Blanquilla, and their
corresponding fresh fruits. To authenticate and characterise the fruits from different
cultivars, several techniques have been applied [1]. The objective in this study was to
compare and combine the results obtained using NMR (primary metabolites) and
UPLC-PDA-MS (phenolic compounds) with the goal to ascertain whether these
analytes allow the differentiation of peach puree and pear juices of different varietal
cultivars while simultaneously assessing the possibility of applying the developed

methodology to fresh fruit and industrially manufactured juices and purees.

Most of the studies to authenticate fruits are based on multivariate statistical
analyses used to evaluate the information obtained from an analytical technique [2].
Chemometric tools have been used to determine the addition of foreign materials,
to differentiate among different juice commodities or even to evaluate geographical
origin of a juice [3, 4]. In this study, NMR spectroscopy and chromatographic data
were evaluated by PCA in combination with suitable preprocessing. PCA allows to
find combinations of variables that explain the variance present in a data set. For
each principal component (PC), every sample has a score, and every variable has a
loading that represents its contribution to the combination.

The results of this study have been submitted to Food Contro/ and are part of the
project “Study of a new cold extraction process for the production of fruit juices
and purees and monovarietal authentication” (2009-2013).
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ABSTRACT

Here we authenticated single-varietal peach purees and pear juices on the basis of
primary metabolite and phenolic compound analysis by 1H-NMR and UPLC-PDA-
MS/MS, respectively. After suitable preprocessing, the 1H-NMR and
chromatographic data were evaluated by PCA, both separately and pooled. The PCA
of phenolic compounds allowed better cluster separation than of primary metabolites.
The PCA of primary metabolites allowed the cluster separation of purees of distinct
peach varieties but not between processed and non-processed purees. For pear juices,
both PCA approaches allowed satisfactory discrimination of Alejandrina, Conference,
and Blanquilla cultivars. The PCA of combined data of primary metabolites and
phenolic compounds improved the separation of the clusters in all cases, permitting
the discrimination of processed and non-processed peach purees. This approach may
help better control of cultivar authenticity in fruit products. Consequently, it may
contribute to the development of a process to achieve products marked by a

characteristic quality of a given cultivar.
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1. Introduction.

Peach and pear are two of the most widespread fruit crops in Southern Europe.
Consequently, the production of processed products (fruit juice, jam, nectar...) is an
important industrial activity in this region. Peach flavor (3.7%) ranks fourth in the
juices and nectars most consumed in the EU, behind orange (38.5%), mixtures of
flavors (19.9%), and apple (13.3%). Pear is included in the 21% of other flavors
consumed, although it is noteworthy that in countries such as Italy pear accounts for
market shares of up to 12.5% [1]. To attract consumers, producers tend to be highly
innovative when offering new products. Indeed, they have recently developed single-
varietal juices. Juices are valuable commodities then is necessary to control through
the juice analysis the economic fraud, for example adding a co-fruit, a less expensive
fruit or the juice of a fruit that is easier to find [2-4]. In this context, the production
of monovarietal juices do further opportunities for fraud, while increasing difficulty
in detection, then novel methods to control its authenticity are welcome and
interesting for consumers . In this regard, knowledge of the chemical composition of
each cultivar and the effect of blending can contribute to the production of processed
products with a controlled quality.

To authenticate and characterize fruit cultivars, several techniques have been
applied, such as liquid chromatography[5], gas chromatography[6], near infrared
spectroscopy|7], nuclear magnetic resonance|3, 8, 9], and mass spectrometry[8]. These
techniques allow the analysis of various metabolites, such as amino acids, organic
acids, sugars, phenolic compounds, and carotenoids. NMR and LC-PDA-MS are
especially suitable for the analysis of food and drink, since both have excellent
reproducibility and generally have minimum sample preparation requirements. NMR
spectroscopy has been used to analyze primary metabolites (amino acids, organic
acids, and sugars), while LC-PDA-MS has been successfully applied for the analysis
of phenolic compounds in fruit samples [10-12].

Several studies have addressed the characterization and classification of peach
cultivars on the basis of their phenolic profile [13-15]. Also, NMR has been applied
to compare two varieties of peach with distinct resistance to pests [16]. Moreover,
pear cultivars have been described on the basis of their phenolic profile, mainly their
flavonol glycoside composition [17-19]. For peach and pear juices, the effects of the
different processing steps on compounds have also described [20-23].
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Here we sought to compare and combine NMR for primary metabolites and
UPLC-PDA-MS for phenolic compounds in order to ascertain whether these analytes
allow the differentiation of the cultivars used for peach puree and pear juice. This
approach could enhance the control of cultivar authenticity in fruit products. Hence,
the method could contribute to the development of processes devoted to the
preparation of products with a characteristic quality of a given cultivar.

2. Material and methods.
2.1 Chemicals.

Methanol (MeOH) and acetone (HPLC grade purity) were supplied by J.T. Baker
(Deventer, The Netherlands). The chromatographic solvents were acetonitrile (ACN)
(LC-MS grade), also from |].T. Baker, and water, purified in a Milli-Q system from
Millipore (Bedford, MA, USA). The chromatographic eluent additive was acetic acid
(HAc) (LC-MS grade), provided by Fluka (Sigma-Aldrich, Madrid, Spain), and formic
acid (HFor) and hydrochloric acid 37% (analytical grade), supplied by Merck. Sodium
hydroxide was from Panreac (Barcelona, Spain) and ascorbic acid from Acros
(Pittsburgh, PA, USA). Citric acid, malic acid, quinic acid, fructose, glucose, sucrose,
and amino acids were supplied by Fluka.

The phenolic standards (+)-catechin, (—)-epicatechin, procyanidin B1, procyanidin
B2, arbutin, eriodictyol-7-O-rutinoside, naringenin-7-O-rutinoside, naringenin,
hesperetin-7-O-rutinoside,  quercetin-3-O-galactoside,  quercetin-3-O-glucoside,
quercetin-3-O-rhamnoside, quercetin-3-O-rutinoside, kaempferol-3-O-rutinoside,
and isorhamnetin-3-O-rutinoside were supplied by Extrasynthese (Genay, France).
Arbutin, gallic acid, phlotetin-2'-O-B-glucoside, 5'-caffeoylquinic acid, caffeic acid, p-
coumaric acid, ferulic acid, and sinapic acid were purchased from Sigma—Aldrich
Chemie (Steinheim, Germany). All stock standard solutions of phenolic compounds
were prepared in methanol and stored at —80°C. Working solutions were prepared
from stock solutions by sampling an aliquot and diluting it with the injection solvent

(0.1 % acetic acid aqueous solution).
2.2. Samples.

Six commercial peach purees (Prunus persica) of Spring Lady and Miraflores
cultivars and their corresponding fresh fruit were provided by a local fruit juice
company (Zucasa, Fraga, Spain). Peaches were stoned and four pieces were
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homogenized in a blender (Grindomix GM 200; Retsch, Haan, Germany) at 5000 rpm
for 2 min. Ascorbic acid (ca. 10 g/kg) was added to prevent oxidation in this blending
step. The same company provided six pear juices derived from Alejandrina,

Conference, and Blanquilla cultivars.

The following codes were assigned to the peach puree samples: FB: Freshly
blended; C: Commercial; SL: Spring Lady cultivar; and M: Miraflores cultivar. An
ending number was added to indicate the batch number (from 1 to 6 peach purees).

The following codes were assigned to the pear juice samples from the distinct
cultivars: AJ: Alejandrina juice; CJ: Conference juice; and BJ: Blanquilla juice. An
ending number was added to indicate the batch number (from 1 to 6 pear juices).

2.3. Sample preparation.

Samples for the NMR analysis: 45 g of juice or puree was clarified by centrifugation
(13500 x g, 30 min, Hettich EBA 21). Maleic acid was added as internal standard at a
concentration of 15 g/I.. The supernatant was adjusted to pH 6.5 by addition of
NaOH (5 M, 1 M and 0.1 M). The samples were passed through a 0.22-um PTFE

filter prior to recording the spectrum.

Samples for the UPLC analysis: 2 g of juice or puree was centrifuged at 30,400 x g
(Hettich Eppendorf Centrifuge MIKRO 22 R; Germany). 0.5 mL of the supernatant
was diluted 1:2 with Milli-Q water (acidified at 0.1%, v/v with acetic acid) and passed
through a 0.22-um PTFE filter. Solutions were kept at 6°C until UPLC analysis. All

solvents contained ascorbic acid (0.2 % w/v).
2.4 'H NMR analysis.

A volume of 600 pL of the sample (from juice or puree samples) and 100 uL. of
D20 were introduced into an NMR tube with an outer diameter of 5 mm. One-
dimensional spectra were recorded on a Varian AS 400 spectrometer operating at
400 MHz. The following acquisition parameters were used: spectral width 6402 Hz;
relaxation delay 15 s; number of scans 128; acquisition time 4.09 s; and pulse width
90°. Experiments wete catried out at 25°C. The recycle delay between scans was set
to 571 of the malic acid, the longest value of T1. T relaxation time was determined
using the inversion recovery pulse sequence. This procedure ensured complete
relaxation of the molecules present in the fruit juices and of the internal standard from
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the NMR signals. Spectra were Fourier-transformed and weighted with a Gaussian

function. Baseline correction was applied across the whole spectral range.
2.5 UPLC analysis.

UPLC-PDA-FLR parameters.

Ultra performance liquid chromatographic analysis was performed on a Waters
ACQUITY UPLC™ system (Waters, Milford, MA, USA) consisting of an ACQUITY
UPLC™ binary solvent manager and ACQUITY UPLC™ sample manager, coupled
to a photodiode array detector ACQUITY UPLC™ PDA and fluorescence detector
ACQUITY UPLC™ FLR. Compounds were separated with an ACQUITY UPLC™
HSS T3 column (1.8 pm; 2.1 mm x 150 mm) (Waters, Manchester, UK) using a
mobile phase consisting of solvent A, H>O (0.1% v/v HAc), and solvent B, ACN
100% (0.1% v/v HAc). The flow rate was 0.55 mL/min. The linear gradient was as
follows: 0-1.89 min, 1% B, (isocratic); 1.89-17.84 min, 30% B, (lincar gradient);
17.84-21.39 min, 5% B, (linear gradient); 21.39-21.56 min, 1% B, (linear gradient);
and 21.56-25 min, 1% B, (isocratic). Weak and strong needle solvents were HoO
(0.1% v/v HAc) and MeOH, respectively. The injection volume was 20 pL in full
loop mode, and the temperature in the column was kept at 45°C and that in the sample
injector at 10°C.

Tables were built by noting chromatographic peak areas of the following phenolic
families measured at specific wavelengths: 320 nm for hydroxycinnamic acids; 283 nm
for flavanones; 285 nm for hydroquinone; and 340 nm and 350 nm for flavonols
(isothamnetin, kaempferol and quercetin glycosides). Fluorescence values for flavan-
3-ols were measured at 310 nm (Ax=280).

UPLC-MS/MS parameters.

MS analysis was cartied out on a Waters ACQUITY TQD tandem quadrupole
mass spectrometer (Waters, UK). The instrument was operated using an electrospray
source (ESI) in positive and negative ion mode. The following ESI parameters were
used: capillary voltages of 3.5 kV and -2.5 kV in positive and negative mode,
respectively; the source at 150°C; desolvation temperature at 500°C; cone gas
(nitrogen) flow of 50 L/h; and desolvation gas flow of 800 L/h. Flow injections of
each individual standard were used to optimize the cone voltage and Multiple
Reaction Monitoring (MRM) parameters. Collision-induced dissociation was achieved
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using argon at a flow rate of 0.15 mL/min in the collision cell. MS conditions of
standard compounds with same aglycone were applied to identify compounds for
which standards are not available. MassLynx 4.1 software (Waters, USA) was used for

data acquisition.
2.6. Chemometric analysis.

Chemometric analysis was performed using Statgraphics Centurion X VI Version:
16.2.04 (StatPoint Technologies, Warrenton, Virginia, USA). Correlation analysis was
carried out to determine the relationships between the main components. We used
Principal Component Analysis (PCA) as the projection technique for the multivariate
analysis of data.

3. Results and discussion.
3.1. 'TH NMR and chemometric analysis of primary metabolites.

'H NMR analysis of the peach puree and pear juices detected primary metabolites.
In this regard, sugars, organic acids and amino acids were the metabolites present in
high concentrations in fruits. A pH of 6.5 was selected on the basis that it gave the
best resolution among the signals of the main compounds along the 'H spectrum.
The signals of these compounds were identified in the 'H spectrum by means of their
diagnostic signals [16] and confirmed through spiking experiments with standards.
The characteristic signals of alanine (ALA)(3-CH3) and asparagine (ASP)(3, 3-CHo)
were also identified in the 'H spectrum as free amino acids. Table 1 shows the
chemical shifts of the signals of the metabolites selected. Maleic acid (2 x «-CH) at 6.2
ppm was used as internal standard. To assess the suitability of this acid as an internal
standard for the compounds chosen, a pear juice sample was fortitied with the sugars,
organic acids, and amino acids at various concentrations. The behavior of all the
compounds was linear over the range, thereby confirming that maleic acid at a
concentration of 15 g/L is a suitable internal standard for fruit samples. The ratio
between the metabolite signal area and signal area of maleic acid at 6.2 ppm was used
to build the PCA model.
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Table 1. Summary of the "H NMR signals for the spectra of pear and peach used for the statistical

analyses.
Compound Assignment H (ppm Hz)
Alanine (ALA) §-CHs 1.49
Quinic acid (QA) CH»>-1,1’; CH-5,5 1.7
Citric acid (CA) o,y-CH 2.3
Asparagine (ASP) 8, 8-CH» 2.7
B-Glucose (BGLC) CH-2 2.95
B-D-Fructopyranose(FRU) CH2-6,6’ 3.85
Malic acid (MA) 8, B-CH> 4.1
a-Glucose (@GLC) CH-1 4.95
Sucrose (SUCR) GLC CH-1 5.15
Maleic acid (IS) 2CH 5.9

The abbreviation for each compound is shown in brackets.

The PCA was applied to determine the main sources of variability present in data
sets and to establish the relation between samples (objects) and primary metabolites
(variables). The weight of variables was normalized by the ratio of their standard
deviation in the data set. In both models, the first two PCs (PC1 and PC2) plotted
were selected to provide the highest variation of data objects (PC1 and PC2 explained
43% and 33% of the information for peach purees and 60% and 24% for pear juices,

respectively).

The scores of the data presented in the PCA bi-plot (Figurel) for peach purees
showed a moderate separation through PC1 between the Miraflores (M) and Spring
Lady (SL) cultivars in both commercial (C) and freshly blended (FB) purees. The
loadings of the variables used in the model reveal that the separation was on the basis
of citric acid (CA) and asparagine (ASP) against sucrose (SUCR), quinic acid (QA)
and malic acid (MA) (Pearson correlation -0.68, p<<0.05). The weight in Spring Lady
(SL) of citric acid (CA)) and asparagine (ASP) were higher than in Miraflores (M). In
contrast, sucrose (SUCR) and quinic acid (QA) weights were higher in Miraflores (M).
PCA scores did not show a separation between commercial (C) and freshly blended
(FB) peach purees of either cultivar. The information in the PCA model was
consistent with previous results, which showed no effect of fruit processing on the
primary metabolites detected by 'H NMR in the juices.[24].
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Figure 1. PCA bi-plot of peach purees with primary metabolites as statistical variables. FB: Freshly

blended, C: Commercial, SL: Spring Lady cultivar, and M: Miraflores cultivar. Ending number
is the batch number. PC1: 43%, PC2:33%.

The scores in the PCA bi-plot displayed results largely consistent with the origin
of the pear cultivar, discriminating the 18 pear juice batches in three groups, namely
Alejandrina (AJ), Blanquilla (B]) and Conference (CJ) (Figure 2). The juice scores
showed a clear separation in PC1 between Blanquilla (BJ) and Alejandrina (AJ) and
Conference (CJ) and in PC2 between Alejandrina (AJ) and Blanquilla (BJ). The
loadings of the variables in the plot show that the separation along PC1 is described

by differences in acid content. In this case, the PC1 revealed a strong correlation of

organic acids and amino acids (Pearson correlation between 0.70-0.92, p<0.05) and
the samples with high acid content belonging to the Blanquilla (B]) cultivar. In

contrast, the separation on PC2 was based on the strong negative correlation between

sucrose (SUCR) and glucose (¢ GLC and BGLC).
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Figure 2. PCA bi-plot of pear juices with primary metabolites as statistical variables. AJ: Alejandrina
juice, CJ: Conference juice, and BJ: Blanquilla juice. PC1: 60%, PC2: 24%.

3.2. Chemometric analysis of phenolic compounds determined by UPLC-
PDA-FLR-MS/MS.

Table 2 summarizes the chromatographic, UV-vis, and MS parameters used for
determination of the phenolic compounds in the samples. Identification of these
compounds in fruit juices and purees was done on the basis of available standards and
other tools that are useful to identify the maximum number of peaks, such as product
ion mass spectrometry experiments and the chromatographic behavior and UV-Vis
absorption spectra, together with published data on the main phenolic compounds in
the fruit addressed, were used for identification purposes. We confirmed the
structures of the phenolic compounds detected using the molecular ion and
fragmentation pathways of MS. Caffeoylquinic and p-coumaroylquinic acids were
identified in the derivatives of both fruits. The isomers 3, 4 and 5 of p-
coumaroylquinic and caffeoylquinic acids were distinguished on the basis of the
product ion spectra from [M-H| and relative intensities of their ions. The
characteristic ions wetre 191, 173 and 163 m/z in p-coumaroylquinic acid isomers and
191,179 and 173 m/z in caffeoylquinic acid isomers[25]. Flavan-3-ols were identified
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from the standards and confirmed in the samples on the basis of their characteristic
fragmentation ions. Fluorescence response allows a more selective and sensitive
integration of compounds (Aex=280; Aem=310 nm). Flavonoids are a widespread family
of phenolic compounds, and we had access to at least one standard of each of the
major families present in the fruits addressed. UV-Vis and mass spectra of these
standards provided an effective tool to distinguish the aglycone family and allowed us
to identify the flavonoids present. To tentatively identify the compounds for which
standards were not available, we followed the practical guidelines for the
characterization of glycosyl flavonoids by triple quadrupole MS|[26, 27]. Also, studies
reporting the flavonoid profiles of the fruits addressed here were useful [15, 17, 28,
29]. In peach purees, glycoside flavonols with the aglycones quercetin and kaempferol
were identified, which have the characteristic fragments 303/301 for quercetin
glycosides and 287/285 for kaempferol glycosides in positive and negative mode,
respectively. Moreover, flavonol glycosides belonging to isorhamnetin aglycone were
detected in pear juices, which presented the fragment 317/315 due to the loss of sugar

in positive and negative mode, respectively.

Table 2. The chromatographic, UV-vis, and MS parameters of the phenolic compounds identified in
the samples.

Rit uv [M-H]- Relative abundances of main CE
(n.li‘n) Compound max | /[M+H]* ions detected from MS/MS of
(nm) | (m/z) [M-H]-/[M+H]* V)

Hydroquinone 3-D-
2.53 glucopyranoside ot 283 271/273 -/108(100), 95 (18) 20
Arbutin? (Arb)

Protocatechuic aldehyde
5.85 monoglucuronide b 268 313/315 175/ 20
(ProCat-glu)

3-Caffeoylquinic acid b | 240,

6.45 B 20| 353/355 _/191 (100), 179 (2), 171(1) 20
7]- b
7.02 Coumaroyl-hexose® | 3¢ 325/327 163/ 20
(Cou-hex)
R 291(100), 409(88), 427(64),
7.8 | Proaanidin LT o7g 1 2g9/201 247(64), 301(64) /407(100), 20
) 289(63), 425 (34)
5-Caffeoylquinic acid + | 240, 163(100), 145(62), 135(20),
796 (5-Caf-qui) 36 | 323/3% 117(20)/191 (100), 179 (94) 20
822 | (+)-Catechins (Caty |278 | 289/291 139(100), 123(47), 20

147(22)/203(100), 109(94), 125(84)

The abbreviation used for each compound is shown in brackets.

*Identification on the basis of the UV-vis spectrum and specific mass fragments of the standard compounds.
b Tentative identification on the basis of the UV-vis spectrum, MS, and HPLC/UHPLC retention times and
published data.
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Table 2. Cont

Rit uv [M-H]- Relative abundances of CE
m1n Compound max | /[M+H]* main ions detected from o
(min) (nm) (m/z) MS/MS of [M-H]-/[M+H]* (V)
4-Caffeoylquinic acid > (4- | 240,
8.43 Caf-qui) 326 353/357 -/173 (100), 179(67),191(32) 20
291(100), 409(88), 427(64),
9.23 | Procyanidin-B22 (Pro-B2) | 278 577/579 247(64), 301(64) /407(100), 20
289(63), 425 (34)
5-p-Coumatroylquinic acid® | 235,3
9.47 (5-p-Cou-qui) 1 337/339 -/191(100), 163(22) 20
139(100), 123(47),
9.88 (-)-Epicatechin * (Epi) 278 577/580 147(22)/203(100), 109(94), 20
125(84)
Quercetin-3-O-rutinoside * | 255,
12.49 (Q-rug) 353 609/611 303(100)/300(100) 30
Quercetin-3-O-galactoside * | 255, 303(100), 153(26)/300(100),
12:59 (Q-gal) 353 463/465 271(27), 255(19) 3
Quercetin-3-O-glucoside® | 255, 303(100), 153(26)/300(100),
12.82 (Q-glu) 353 463/465 271(27), 255(19) 30
Kaempferol 3-O-rutinoside | 265,
13.64  (Korut) 347 593/595 287/- 30
Isorhamnetin-3-O- 254,
138 robinioside P (Iso-rob) 352 623/625 317/- 30
Isorhamnetin-3-O- 254,
13.98 rutinoside * (Iso-tut) 352 623/625 317/- 30
Isorhamnetin-3-O- 254,
14.12 galactoside? (Iso-gal) 352 477/479 317/- 30
Isorhamnetin-3-O- 254,
14.38 glucoside ® (Tso-glu) 352 477/479 317/- 30
Isorhamnetin 3-O-
1505 malonygalactoside b (Iso- éS;;, 563/565 317/- 30
malgal)
Isothamnetin 3-O-6"- 254
15.36 | malonygalactoside > (Iso- 352’ 563/565 317/- 30
6"-malgal)

The abbreviation used for each compound is shown in brackets.

*Identification on the basis of the UV-vis spectrum and specific mass fragments of the standard compounds.
b Tentative identification on the basis of the UV-vis spectrum, MS, and HPLC/UHPLC retention times and
published data.

A mix of standard compounds with one standard of each family (arbutin (Arb), 5-
caffeoylquinic acid (5-Caf-qui), catechin (Cat) and quercetin-3-O-glucoside (Q-glu))
was injected once every ten injections to control stability during the injection set. The
areas of all peaks selected in the chromatograms of samples were normalized against
the area of the corresponding standard of the same family of compounds injected in
the sample set. The ratios of the peaks were then put into a table and used to build
the PCA models. The weight of variables was normalized by the ratio of their standard
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deviation in data set. Scores and loadings in the bi-plots obtained in the PCA model
were used to determine whether the phenolic compound profiles of each juice sample
was sufficient to distinguish between the juice of pear varieties and between the puree

of peach varieties, as well as to identify markers for each variety.

In the model built from the chromatograms of peach purees, the first two PCs
(PC1 and PC2) were selected to provide the highest variation of data objects (42%
PC1 and 32 % PC2). The scores of the PCA bi-plot (Figure 3) produced a moderate
separation through PC1 of the commercial (C) and freshly blended (FB) purees of
both the Miraflores (M) and Spring Lady (SL) cultivars. The loadings of the variables
in the plot show that the separation was based on flavonol glycosides (Q-gal, Q-gluc,
Q-rut and K-rut) against the other phenolic compounds (Pearson correlation between
-0.68, -0.12, p<0.05). The separation between the cultivars was better in commercial
(C) purees than in freshly blended (FB). The sample of freshly blended Miraflores
puree from batch four (FB-M-4) was crossed in PCA model with samples of
Commercial Spring Lady puree (C-SP). The FB-M-4 sample already showed lower
separation in the PCA model by NMR. This observation could be attributed to the
fact that sampling is never as thorough in a fruit batch as in a juice batch because the
latter includes a homogenization step. In contrast to the former model with primary
metabolites, this new model produced separation between commercial (C) and the
freshly blended (FB) peach purees. Separation between these two types of commercial
(C) and freshly blended (FB) purees was performed along PC2. Freshly blended
samples (FB) samples showed a greater concentration of phenolic compounds than
commercial samples (C). These results are in accordance with the degradation of
phenolic compounds during the thermal and blending steps of fruit processing.|[20,
23, 30].
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Figure 3. PCA bi-plot of peach putees with phenolic compounds as statistical variables. FB: Freshly
blended, C: Commercial, SL: Spring Lady cultivar, and M: Miraflores cultivar. Ending number
is the batch number. PC1: 42%, PC2: 32%.

The scores of the PCA bi-plot for pear juices (Figure 4) showed an improved
separation over the model of primary metabolites obtained by 'H NMR. In the model
built from the phenolic compounds constituents of pear juices, isorhamnetin 3-O-
malonygalactoside and Isorhamnetin 3-O-6"-malonygalactoside b (Iso-6"-malgal)
were not included because they are not present in the juice of the C variety. In the
model plotted, the first two PCs explained 96% of the information contained in the
data (71% PC1 and 25% PC2). The hydroxycinnamic acids (3-Caf-qui, 5-Cat-qui, 4-
Caf-qui) were strongly correlated among them and with arbutin (Arb), also in PC1
they were correlated with isorhamnetin glycosides (Iso-rut, Iso-gal, Iso-glu). In
contrast, quercetin galactoside and glucoside (Q-gal and Q-glu) were anti-correlated
with hydroxycinnamic acids (3-Caf-qui, 5-Caf-qui, 4-Caf-qui) through PC1, which
allowed the separation of Alejandrina (AJ]) from the other two cultivars. The negative
correlation between isorharmnetin glycosides (Iso-rut, Iso-gal) and quercetin
glycosides (Q-gal and Q-glu) in the PC2 allowed the separation between the Blanquilla
(BJ]) and Conference (CJ) cultivars.
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Figure 4. PCA bi-plot of pear juices with phenolic compounds as statistical variables. AJ: Alejandrina
juice, CJ: Conference juice, and BJ: Blanquilla juice. PC1: 71%, PC2: 25%.

3.3. Combination of IH NMR and UPLC-PDA-FLR-MS/MS chemometric
analysis.

The PCA models of peach puree and pear juices (Figure 5 and 6) were built by
combining data of primary metabolites and phenolic compounds, in order to evaluate
the improvement in separation obtained. In both models, the first two PCs provided
the highest variation of data objects (PC1 and PC2, respectively, accounting for 37%
and 22% of the information for peach purees, and 58% and 32% for pear juices).

The scores of the PCA bi-plot combination for peach purees (Figure 5)
substantially improved the separation with respect to the separate models for primary
metabolites and phenolic compounds. The separation was achieved through PC1
component between the Miraflores (M) and Spring Lady (SL) cultivars both
commercial (C) and freshly blended (FB) purees. Only the outlier FB-M-4 continued
to be separated from the other samples of freshly blended puree from Miraflores
cultivar.



Authentication of monovatietal juices by primary metabolites and phenolic compounds analysis| 237

4 [T T T T_]
B mC-M-2 uC-M-5 7
mC-MaG-M-4

2 - . wc-1474-C af-qui -

~ L ASE C-M-6 -

R L -
c 3-Caf-qui

e [ cA i ]

O 0 [ eFEst ¢ —

Q. | wFB-SL-6 l?‘(':Br\J |

g | BGLUC /{ 5-Caf-qui h

FB-SL-5

O [ . Syl —

-2 - wFB-SLgFB.SL3 MA . —

L . 4

i Q-glu K-ru?-gal )

'4 [ 1 ! ! . ! ] L

-3.3 -1.3 0.7 2.7 4.7 6.7

Component1

Figure 5. PCA bi-plot of peach purees with primary metabolites and phenolic compounds as statistical
variables. FB: Freshly blended, C: Commercial, SL: Spring Lady cultivar, and M: Miraflores
cultivar. Ending number is the batch number. PC1: 37%, PC2: 22%.

The loadings of the variables in this plot showed that the separation was based on
asparagine (ASP) and citric acid (CA) against sucrose (SUCR), quinic acid(QA),
epicatechin (Epi), catechin (Cat) and various hydroxycinnamics acids (Pearson
correlation between -0.68 and -0.12, p<0.05). The inclusion of the phenolic
compounds in the primary metabolite model allowed the separation of commercial
(C) and freshly blended (FB) purees.

Regarding the pear juices (Figure 6), the PCA bi-plot combination improved the
density of scores of juice from the Blanquilla cultivar, but did not affect the separation

obtained in the previous models. Indeed, the three cultivars were separated along the
PC1.
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Figure 6. PCA bi-plot of pear juices with primary metabolites and phenolic compounds as statistical
variables. AJ: Alejandrina juice, CJ: Conference juice, and BJ: Blanquilla juice. PC1: 58%,
PC2: 32%.

4. Conclusions.

Our present study shows the approach of authenticate single-varietal peach purees
and pear juices on the basis of primary metabolites and phenolic compounds. The
PCA of primary metabolites, from "H-NMR data, allowed the discrimination between
the peach varieties and pear varieties, but not allowed discriminate between processed
and non-processed purees. On the other hand, PCA approaches from phenolic
compounds analyzed by UPLC-PDA-MS/MS disctiminated between vatieties in
peach purees and pear juices and also permitted discriminate between processed and
non processed peach purees. The PCA combined data of primary metabolites and

phenolic compounds improved the separation of clusters in all cases.
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Abbreviations used.

'H-NMR, hydrogen nuclear magnetic resonance; UPLC-PDA-MS/MS, ultrahigh-
performance liquid chromatography coupled with a photo diode array and a tandem
mass spectrometer detectors; PCA, principal component analysis; LC-PDA-MS,
liquid chromatography coupled with a photo diode array and a mass spectrometer
detectors; MeOH, Methanol; ACN, acetonitrile; HAc, acetic acid; HFor, formic acid;
FB, Freshly blended; C, Commercial; SL, Spring Lady cultivar; M, Miraflores cultivat;
AJ, Alejandrina juice; CJ, Conference juice; BJ, Blanquilla juice; IS, internal standard;
ALA, alanine; QA, quinic acid; CA, citric acid; ASP, asparagine; BGLC, B-glucose;
FRU, B-D-fructopyranose; MA, malic acid; «GLC, a-glucose; SUCR, sucrose; Arb,
Hydroquinone B-D-glucopyranoside or Arbutin; ProCat-glu, Protocatechuic aldehyde
monoglucuronide; 3-Caf-qui, 3-Caffeoylquinic acid; Cou-hex, Coumaroyl-hexose;
Pro-B1, Procyanidin-B1; 5-Caf-qui, 5-Caffeoylquinic acid; Cat, (+)-Catechin; 4-Caf-
qui, 4-Caffeoylquinic acid; Pro-B2, Procyanidin-B2; 5-p-Cou-qui, 5-p-
Coumaroylquinic acid; Epi, (-)-Epicatechin; Q-rut, Quercetin-3-O-rutinoside; Q-gal,
Quercetin-3-O-galactoside; Q-glu, Quercetin-3-O-glucoside; K-rut, Kaempferol 3-O-
rutinoside; Iso-rob, Isorhamnetin-3-O-robinioside; Iso-rut, Isorhamnetin-3-O-
rutinoside; Iso-gal, Isorhamnetin-3-O-galactoside; Iso-glu, Isorhamnetin-3-O-
glucoside;  Iso-malgal, Isothamnetin  3-O-malonygalactoside; Iso-6"-malgal,
Isorthamnetin 3-O-6"-malonygalactoside.
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APPENDIX A. supplementary data.

Phenolic compounds chromatograms.

Table S-1 UV max of the phenolic compounds identified in the samples.

Peak number Compound UV max (nm)
1 Hydroquinone 3-D-glucopyranoside or Arbutin 2 (Arb) 283
2 Protocatechuic aldehyde monoglucuronide ® (ProCat-glu) 268
3 3-Caffeoylquinic acid b (3-Caf-qui) 240, 326
4 Coumaroyl-hexose b (Cou-hex) 316
5 Procyanidin-B1# (Pro-B1) 278
6 5-Caffeoylquinic acid # (5-Caf-qui) 240, 326
7 (+)-Catechin * (Cat) 278
8 4-Caffeoylquinic acid b (4-Caf-qui) 240, 326
9 Procyanidin-B22 (Pro-B2) 278
10 5-p-Coumaroylquinic acid b (5-p-Cou-qui) 235,312
11 (-)-Epicatechin * (Epi) 278
12 Quercetin-3-O-rutinoside * (Q-rut) 255, 353
13 Quercetin-3-O-galactoside * (Q-gal) 255, 353
14 Quercetin-3-O-glucoside * (Q-glu) 255,353
15 Kaempferol 3-O-rutinoside * (K-rut) 265, 347
16 Isorhamnetin-3-O-robinioside b (Iso-rob) 254, 352
17 Isorhamnetin-3-O-rutinoside # (Iso-tut) 254, 352
18 Isorhamnetin-3-O-galactoside ® (Iso-gal) 254, 352
19 Isorhamnetin-3-O-glucoside > (Iso-glu) 254,352
20 Isorhamnetin 3-O-malonygalactoside b (Iso-malgal) 254,352
21 Isorthamnetin 3-O-6"-malonygalactoside b (Iso-6"-malgal) 254, 352
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TH NMR Spectra.

Table S-2. Assignment and identification of the '"H-NMR selected signals and their shifts.

Signal number Compound Assignment 1H (ppm)
1 Alanine (ALA) 3-CHs 1.49
2 Quinic acid (QA) CH»-1,1’; CH»-5,5’ 1.7
3 Citric acid (CA) o,y-CH 2.3
4 Asparagine (ASP) 8, -CH» 2.7
5 B-Glucose (BGLC) CH-2 2.95
6 B-D-Fructopyranose(FRU) CH»-6,6’ 3.85
7 Malic acid (MA) 8, -CH» 4.1
8 a-Glucose («GLC) CH-1 4.95
9 Sucrose (SUCR) GLC CH-1 5.15
10 Maleic acid (IS) 2CH 5.9
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Figure S-3. '"H NMR spectra of freshly blended peach purees. Numbered according the table S-2.
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Figure S-4. '"H NMR spectra of commercial peach purees. Numbered according the table S-2.
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Figure S-5. "H NMR spectra of commercial pear juices. Numbered according the table S-2.



248 | Authentication of monovarietal juices by ptimary metabolites and phenolic compounds analysis

istical analysis.

Stat

20¢-150¢ QSH £oson], ut (g0'0>d) spunodwoo uesgrudis pjoq uy

60'T €9°C- 98°C- ShT- 99°Z- LO'T 90-dT1'L -y
171- 97°C- L8'T- 09~ 08°¢- v0°C- LOHEY'6 n3-9
0L'1 L8'T- 6L'¢- 19°C vhp- 6¢°1- 90-HEY'L 1e3-0
€67C S1'T 9¢°1- 17°€ 0r't 6v'1 €0-H6T'1 dg
Ly ¥8'1 95°¢- T ¥0'1- Ly'T LO-HE0T LiZe)
$6°01 87T 6LY- €10l 801~ 2 60-HILT 1d-01d
€T 96'T 601" 68's YL'T 66'C 80-d01'l | mb-yeDp
T 60'1 12T 90T LT 681 80-d.z'1 | mb-yed-¢
S0'1 crl- 81°1- 6T'1 €Tl 91 20-dS11 | mb-yed-¢
1T1 60'1 LTUT- Sh'1 1N ¢C'1 20-H9¥'1 vO
111 871~ 1A% 1l €T'1- ST CO-HSEY VIN
65°C- LT T LTT 1N S6°1- 90-H90'1 VO
LLT- 91’1 S0°C 7Tl Sh'1 W SO-HTY'E dsv
611" Srl- €0'1 STT- S0'1- 801" 20-490C | ONTIO9
701 80°1- 1l Tl YTl Ul 20-HY6b ndAq
91 €0'1- ST ch'1 201" 8h'1 Y0-HTy 1 gons

([xsaunl sa | ([1sdunl sa | (Imdunl sa | ([1sdaunl sa | (adunl sa | ([1sdl sa

[Wwavnl) 04 | [1sdD) 04 [1s4l) 04 [mal) 04 wal) o1 | [wdD oa d punodwo)

sojduwres 203nd yorad uo ‘G((:330-1Md anfea-d vaouy Aemdu() *¢-§ e,




Authentication of monovatietal juices by primary metabolites and phenolic compounds analysis| 249

Table S-4. One way Anova p-value cut-off:.0.05, on pear juice samples.

Compound P FC ([Alej] vs FC ([Alej] vs FC ([Blanq] vs
[Blanq]) [Conf]) [Conf])

SUCR 1.68E-10 -1.83 -4.44 -2.43
aGLUC 4.09E-05 1.75 1.49 -1.17
bGLUC 4.54E-03 1.62 1.22 -1.33
FRUCT 7.30E-03 -1.24 1.10 1.37
ASP 4.36E-08 -3.38 -1.30 2.61
MA 4.33E-04 -1.55 -1.07 1.44
QA 3.93E-08 -1.33 2.16 2.89
ALA 5.18E-06 -1.67 1.55 2.58
Arb 3.25E-10 2.28 1.86 -1.22
ProCat-glu 1.64E-15 2.70 5.22 1.93
3-Caf-qui 4.02E-13 3.01 3.81 1.26
Cou-hex 6.40E-20 3.56 11.44 3.21
5-Caf-qui 2.88E-04 1.39 1.44 1.03
4-Caf-qui 1.32E-13 2.92 3.30 1.13
Pro-B2 3.21E-10 2.44 2.52 1.03
Epi 8.23E-10 2.40 2.63 1.10
Q-rut 3.35E-10 1.22 9.08 7.46
Q-gal 9.36E-11 -1.97 1.39 2.74
Q-glu 1.12E-07 -1.76 -1.00 1.75
Iso-rob 4.26E-12 5.24 3.23 -1.62
Iso-rut 4.66E-11 6.33 1.60 -3.96
Iso-gal 7.60E-15 5.81 1.52 -3.83
Iso-glu 3.14E-13 3.73 -1.27 -4.75

In bold significant compounds (p<0.05) in Tuckey HSD post-hoc analysis
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Venn Diagram Report

Experiment : NMR-Peach
Active entity list : All Entities
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Figure S-6. Venn diagram report of primary metabolites peach
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Venn Diagram Report

Experiment : Poly-Peach
Active entity list : Oneway ANOVA p cut-off = 0.05
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Figure S-7. Venn diagram report of phenolic compounds in peach
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An UPLC-PDA-MS/MS analytical method that allows the simultaneous
determination of epoxycarotenoids, hydroxycarotenoids and carotenes in
monovarietal freshly made and industrially processed fruit juices was developed. Up
to 27 carotenoids were tentatively identified in apple, peach and pear products, based
on chromatographic retention time, UV-vis absorption spectra and MS/MS. This
study is the first to describe the separation of epoxycarotenoids by UPLC and greatly
improves the previously reported HPLC methods to analyse the carotenoids present
in fruit or fruit products [1,2]. Simultaneously various solvents and mixtures of
solvents were tested, showing methanol extraction the maximum level of extraction
of carotenoids.

The method developed was applied to freshly squeezed juices of several apple
varieties to assess its capacity to distinguish between monovarietal juices, and to study
the changes in the carotenoid profile in commercial and freshly made monovarietal
fruit products (peach purees and pear juices). The complex carotenoid profile of
freshly squeezed apple juices was similar than described previously for fresh fruit [3],
and the method allowed characterise and differentiate 6 varieties of apple cultivars.

The carotenoids of freshly blended peach purees and commercial peach purees
were identified and quantified [4]. We found that the 5,6-epoxycarotenoids are the
main carotenoids defining the profile in the freshly made samples, while they did not
appear in the commercial samples. Comparing the content of violaxanthin isomers, it
was higher in the freshly blended puree, whereas the content of auroxanthin epimers
(derived from violaxanthin isomers) was higher in the commercial juices. Neoxanthin
isomers and antheraxanthin rearrangements exhibited the same behaviour, promoting
the presence of neochrome epimers and the mutatoxanthin epimers, respectively.
These differences can be attributed to the processing time and the temperature used
for pasteurisation that increase isomerisation of 5,6- to 5,8-epoxides in the presence
of acid media [5, 6]. Comparing freshly blended purees and commercial purees, the
relative ratios of the other carotenoids such as hydroxycarotenoids and carotenes,
remained unaltered. It is important to note that C-carotene was tentatively identified
and quantified, becoming the first time that this carotene has been reported in peach
samples.

An UPLC-PDA-MS/MS analytical method that allows the simultaneous
determination of several chlorophyll and derivatives was developed. Up to 48
chlorophylls and derivatives were identified, based on chromatographic retention
time, UV-vis absorption spectra and MS/MS combining APCI and ESI ionisations.
The method allowed the proper separation of the chlorophyll detivatives obtained
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from demetalitation, dephytilation, decarbomethoxylation, epimerisation and
coppetisation in less than 12 min. This study is the first to describe the sepatration of
all these chlorophyll derivatives by UPLC and greatly improves the previously
reported HPLC methods [7-10]. This improvement is due to greater peak efficiencies
obtained by UPLC and the use of ionic pairing and HSS T3 column to resolve the
zone of dephytylated and chlorin compounds.

The method developed was applied to assess the fate of chlorophylls in processed
vegetable products. First, the method was used to analyse various tea types to assess
the capacity of the analytical method to distinguish between them and their level of
processing. Several publications have described the profile of chlorophyll derivatives
in tea [11, 12, 13], but an accurate description of the amount of chlorophyll and their
derivatives to be used as quality indicator has not been achieved so far. Here we
observed the different grade of processing between commercial common teas against
luxury teas, since the content of chlorophylls and their derivatives was higher in the
teas from specialty shops. In addition, an approach to differentiate among varieties of
tea such as, Matcha, Sencha, Silver Needle, Kenya and Pur-Eh showed encouraging
results.

Secondly, the developed methodology has also been applied in other samples
obtained from green vegetables, such as purees, jams, juices and other vegetable
products. Contrary to happened in the tea samples in any of the samples were detected
chlorophylls or chlorophyllides. This can be in accordance with publications
describing an almost complete conversion of chlorophyll to pheophytinized
derivatives during prolonged heat treatments in acidic conditions[15]. In these
samples were determined mainly pehophytin, pheophorbides and pyro derivatives
thereof. Although not stated in the ingredients, several of the products analysed in
the study presented copper pheophytins typical from the coloring E-141 (i), such as
Cu-pheophytins, Cu-pyropheophytins, Cu-pheophorbides and Cu-
pyropheophorbide [16].

In the second chapter, the thesis focuses on the characterisation of in processed
fibres from the juice industry. The nine selected fibres were apple, peach, pear, orange
peel and flesh, tangerine peel and flesh, lemon flesh and carrot. In a first approach,
the study focuses on the phenolic compounds. The content of phenolic compounds
was determined in nine industrially processed fibres derived from the juice industry.
In addition, to allow the comparison of the profiles and contents in the fresh fruit
and fibres, extractable and bound phenolic compounds were analysed in lyophilized
peel and pulp from fresh fruit.
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A different behaviour was observed when comparing industrial fibres with
lyophilized peel and flesh, depending on the family of compounds assessed. The
phenolic profiles in fibres were found to be consistent with those in the lyophilised
material from fresh fruits. In contrast, the content of flavan-3-ols in fibres was lower
than in lyophilized peel and flesh in non-citrus fruits. These results could be attributed
to the degradation of flavan-3-ols during processing [17, 18]. In citrus fruits, lemon
showed significantly lower concentrations of phenolic compounds in fibres than in
peel and lyophilised flesh. These findings were consistent with the significantly greater
content of 5-hydroxymethylfurfural (5-HMF) in lemon fibres, which can be explained
by degradation caused by the temperature reached during processing [19]. In addition,
we examined bound phenolic compounds remaining in solid residues. Bound
phenolic acids and bound proanthocyanidins differed in behaviour depending on the
origin of the fibre or the lyophilised material. In the citrus and carrot fibres, the
concentration of condensed tannins was considerably lower than in the other fibres,

confirming the results previously reported in bibliography [20].

In a second approach, in the study were analysed the content of primary and
secondary metabolites in nine types of industrially processed fibres derived from the
juice industry. Regarding primary metabolites, the sugar content ranged from 21.6
mg/g in lemon to 290 mg/g in orange peel and lower mass organic acid content
ranged from 25.0 mg/g in pear to 250 mg/g in lemon. The content and profile of
fatty acids were constant during fibre processing, ranging from 0.5 to 1.46%. In
general, the industrial process did not greatly affect the original profile of primary
metabolites present. The processing of fruit to prepare juices and purees does not
significantly affect some secondary metabolites or minor compounds such as sterols
or alkanes in the resulting fibres [21, 22]. Total plant sterols ranged from 0.51 to 1.66
ug/g in the nine types of fibre studied. The highest content was in orange fibre (1.66
ug/g) and the lowest in pear fibre (0.51 ug/g). B-Sitosterol and stigmasterol were
found in all fibres, being the major phytosterol (0.41 to 1.01 pg/g) in all cases.
Triterpenes were found only in non-citrus fibre and in carrot fibre. The predominant
triterpene was ursolic acid, followed by oleanolic acid and a-amyrin, and the maximum
contents were found in apple fibre. The profiles and contents of these three
compounds are similar to those reported previously in fresh fruit [23, 24] and
consistent with the findings of Geana et al., who described apple pomace as a suitable
source of bioactive compounds such as ursolic and oleanolic acids [25].

In terms of total carotenoid content, catrrot fibre showed the highest value in the
single batch available. After carrot fibre, the fibres of orange flesh and tangerine peel
showed the highest content of total carotenoid. The content and profile of
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carotenoids varied greatly in the six batches of orange flesh fibre. It should be noted
that the profile of carotenoids depend greatly on the variety of the orange, the
harvesting origin, and climatic factors [26]. The major carotenoids in orange and
tangerine fruits are violaxanthin isomers, (all-E)-lutein, and (all-E5)-3-cryptoxanthin
[6, 27]. In the case of citrus fibre, we found high contents of (all-E)-B-cryptoxanthin
and phytoene. Phytofluene, (all-E)-lutein, (all-E)-zeaxanthin, a-carotene, and two
isomers of B-carotene (A and B) were present at lower concentrations. a-Carotene
was particularly abundant in tangerine peel fibre, supporting the notion that this
compound is present mainly in peel [28]. In addition, neochrome, auroxanthin and
mutatoxanthin were also found in substantial quantities. We can explain the presence
of auroxanthin and mutatoxanthin isomers, which are the epoxide—furanoid
rearrangement products of violaxanthin and antheraxanthin, respectively [29]. In this
case, the organic acids released during the industrial processing of fruit juices decrease
the pH enough to promote rearrangements of 5,6-epoxide to 5,8-epoxide [5].

In the third chapter, we authenticated single-varietal peach purees and pear juices
on the basis of primary metabolites and phenolic compounds analysis by 'H-NMR
and UPLC-PDA-MS/MS, respectively. NMR spectroscopy has been used to analyze
primary metabolites (amino acids, organic acids, and sugars), while LC-PDA-MS has
been successfully applied for the analysis of phenolic compounds in fruit samples [30-
32]. After suitable pre-processing, the 'H-NMR and chromatographic data were
evaluated by PCA, both separately and pooled. The PCA of primary metabolites, from
H-NMR data, allowed the discrimination between the peach cultivar varieties
(Miraflores and Spring Lady) and pear cultivar varieties (Alejandrina, Conference, and
Blanquilla), but not allowed discriminate between processed and non-processed
purees. On the other hand, PCA approaches from phenolic compounds analyzed by
UPLC-PDA-MS/MS discriminated between varieties in peach purees and pear juices
and also permitted discriminate between processed and non processed peach purees.
The PCA combined data of primary metabolites and phenolic compounds improved

the separation of clusters in all cases.
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The main conclusions drawn from the studies presented in this Doctoral Thesis

can be summarised as follows:

1.

The developed UPLC-PDA-MS/MS method allows the determination of up
to 27 carotenoids compounds simultaneously. The determination in less
than 17 min of epoxycarotenoids (including 5,6 and 5,8 isomers),
hydroxycarotenoids and carotenes in freshly made and industrially processed
fruit juices has been described for first time.

The carotenoid extraction method developed (included saponification step)
provided good recoveries and excellent repeatability. Different solvents and
solvent mixtures were tested to assess extraction efficiencies on lyophilised
material. Methanol provided the highest carotenoid extraction capability.

The carotenoid profile of freshly made fruit products is dominated by 5,6-
epoxycarotenoids. However, they do not appear in the processed samples

where an increase of 5,8-epoxycarotenoids is observed.

The UPLC-PDA-MS/MS method developed in this Thesis allows to
determine up to 48 chlorophyll derivatives. The simultancous separation of
the chlorophyll derivatives resulting from demetalitation, dephylitation,
decarbomethoxylayion, epimerisation and coppetisation is achieved using a
ternary gradient in less than 13 min.

The analysis of chlorophyll derivatives was applied to assess the degree of
processing in different teas. The applied method allows the differentiation
between common and luxurious commercial teas and among tea varieties.

The analysis of chlorophyll derivatives was also applied to study the
quantities of pheophytins, pheophorbides and pyro derivatives in processed
green fruit and vegetable products. Simultaneously, the developed UPLC-

PDA-MS/MS method allowed the detection of food Cu-chlorophylls in
various samples.

The phenolic profiles of nine processed fruit fibres from the juice industry
were determined by UPLC-PDA-FLR-MS/MS, identifying and quantifying
40 phenolic compounds in these fibres. In addition, bound phenolic acids in
the residue were measured by HPLC-PDA and also bound
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10.

11.

12.

13.

proanthocyanidins in the same residue were determined by a colorimetric
assay, both of them after being extracted through hydrolysis.

In general, the phenolic profiles of fibres were consistent with those related
in the literature for fresh fruit. However, the comparison of fibres with
lyophilised peel and flesh from fresh fruit was more complex. The phenolic
content and degradation behavior depended on the type of fruit and its
processing, as well as on the family of phenolic compounds assessed.

Given the health benefits of phenolic compounds, and based on our
findings about their phenolic profiles, we conclude that the fibres from fruit
and vegetable by-products can provide high added value as ingredients for
the food manufacturing industry.

Non-volatile primary and secondary metabolites (such as: sugars, sugar
alcohols, low molecular weight organic acids, amino acids, fatty acids
phytosterols, triterpenes, fatty alcohols, alkanes and carotenoids) were
characterised in nine processed fruit fibres from the juice industry. To
identify and quantify these metabolites instrumental techniques as GC-MS,
GC-FID and UPLC-PDA-MS/MS were applied.

The metabolite profiles of fibres were consistent with those related in the
literature for fresh fruit and fruit juices. The content of primary metabolites,
as well as some secondary metabolites as phytosterols and triterpens was
little affected by the process used to obtain fibres. In contrast, the level of
carotenoids was highly affected, in terms of content and profile, during the

processing.

We authenticated monovarietal peach purees and pear juices on the basis of
primary metabolite and phenolic compound analysis by 'H-NMR and
UPLC-PDA-MS/MS, respectively. After suitable preprocessing, 'H-NMR
and chromatographic data was evaluated by PCA, both separately and
pooled.

The PCA of primary metabolites allowed the discrimination between peach
varieties and pear varieties, respectively. But did not allow discriminating
between industrially processed and non-processed purees. On the other
hand, PCA approach for phenolic compounds discriminated between
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varieties in peach purees and pear juices as well as between processed and
non-processed peach purees. The combined PCA data for primary
metabolites and phenolic compounds improved the separation of clusters in
all cases. This approach may help to better control the cultivar authenticity
in fruit products. Consequently, it may contribute to the development of a
process to achieve commercial products with the characteristic quality of a
given cultivar.
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Appendix I. Abbreviations used in this Doctoral Thesis.

3-Cat-qui
4-Caf-qui
5-Cat-qui
5-p-Cou-qui
ACN

AJ

ALA
APCI
API
APPI
AQC
Arb

ASP
BHT

B
BSTFA
C

CA

Cat

Chlid

S
Cou-hex
DAGs
DCM
DEEMM
DMF
DNS

EI

ELSD
Epi

ESI

EU

FAB
FAMEs

3-Caffeoylquinic acid

4-Caffeoylquinic acid

5-Caftfeoylquinic acid
5-p-Coumaroylquinic acid

Acetonitrile

Alejandrina juice

Alanine

Atmospheric pressure chemical ionisation
Atmospheric pressure ionisation
Atmospheric pressure photo-ionisation
6-Aminoquinolyl-N-hydroxysuccinimidyl carbamate
Hydroquinone B-D-glucopyranoside or Arbutin
Asparagine

Dibutylhydroxytoluene or butylated hydroxy toluene
Blanquilla juice
N,O-Bis(trimethylsilyl)trifluoroacetamide
Commerical

Citric acid

(+)-Catechin

Chlorophyllide

Conference juice

Coumaroyl-hexose

Diacylglycerols

dichloromethane

Diethyl ethoxymethylenemalonate
Dimethylformamide

Dansyl chloride

Electron ionisation

Evaporative light scattering detector
(-)-Epicatechin

Electrospray ionisation

European union

Fast atom bombardment

Fatty acid methyl esters
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FAs
B
FID
FLD
FMOC
FRU
GC

GCxGC

HAc
HFor
HMF
HPLC
HR-MAS
iPrOH

IS
Iso-6"-malgal
Iso-gal
Iso-glu
Iso-malgal
Iso-rob
Iso-rut
IT

K-rut

LC

LOD
LOQ

M

MA
MAE
MAGs
MALDI
MDG
MeCN
MeOH
MEOX

Fatty acids

Frehly blended

Flame ionisation detection

Fluorescence detector
9-Fluorenylmethylchloroformate
B-D-fructopyranose

Gas chromatography

Two dimensional gas chromatography or comprehensive gas
chromatography

Acetic acid

Formic acid

5-(Hydroxymethyl)furfural

High performance liquid chromatography
High-resolution magic angle spinning
Isopropanol

Internal standard

Isorhamnetin 3-O-6"-malonygalactoside
Isorhamnetin-3-O-galactoside
Isorhamnetin-3-O-glucoside
Isorhamnetin 3-O-malonygalactoside
Isorhamnetin-3-O-robinioside
Isorhamnetin-3-O-rutinoside

ion trap

Kaempferol 3-O-rutinoside

Liquid chromatography

Limit of detection

Limit of quantitation

Miraflores

Malic acid

Microwave-assisted extraction
Monoacylglycerols

Matrix assisted laser desorption ionisation
Millennium developed goal

Acetonitrile

Methanol

Methoxyamine hydrochloride



MES
MRM
MS
MS/MS
MSTFA
MTBE
MUFA
NFC
NIR
NMR
NP
OPA
PC
PCA
PDA
PITC
PLE
Pro-B1
Pro-B2
ProCat-glu
PTFE
PUFA

Q
QA
Q-gal
Q-glu
QQQ
Q-rut
Q-TOF
RFC
RID
RP
RSD
S
SCC

2-(N-morpholino)ethanesulfonic acid
Multiple Reaction Monitoring
Mass spectrometry

Tandem mass spectrometry
N-Methyl-N-(trimethylsilyl)
Methyl-fert-butyl ether
Monounsaturated fatty acids
Juice not from concentrate
Near infrared spectroscopy
Nuclear magnetic resonance
Normal phase
O-phthaldialdehyde

Principal component
Principal component analysis
Photodiode array detector
Phenylisothiocianate
Pressurised liquid extraction
Procyanidin-B1
Procyanidin-B2

Protocatechuic aldehyde monoglucuronide

Polytetrafluoroethylene
Polyunsaturated fatty acids
Q-bands

Quinic acid
Quercetin-3-O-galactoside
Quercetin-3-O-glucoside
Triple quadrupole
Quercetin-3-O-rutinoside
Quadrupole-time of flight
Reconstituted from concentrate
Refractive index detector
Reversed-phase

Relative standard deviation
Soret

Sodium copper chlorophyllin
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SFA
SFE
SIM
SL
SPE
SUCR
TAGs

TAHS

THF
TMS
TPC
Tris-HCl
UAE
UF
UPLC
uv
UV-Vis
aGLC
BGLC

Saturated fatty acids

Supercritical fluid extraction

Selected ion monitoring

Spring Lady

Solid phase etraction

Sucrose

Triacylglycerols
p-N,N,N-trimethylammonioanilyl N'-hydroxysuccinimidyl
carbamate iodide

Tetrahydrofuran

Trimethylsilyl

Total phenolic content
Tris(hydroxymethyl)aminomethane hydrochloride
Ultrasound-assisted extraction

Ultrafiltration

Ultra-performance liquid chromatography
Ultraviolet

Ultraviolet-visible

a-glucose

B-glucose
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Balcells, and Ramon Canela-Garayoa. "Characterisation of phenolic compounds
in processed fibers from the juice industry." Food Chemistry 172 (2015) 575-584.
DOI: 10.1016/j.foodchem.2014.09.071.

Antoni Delpino-Rius, Jordi Eras, Alexis Marsol-Vall, Francisca Vilar6é, Merce
Balcells, and Ramon Canela-Garayoa. '"Ultra performance liquid
chromatography analysis to study the changes in the carotenoid profile of
commercial monovarietal fruit juices." Journal of Chromatography A 1331 (2014)
90-99. DOI: 10.1016/j.chroma.2014.01.044

MANUSCRIPTS SUBMITTED

Characterisation of primary and secondary metabolites in processed fruit
fibres from the juice industry. Antoni Delpino-Rius, Jordi Eras, Francisca Vilaro,
Miguel Angel Cubero, Merce Balcells, and Ramon Canela-Garayoa. Submitted to
Food Composition and Analysis.

A fast and reliable UPLC method to assess the fate of chlorophylls in
processed vegetable products.. Antoni Delpino-Rius, Diana G. Cosovanu, Merce

Balcells, Jordi Eras, Ramon Canela-Garayoa. Submitted to Journal of Chromatography
A.

Combined analysis of primary metabolites and phenolic compounds to
authenticate commercial monovarietal peach purees and pear juices. Antoni
Delpino-Rius, Jordi Eras, Merce Balcells, and Ramon Canela-Garayoa. Submitted to
Food Control.
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Characterization of antioxidant compounds in fruit fibers. Delpino-Rius, A,
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Metabolome characterization in fruit and fruit fibers with hyphenated mass
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