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Preface
The present PhD thesis has been the work of three years of research oaratifdsmsed omthree

publishedoaperspnesubmitted works under revieand some rigoublished yet result3heresearch
projecthas beemwlivided irto three parts strictly connectéaleach other. The firgtartfocuses on the
development of new quantitative methods for phytoestrogens analysis in coffee. This yielded the
conent characterization of these moleculegh healthy effectsin the whole coffee chain, from
green been to cufd.hank to our resulisother bioactive compounds can be monitored for studying
the quality of coffee. The second p#&tmore oriented onapplied investigation for studying the
influence of different variables on espresso coffee extrg@iomg at lowering the amount of coffee
used. Lowering the amount of R&G coffean lead, in the long run, to a more sustainable
consumption, by reducing tteanount of the raw material and the endproducing less amount of
waste while maintaining the same quality of beverdge. last part of my research has been more
closely associated tihis concept adding value to coffee silverskin, a coffee industrial residue, by
studying its odoactive compoundshus, he research on aroma compound characterization can be
interesting for food industry leading to innovative applications and original reukiée gaerating

less amount of residués disposh






Abstract

The PhD project was divided into three main parts. The first part aimed to develop and optimize
efficient and simply methods for the quantification of nine phytoestrogens ingpffen, and three
lignans in ground and espresso coffee (EC), using HMISIMS. For this purpose, different
extraction processes, i.e., acid and base hydrolysis, enzymatic hydrolysis, organic solvent extraction,
and a combination of these, have been stldibe best performing procedures, in term of recovery

and quantitative data, were chosen, validated and finally applied to different samples coming from
diverse geographical origins. The final objective was to characterize the content of these compounds
in the whole coffee chain, from green beans to cup. The second part concerned the optimization of
espresso coffee extraction, by modifying some machine variables aiming to produce a good quality
espresso coffee, lowering the amount of coffee powder usespoesso preparation. The variables
under study were the particle size distribution (PSD) of roast and ground (R&G) coffee, the design
of the filter basket and the height of perforated disc. The EC quality was investigated from chemical
point of view andit concerned the total solids (TS) analysis and the quantification of caffeine,
chlorogenic acids and trigonelline. In addition, some analysis on volatile fraction were also
performed. The third part of the project focused on promoting and adding vaoket® silverskin

(CS) in the perspective of its application in the food industry. The work aimed to characterize the
odoractive compounds in CS and compare them with those present in coffee beans. The
characterization of aroma fraction was carried outgag chromatographgifactometry/flame
ionization detector (GE/FID) and by comparing the odors and odorants with those found in coffee
beans. The identification was carried out by comparing with reference compounds the retention index
and the odor qualit Finally, for unequivocal identification, after fractionation, the samples were
analysed into comprehensive tdonensional gas chromatograpimass spectrometry (GCxGC

MS). Moreover, the Aroma Extract Dilution Analysis (AEDA) was performed to assepstiecy

of each odors/odorants.



Regarding the phytoestrogen characterization, we found two enzymatic digestions, i-diastase
(Method 3.16EC) and takaliastase (Method-R&G), as the most performing processes for lignan
extraction fromespresso and R&G coffee, respectively. Secoisolariciresinol was the lignans present
at the highest concentration in espresso (82.9 ug L-1) and in R&G coffee (84:257.8 ug kgl).
Moreover, the extraction yield of lignans revealed that they are aboogtletely extracted during
coffee percolation. For green coffee matrix, the best performing process was M&kad double
extraction composed of base hydrolysis in MeOH and enzymatic digestion witldiclstase and

we found that lignans (total comie 286.58131.8 ug kgl) were more abundant than isoflavones
(total content: 3.4800.0 ug kgl). Our studies on espresso coffee optimization showed higher levels
of TS, caffeine, trigonelline and chlorogenic acids for reference samples (ECs extractetxeaith
particles) and for 20800 um mesh size, when standard filter (A) was set in the machine. By
decreasing the amount of R&G coffee, similar TS levels and contents of bioactive compounds to
standard condition, were obtained for reference compoundsb@stefilter baskets, in term of
guantitative data, were A and B and the study on perforated discs suggested that using lower amount
of ground coffee permits to obtain the same extraction yield increasing the height of perforated disc.
From our investigatins on CS, four volatile compounds were identified for the first time in coffee.

In detail, 4methyloctanoic acid and trads5-epoxy(E)-2-decenal were characterized in coffee
beans and silverskin, whiledtetyt2,3,4,5tetrahydropyridine and-tethyt2-methoxyphenol only

in coffee beans. The highest flavour dilution (FD) factors in CS were obtained for furaneol, 2
methoxy4-vinylphenol and Znethoxyphenol and, moreover, other typical coffee aroma volatiles
were found, e.g.,-furfurylthiol, 2,3-butanedioe, vanillin, 2isobutyt3-methoxypyrazine, etc. Some
aromas, such as furaneoln#thoxy4-vinylphenol, vanillin, transt,5-epoxy(E)-2-decenal, 2
acetyll-pyrroline and 2Zacetylpyrazine, occurred with similar FD factors in CS and coffee beans.
Our studis demonstrated that CS contains an interesting-actore compound fraction with high

similarity to coffee beans.









1. Introduction
1.1 Coffeeand coffee word
Coffee is adaily part of ourfood habits an@ur sociallife. Drinking habits together with authentic

processing angreparation methodsepresent andharacterize typicalcoffee cultureNowadays,

with a more and more increasing demand of a tgghlity food producs, coffee should be
considered, and sometimi¢éss considereda highquality artisanal foodike wine. This aspect has
beenstrongly developedwith the advent of specialty coffealso calledgourmetcoffeg that has
coincided with both an increase in urban growth and the regular appearance of affordaids
(Lannigan, 2019How t h e f cisborhedandbeconte papulas still not clearThe early

forms of the word in English (coffee), in French (café), in German (kaffe) and in Italian (caffé)
indicate a derivation from Arabic and/or TurkigBnline Etymology Dictionar, n.d.) Various

theories have beenrimulated but no writteavidence has been foundwho and wher@eoplehave

staredto use this word. Often, the word dated back to Arabidother times to African language.

In the 1% Century, the Arabic wordi b u rfbai) was used for both the coffee tree and its $ruit
Coffee fruitisc al | ed A k a hlivhastbeen daimkd thabtheowdidk a hva o i n  Ar al
altered versi on of(kahve)anfThrkish is uséddtoe thevdionk tiabreveetl by e e
boilingt hi s pl| aFmMAKSr beams| anguage c afily s the Etdgopiann a me
region of Sohawhich is considered the motherland of coffee plant and the first centre of coffee

production( Y € | ma-Zek, &56zHi,r2017)

1.2 Coffee trade
Coffee is one of the most consumed beverages in thiel \&od it is also an important agricultural

product ofthe international trad@isticevic, Carasek, & Pawliszyn, 200@)ccording to recent data
of thelnternational Coffee Organization (ICQhe global coffee consumption from 2018 to 2649
reached 165 million of 60 kg bagBhe American countries have been the largessumers with
about 62 million of 60 kg bags, with the North Ameracathe tog30 million of 60 kg bags). Europe
came after America with a consumptiohabout 54 million of 60 kg bag# the last year, the main

producng countries have been the Brawiith about 63 millionfollowed by Vietnam (31 million),
10



Colombia (14 million) and Indonesia (9 million). The productiomrabica coffee slightly increased
from 2017 to 2018 while the®busta showed a markagtremeni(International Coffee Organization,
2019b) In fact, some recent projectiomms coffee markethave revealed a reduction of arabica
producton but an increment of robusta for the next year, 28020 (International Coffee

Organization, 2019a)

1.3 Coffee plant
The coffee plants belong Rubiaceadamily, genusCoffea More than 100 species are parCofffea

genus(The Plant List 2013, 201%ut only two, i.e.,Coffea arabical. (arabica) andCoffea
canephoraPierre ex AFroehnefrobusta) are responsible of 99% of global coffee produ¢@bam,
ReardorSmith, Mushaq, & Cockfield, 2019)The original geographical origins Gfoffeagenus is
restricted to tropical humid regions of Africa and islands in the West Indian Ocean. In detall,
originally arabica was a shrub living in the undergrow of the forests of the southwest of Ethiopia and
north of Kenya at elevation between 1300 and®®. Robusta originated from the humid lowland
foress of tropical Africa (Folmer, 2017)Coffee is a perennial plant and evergreen in nature. It has a
prominent vertical stem with shallow root systetne tfeeder roots of arabica coffee penetrate
relatively deeper into the soil whereas robusta has feeder roots concentrated very close to the soil
surface.Coffee leaves are opposite decussate on suckers. The leaves appear shiny, wavy, and dark
green in colo with conspicuous veins. The inflorescence is a condensed cymose type subtended by
bracts. Coffee is a short day plamencethe floral initiation takes place in short day conditions-of 8

11 h of day light. Pollination takes place withirn@fter floweing. The fruit is a drupecalled cherry

or berry, usually fleshy, containingenerally two seeds (coffee beans) but sometimes only one and

in that case,the fruit assumesa rounder shape and it is known as -peay (Ghosh &
Venkatachalapathy, 2014j varies in size but very little in shape. Its colour varies from yellow to
black thoughit is mostly orange to redSeeds are elliptical or egghged and the seed coat is

represented by the silverskillurthy & Madhava Naidu, 2012; Teketay, 1999)
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1.4 Harvesting processes
Several factors, related to the types of land, economic reasons, types of coffee, distribution of cherry

maturiiesand size of farm, influenaie way of pickingThe harveshg processes can be generally
classified under manual and mechahidhe manual method is the oldesid the gatherers ¥ato
handy pick thecherries from the coffee branch&sis manual technique required in difficult lands
with steep slope wherg is impossible the usef large machinesindit is preferred also when a
selective harvesting is a requiremesince the gathererscan select, for instangeonly the ripe
cherries. Multiple batched picking are necessary to pick all fruttsfarm and this makes the process
labarious andexpensiveMechanical harvesting is preferred by laogenpanyto take advantage of
flat land but needs big investments for equipment. However, growers can sheostand later

on canamortisethe expenseBy higherefficiency andreduction oflabour costWith this methoga
sorting of ripe and unripe cherries is reqads$b avoid the negative influence on resulting coffee.
There are other wayof picking, such as stripping and the use of vibrating mechanical fingers. The
strippingis characterized blgandpulling out the berries, which can be at various Safieipeness
from each branchandthe resulting crops can contain unripe, ripe and dried fifedtsthis reasora
series of separation steps are necegsancrease the quality thhe productiorsystemsThe picking
with the vibrating mechanical fingetis a mebanical stripping thaemploysa small machine
equipped with an engin®r finger movements Eventually, there are some new developments to
facilitate the picking likeas byusingvibration ringsapplied to the tmk, which lightly shake the
plants,and using vacuum pump to select ripe cherries andk uit from the branch. These machines
still need to be miniaturized and theost reduced to be affordable by growarsl smallholders.

(Folmer, 2017.

1.5 Separation and pocessing methods
The processing methodsntemplatea set ofprocedureso be usedifter the coffedarvest, which

transform berry ito green coffeewhich isthe processed raw seed of coffaéer harvestingruits
are transported to compaimyhopperdor winnowing and separation. Just after cofieevestingthe

berries should be immediately taken for processing to avoid storing wet fruit and to reduce the risk
12



of quality loss causeby fungi and mycotoxins. Theimnowing is an important step for removing

light impurities, i.e.Jeaves, sticks, and other debris, from fruit. Small producers still use the manual
winnowing while the mechanical one is preferred from large congsampurities areghenremoved

by winnowing, sothe coffee crop is ready for the hydraulic separator. The hydraulic separation selects
the fruits on the base of their density, more dense fruit (uarnpleripg and less dense fruit (dry,
overripe, etc known as floaterspnd, at the same timeleans the crapMoreover, itremowes
contaminatethat were not taken away in the previous sta§jesze separation can be also performed
with cylindrical sieve for floaters as well as for denser friteally, the selection of ripe fruits can

be done using an electrorsieparator with an optical reader that ejects or selects thedinuite base

of their colour per comparison withthe standardone programmed into machinéfter these
separation and selection phases, the coffee is submitted to processingsnidgtaodethod choice
depends on manfactors i.e., climatic condition, consumer demandater usage rights and the
availability of technology for treating residue water. For example, in equatorial region where constant
rain coincidswith the coffee harvest, thaturaldrying of coffee is nopossibleand the wet methods
should be adoptedrhe two basic processing metlsoare dry andwet (Borém & Shuler, 2014;
Folmer, 2017)and are described in the following chapter

1.5.1Dry method

The dry methodalso called natural, is the oldgsbcessingised tchandle berry and is largely carried

out in tropical regioa where the dry season coincides with the coffee crop period. The process
consists irdryingthe whole coffee fruit without removirtgeexternal layers. Henci,is the simplest
method andgeneratesninimal environmentalimpact since it produces only a smajuantity of
residual solids and liquids and does not produce wastewater with elevated levels of organic material
as the wet methoddoes (Boréem & Shuler, 2014)The traditional dying process is performed
immediately after thbarvestingoy sun dryingoerrieson a clean drjloor or on mats. The bed depth
should be less than 40m and the cherries should be raked frequentssure homogeneous drying

andprevent fermentation or discolorati@hosh & Venkatachalapathy, 201E&pr this methogdt is

13



essential @reviousfruits sorting on the base of their density to separate floaters from unripe and ripe
drupesin order to form groups with similar humidityhis will generate a homogeneous resulting
product with a uniform moisture level. The drying process can be also done by mechanical dryer and
by a combination of surandmechanical exsiccatiofllly, Viani, Liverani, & Petracco, 2009)he

main problems associated withe dry processare dust and dirt blown onto the coffee pbadd
unexpected rainstorgrthat can soak theoffee batch very quickly After the drying process the
produd, so-calledfruit pod, should contain a moisture level upthe limit of 12% and can be state

or directly processed by hulling and cleaning phasethe hulling process the fruit psdre hulled

to removethe pericarpthisis generally done bgnechanical hulletsvhich are equipped with an air

flow system, namely catador, for the pericarp and bean separation. The cleaning phase consists in a
sepaation of green beans on the base of their shape density and defegbresenceaimed to
remove defedte beans and form homogeneous clust@tse sorting process is performed by a
preliminary sifting through size and shape and then the mechanical andiopticahentgletermine
aseparatioraccording tdbeandensityanddefect presencgshosh & Venkatachalapathy, 2014; llly

et al., 2009)

1.5.2 Wet method

The wet methodare generally adopted in those equatorial regions where the raining season coincides
with the coffee harvest, a condition that is not appropratenatural drying.An important
requirement is the availability of fresh watesed forcoffee processinglhe wet methodsan be
classified under three main types: fully washed; pulped natseahtwashed. The fully washed
method isthe most common arttie traditionalone. Itconsists in the mechanical removing of skin

and pulp of the fruit anth a further stge ofmucilagedegradation through biologicrmentation.

The resulting coffeecalled parchment coffeis thencleaned and dried. The pulped natura iset

method where the skin and pulnd part of mucilage are removed mechanicallgwever, he

remain mucilageis not removed by fermentation or other manners but is dried intact with the

parchment coffeelhe resulting coffee is called honey coffee for its resemblance with dry honey and

14



caramel. Sermivashed methots similar to fully wet method but instead of biological fermentation
aimedat removng the mucilage layem mechanical removas performed The main advantage of
this method is the removing of all mucilage parts without the use of fermentation tteariesore
diminishingthe overall amount of wastewa{@orém & Shuler, 2014)ndependently of thehosen
method coffee must be dried to 1% of moisture contenDrying should take place immediately
after processingo prevent offflavour develoment The dried products will be then submitted to
hulling and cleaning phases like natural metf@®dosh & Venkatachalapathy, 2018gveral studies
reported that podtarvesing method have a directinfluenceon thefinal quality of coffeebeverage
(de Melo Pereira et al., 2019; GonzaRips et al., 2007b; Joét et al., 201&0)d anong the different
stepsof coffee processinghe microbial mucilageremoval tas a major influence on the volatile

compositionand can affect the quality of the final coffgenk (de Melo Pereira et al., 2019)

1.6 Coffee roasting
The roasting process is one of the most important stéfgmffee processing and consistgyiving

energy, in the way dfeat to green beans. It is generally defined as a dry heat treatment drasis a
step for coffee flavour development and for the acquisitiaredhinphysicalproperties obears. In
fact, during roasting process several aromageaneratedrom different chemical reactiomsmdsome
physical propertiesf beans are modifiedy simplifying the further stepsf the coffee preparatian
such agyrinding and brewingThe main chemical processevolved in this thermic treatment are
the Streckerdegradation the Maillard reactionand pyrolysis reaction§~adai, Melrose, Please,
Schulman, & Van Gorder, 2017; Flame@02) Also, veral physical modificati@ such as
volume increment massand density decrement shapeand colour changes oil migration and
dehydrationoccur in coffee beanduring roasting proces3he temperatur@doptedfor coffee
roastings geneally higher than those for otheyastedoods (nuts, cocoa, etc) and, normally requires
to exceedl80 °C up to 2050 °C for a minimal duration to trigger tlobaracteristicchemical
reaction of roasting. A typical roasting timeay be from 3 to 20 mir{Folmer, 2017)Briefly, the

roasting process can be divided in two pha$esdrying phasandthe roasting phasehich fdlows.
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In the first, that occurs at temperature below 160tR€ coffee bears dehydratd, releasing steam

and initiating the expansion of the solid matrlr the second phas#je coffee bean reaches
temperatures al bemothermic 1r8abtics)A iGvplvinga polysaccharides proteins,
chlorogenic acid, and trigonellineegin to form the compounds responsible forabieur, flavour,

and aroma of roasted beafrsthis stageCO; is released as the product of the reaction dmusting

to the matrix expansio(Bottazzi, Farina, Milani, & Montorsi, 2012; Bustdanegas et al., 2018)

When the desired roastiregree is reached, the hot mass of beans must be rapidly cdowsed
through waterquenchingor air jet to stop the roasting process and prevent excessive roasting.
Different industrial technologies based on specific mechanism of heating, such as hot air, infrared,
microwave, superheated steam andn have been applied in industrial operations of roastihg
widespread technology still the hot air systenT.hes roasting machines operate moving constantly

the coffee beans inside the roasting chamber to assure homogeneous heat transfer from the hot air tc
coffee. Anotheheatingmechanisnoccurs when heat is transferred from the hot walls of roasting
chamber tohe beans. For large systeihis important to control the whole process afat this
purposebig roasting machirsareequipped with sophisticated process control systesmsh assure

to set up and contraheroasting profile(Folmer, 2017)

1.7 Coffee grindingand influence of particle sizes on EC extraction
The grinding process is an essential dimptransformingthe inedible coffee beans into coffee

powder, called roast and ground (R&t®ffee, ready for brewing@ he grindingconsists in converting
roasted beans through the application of mechanical forces into R&G coffee aimed to increase the
specific extraction surface, or ratherincrease the extent of the interface between watecaifek

In this mannethe extractionof soluble and emulsifiable substancedacilitated andat the same

time, the rupture of coffee beéissues and cells accelerates the release of carbon dioxidpg&0O

and volatile aromaespecially higly volatile compoundsand allows an easier extraction of the
remaining arom@Akiyama et al., 2003; Susana Andueza, Paz De Pefia, & Cid, 2003; Folmer, 2017)

Thegrinding of natural produatlike coffee beans always produces lots of particles of different sizes
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and shapes. The spread over the range of all sizes givesdhkesbparticle size distribution (PSD)
(Folmer, 2017)Generally, he grinding process is empiribabptimizedby setting a specific distance
between the grinding toglaimedto produce a adequate average érticlesizefor the respective
coffeepreparationin fact,several studies haveported thaparticle sizefave an influence in coffee
preparationespecially in espresso cofff&usana Andueza et al., 2003; Derossi, Ricci, Caporizzi,
Fiore, & Severini, 2018; Kuhn, Lang, Bezold, Minceva, & Briesen, 2017; Severini, Ricci, Marone,
Derossi, & De Pilli, 2015; Severini, Derossi, RidCaporizzi, & Fiore, 2018)n detail Andueza et

al., (2003 studied the influence of grinding and torrefacto roasting on the chemical and sensorial
characteristics of espressoffee They found that total solids (TS), caffeine, trigonelline and
chlorogenic acids increased inversely with particle,dzé not significant differences on sensory
attributeswas reportednstead Severini et al., (20)5emonstrad that extraction time and grinding
level significantly affectthe overall aromatic profiles of EC, which was measured by using an
electronic nose system. Another wdikuhn et al., 2017showed thaparticle size significantly
affects the extraction kineti@nd confirmed that the smaller particles leading to a higher extracted
amount of caffeine and trigonellinkastyear,Derossi et al.(2018 reportedthat the use of different
particle size for Turkish, American and espresso coffeeewinghas the majoimpact on espresso
extraction and in particular on pthange®f beverageAlthoughstudies about the influence of PSD

on EC extractiorare reporteda lackof investigationsoccursfor other variables, i.e., filter basket,
amount ofR&G coffeeand perfoated disc, whichnfluence the extraction processo. The flter
basketis the conical support, drdtl on the bottom, where the coffee powder is placed and tamped
(coffee cake]llly et al., 2009) The perforated disc is a metal plate, assembled under the shower of
each serving group, that adjusts the distance between the coffee cake and the shower and assures a
adequate empty space for cake swellingtiebest of our knowledge,nty one paper studied the
influence offilter basketanddifferent particlesizes on espresso extraction. Specificatys work
investigated the effects dfcup and Zcups filterbasketon EC extraction at three grinding sizes

(Severini,Derossi, Fiore, Ricci, & Marone, 201®er each range of particle sizefien 2cups filter
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was installed onto machin&ey found higher conterst of total solids and caffeina the coffee

portions generating frorhe first 8 sof percolation

1.8 Coffee preparationmethods
Thebrewing process is the last transformation of coffidech must transfer the unique and pleasant

flavour from R&G coffee into beverage. Fraxhemical point of viewit is a solidliquid extraction

that uses water asxtractionsolvent, to take out several volatile and +vafatile molecules from
coffeepowder.The resulting cup should be characterized by a subtle equilibrium of aroma, taste and
mouthfeel (Folmer, 2017) Depending on geographic, cultural and social con@xtwell as on
personabpreferencesnumerous preparation methods and extraction processes have been developed
andthenintroducedin the society since the discovery of coffee as a bevé@igess et al., 2013)

The huge variety of preparatiosuch asTurkish coffee, drip coffee, French press, espresso coffee,
Moka pot cold brew,etc,can be baracterized by extraction tools but can also be grouped by various
key parameters influencing the final flavour profile, e.g., pressure, brewing time, compaction, etc
(Folmer, 2017)Turkish coffee igrepared by grinding beans to fine particles and then adding water
and coffee powder in a pot (e.g., cesve). The water is brought to boil for no more than aramgtant
thenthe heating is usually stopped. This results in a strong coffee with a ldganobn the top and
sediments that settle on the bottom of the Eujp coffee, also called filter coffee or pour over brew,
consists in brewing coffee by pouring hot water onto coffee powder, generally milled as coarse
particles. The water pass@eso coffee by gravity and the powder remains into a holder containing a
filtering device. Various filter sizes, shapes and materials are commercially available. The water can
be applied manually or by automatic drip filter machifieis method produces a coffeelder than
Turkishd sneandwith enhancd acidity and flavour. Rather coarse particles are used for French
press as welln this preparation technique, the water and R&G coffee are placed into a vessel known
as French presesafetiere coffee press oratfee plunger, and the steeping is performed &pexcific

time (25 min), depending on the intensity of extraction tharista prefers.The liquid part is

separated from the solid phdseusing a plunger containing a filter deviBecausénefficient metal
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mesh filtration higher sedimenlevels are generally obtainedtherthan drip coffee.The most
popular household for brewing coffee in Italy is moka pot. Thisivoobmposed of threehamber
design. The bottom chamber is filled witbater and the coffee powder is placed on the middle
chamber. By heating, the hot water and steam pass through coffee bed extracting soluble and
emulsifiable substanceBhe airvapor pressure generated in the bottom chamber drives the extraction
process.The beverage will béhencollected in the upper sectiq@aprioli, Cortese, Sagratini, &
Vittori, 2015; Folmer, 2017; Gloess et al., 2013; Sunarharum, Williams, & Smyth,. Ziather
example of techniqulavingexperienced a recent surge in populastgold brewcoffee The cold

brew consists in preparing coffee with cold water, usually at room temperature or lower, over a period
longer than other coffee preparation methods. In fact, the steeping time ranges from 8 to 24 h.
Therefore, he main differencewith the otheréchniqus are theextractiontemperaturend brewing

time. Temperature often significantly influences the aqueous solubility of compoledse
brewing temperatures significantly modify the composition of hot and cold bhewasldition, the

longer brewmng times of cold brew coffee may affect the content of numerous subst&ntes &

Rao, 2017; Lane, Palmer, Christie, Ehlting, & Le, 20The most popular method that exploits the
pressured and hot water for preparing a pleasant and short beverage is the espresso coffee.

1.8.1 Espresso coffee

The espresso coffee is one of the madely-consumedbeverage in the word and mairmtysouthern
Europeand Central America(Caprioli et al., 2015)The Italian word espressasuggests that this
beverage must be quickly prepared on customer deswamelther extemporaneously prepared after

the consumer ordgrAnother important characteristic of espresso coffee isiseeofpressure. The
beverage must be prepared not only with hot waterthe main coffee brewingut also under
pressureTherefoe, for the espresso definition three essential features are required: extemporaneous
preparation, fast brewing and use of pressArgypical definition of espresso is the following: a
concentrated polyphasic beverage with a characteristic foam layemjocoenthe surface, prepared

by forang hotwater (90 15 °C) under pressur@ * 2 bar)into a tamped R&G coffee (called coffee
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cake) for a short period of tin{80 = 5 s) The cup volume can change from 15 to 50 ml on consumer
preferencegllly et al., 2009) The preparation conditionsuch as amount of R&G coffee to brew,
design of filter basket, time of extraction, volume in ceifg, change from country to countiyo
obtain a Certified Italian §pressdCoffee (EC)the beverage and the preparation haveotdorm to
strict productionspecifications These specificationare issued by thdtalian Espresso National
Institute and approved by a ThiRartyBody, and it is safeguarded and promoted through a product
certification (certificate of product conformity Csga n. 214:Sx&ptemberd 999, DTP 008 Ed.1).
Someimportant conditions to be appliéor the production o Certified ItalianEspress@are R&G
coffee: 7+ 0.5 g, exit temperaturef water from the unit 9& 2 °C, temperature of the drink the

cup 67+ 3 °C, entry wateipressure & 1 bar, percolation tim@5+ 2.5 s, viscosity at 45C > 1.5
mPa, total fat 2 mg/ml, caffeine< 100 mg/cupyolumein the cup (including foam25 + 2.5 m|
(Caprioli et al.,2015; Odello & Odello, 2006)For the EC preparation, numerooschines are
commerciallyavailable with different design and technologiegmost all are composed by three
essential parts: the pump, the extraction chamber and the heat exchhagtraction occurs when
water is brought to the desired pressure and then forced through a heat exchanger, which brings water
to the chosen tempsture Then, hot water proceeds to the extraction chamber, which is composed
of heated and fixegartin which the filter holder is fitted snuglynto. The filter holder contains a
filter basket where the coffee caisssettled. In the extraction chambesater crosses the perforated
disc and isprayed, through the shower, evenly over the coffee cake surface. Tihtupien takes
place at first seconds where the cofééxsorbs some millilitres of water and swells. This allows the
coffee surface to reathe required permeabilifCaprioli et al., 2015)andthen the extraction phase
begins. The extraction phase is eomplex mechanism where severphenomena occuri.e.,
dissolution of agueous soluble compourfdsced extraction of somkess soluble compounds and
physically entrappetholecules (e.g., arabinogalactans), degradation reachiento heating that can
affect the solubility of many substances (e.g., galacto@as) migration of fine particles antbffee

oil through the water flowetc (Chen Zhang, Linforth, & Fisk, 2012 ompoundswith different
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chemicalphysical propertiewill be extractedat the end of the proceandthis processvill result in

a complex flavour beverag®any variablegelated toEC preparation such asamount of R&G
coffee, PSD, filter basket, perforated disc, water quality, temperaand pressure of water,
percolation time, cake porosity, etc, can act an important role in coffee extr@ityiat al., 2009)

In the last yearsthe majority of works have focused ostudying howwater temperature, water
pressure and particle sizean influence the EC in cyndueza et al., 2002; Andueza et al., 2003;
Caprioli et al., 2014, 2013; Derossi et al., 2018; Kuhn et al., 2017; Salamanc&dfindlez, Saez,
& Villaescusa, 2017; Severini et al., 2015; Severini et al., 20d&pad, tahebest of our knowledge
nonehasinvestigated the importance of R&G coffemountand the possibility to reach good quality
in EC lowering the amount ofogvder.So far, the mass of R&G coffee is empirically seoon the
base of filter basket desigand other conditions dictated from the experieridereover, the
extraction withdifferent filter basket could have animpact oncoffee quality but it has not been
studied yet. Considering thtteseextractionvariables are strictly connected to each othene of
our aim has been to investigabe quality of EC prepared by changipayticle sizes, perforated disk
heighs and filter baskes aimed atowering the amount of ground coffee usedr further details on

project goals please refer to chapteR 2Aims of the project).

1.9 Bioactive compounds in coffee
Bioactive compounds are molecules generally produced by plants which possess pharmacology

andbr toxicology effect in man and animald-hey are usually produced as secondary metabplites
vitamins are nopart of the termfibioactive plant compoundsHence a complete definition of
bioactive compounds is secondary plant metabolites eliciting pharmacological and/or toxicological
effect inhumansand animalsThe secondary metabolitage substanceterived from a side pathway
beside the primary biosynthetamd metabolic routes of important compounds for plant growth and
developmentqugarscarbohydrates, amino acids, proteins and lipaais) are not necessary for daily
functioning of plants.Several aspects and criteria, i.e., biological effdmt$¢anicalcategorization

based on family and genera of plants, chemical classes, biochemical pathwaye etsed for

21



bioactive compounds classificatigBERNHOFT, 2010)Consideringhe biochemical pathway and

the chemical classeh)e mainbioactive compounds in coffee can be generally dividemkaloids
(caffeine and trigonellineyerivatves of phenolic acids (chlorogenic aciddiferpenoidgcafestol

and kahweol)flavonoids(isoflavone$ andphenylpropanoiddignans).Cafestol and kahweol atlee

two most abundaninsaponifiablgoentacyclic diterpene alcohols of the kaurene famdigurringin
coffee oil(Rafael et al., 2010Piterpenesare present in the most important coffee species (arabica
and robusta) and are more abunda@affea arabicd..; other two substances of the familg., 16-
O-methylcafestol and 1®-methylkahweqlspecifically occur in robusta coffdeahweol isrepoted

to bespecific in arabicalherefore, he difference on diterpeneontentscan beexploitedfor coffee
species identificatiofllly et al., 2009; Novaes, Bayan, Neto, & Rezende, 2019; Rafael et al.,.2010)
These molecules are extensively studied also for their assocwith health issues. For example,
cafestol and kahweol can induce the degradation of toxic compounds and provide hepatoprotective
effects against some toxicantsuch as aflatoxin B1 and acrolein. Other studies reported the
antioxidant, antinflammatoryand anticarcinogenic activities of these lipjBseedy, 2014)

1.9.1 Alkaloids: caffeine and trigonelline

Alkaloids area huge groups of nitrogen compoudds f i n e d b Yyasit fitrBger€omposndsi
(mostly heterocyclic) occurring mostly in the plant kingdom (but not excluding those of animal
origin). Amino acids, peptides, proteins, nucleotides, nucleic acids, amino sugars and antibiotics are
not normally regarded as alkaloids. By extensuertain neutral compounds biogenetically related
to basic alkaloids are include@McNaught & Wilkinson, 2014)Caffeine is a secondary metabolite

of thealkaloid family, belongng to thepurine alkaloid groupl'he purine alkaloidderive from purine
nucleotides and are widespread in plant kingdogturring in nearly 100 speciesThe
methylxanthinsg, e.g., caffeine 1,3, #trimethylxanthing and theobromine3(7-dimethylxanthing
together with methyl uric acigdsuch as liberinend methyllibering are the most commapurine
alkaloids(Ashihara, Sano, & Crozier, 2008)affeine is thdoestknowncompounds in coffeand it

is one of the most widely consumed active food ingredient in the world. It is present in beverages like
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coffee, tea, soft drirg energy drinks as well as in prodsicbntaining cocoa, chocolate and in a
variety of dietary supplements and medicatidise attactiveness and recognition thiis molecule

is due to the effect that produceson the body and mindn fact, caffeine stimulates the central
nervous system aiding to stay awake and improwegtal alertness after fatig@ideckman, Weill,

& de Mejia, 2010) Moreover otherpropertiesare attributed to caffeine, such as ragsiine blood
pressur@s a result of increases in total peripheral resisiaelexation of bronchial musclacrease

of gastric acid secretiomand diuresis etc (Caprioli et al., 2014; Grosso, Godos, Galvano, &
Giovannucci, 2017)It is known that robusta coffee contaiae higheramount of caffeine than
arabicain fact,levelsin green beans are from 1.6 to 2.4% and from 0.9 to 1.2% of the dry weights,
respectively(llly et al., 2009; Preedy, 2014)uring the roasting process ttententof caffeinedoes

not dramatically change but it has been reported that darledd@sinscan contain lowecaffeine
amountthan light roasted beans He | i mov i-€vy i tBaerd g\ ialk, Hor ganthe &
other handtrigonelline level isntenselyaffected by thermal processedter roasting the content

this moleculenoticeably decreasedue to a series afegradatiormechanismswhich formvolatile
compoundsresponsible for flavar formation andnon-volatile molecules(Casal, Beatriz Olieira,

& Ferreira, 2000; llly et al., 20097 rigonelline isa pyridine alkaloidfirstly isolated fromTrigonella
foenumgraecumL., which has beerfound in many plant and animal speci{gheng & Ashihara,
2004) In green beans, this pyridine is present in higher concentration in arakic2%lof dry
weights) than robusta (B&8% of dry weights)during roasting procegsgonellinecandecompose

via two major routesi.e., decarboxylation and methyl rearrangemeéatafford pyridinesand N
demethylation to give nicotinic acid@rigonelline is also degraded by decarboxylatgenerating the
N-methylpyridinium cation, inductor of enzyme systems involved in detoxification of xenobiotics,
activator of the Nd/ARE pathway, inducing cellular defence mechanisams novel phytoestrogen
(JeszkeSk owr o n-Gr Zg®lawi ak, & GrzeSkowiak, 2014;
Welti, 2002). In coffee beveraged)e kevek of caffeine trigonelline and other bioactive compounds

such as chlorogenic acidaseinfluenced by the process used fyeparationGloess et al., 2013)
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and in additionand mainly in espresso coffee, by the chosen variables for the extrastioh as
temperature and pressure of water, particle siza¢® of water angowder,etc (Andueza et al.,

2002; Caprioli et al., 2014; Severini et al., 20%Byerini et al., 2018)he analytical methods used

for caffeine and trigonellinguantificationare characterized by several extraction procedures and
different analytical instrumentschosenand optimized according ttarget matrix (green beans,

e s pr es s 0. Acconimore gquéntitative approach idatacterized bywater extraction and
guantitativeanalysis byhigh-performance liquid chromatography coupled with diaday detection

or mass spectrometry (HPLQAD or HPLCG-MS) (Caprioli et al., 2014; Casal, Oliveira, Alves, &
Ferreira, 2000; Jeszi&kowron et al., 2014; Perrone, Donangelo, & Farah, 2008)

1.9.2 Derivates of phenolic acids: blorogenic acids

Chlorogenic acid¢CGAs) are alargegroup of compounds derived from the esterification between
certaintrans-cinnamic acids, phenolic compounds, grdquinic acid.Chlorogenic acids do not
contain chl ori ne d@heipnameprobabl eomds &rdml Goeekonichpneans i x .
light green. This is likely because thgieen colour aftevxidationreactiongKremr, Bajer, Bajerova,
Surmova, & Ventura, 2016Lhorogenic acids occur in several plamsffee is an importdrsource

of these conjugated compounds. They can be formed by the binding of three difterentp h e n y |

3 pr op e nanhamic acws), difering in their ring substitution, with-quinic acid. Thenost
commontranscinnamic acids ar¢e af f ei ¢ (3,4 di hydr o8ymenharmyc¢
hydroxy), sinapic (3,pcodiumat h acx ghtbrodenidiagideany j vy )
beclassifiedby the identity, number and position of the acyl residngke fdlowing subgroupsthe

rel atively widespread mono esotGQA)sp obumafpi ei ac
coumaroylquinic acider pCoQA) and ferulic acid (feruloylquinic acids FQA);di est er s ( di
tri esters (trtieGQMA) exmsndckrt hhd wsmarxddad di aeisd e(ftse to
ferulic acid (caffeoylferuloylquinic acidsr CFQA) which are characteristic of robusta coféewl

other minor group¢Clifford, 2000) The 99% of the total CGAs in coffee is representednlyy n o

acyl CQA, FQAandpCoQA) and di acyl (di caffeoyl quinic
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compounds with at least three isomers per dlassRosso, Colomban, Flamini, & Navarini, 2018)
In green beans, the content of chlorogenic acids is superior in robusta than; #rabicaary from
7 to 10% and from 5.5 to 8% of dry weights, respectiyBieedy, 2014)During roasting process
several chemical changes occur in these molecules leading to important aroma fofvhabior&

Shibamoto, 2010; Mdller, Lang, & Hofmann, 200@)dehydratingconditions occurring in the latter

roasting stageshere isthe formation of chlorogenic lactones (CGL), characterized by a bitter taste

(Farah, De Paulis, Moreira, Trugo, & Martin, 2006; Farah, De Paulis, Trugo, & Martin,. 20@5)
most common individual chlorogenic acid igecaffeoyiquinic acid (8CQA), which sometimes is
still called 30-caffeoylquinic acid (3CQA) or chlorogenic acid. This because the IUP#sSigned
the correct rules fanomenclature in 1976 arlde current 8CQA wascurrently3-CQA. The use of
these two old names should thiscouragedClifford, 2000; Kremr et al., 2@@). Several evidences
have demonstrated that chlorogenic acids possess antioxidantjnflantimatory and
anticarcinogenic activitiesiumerous epidemiologic studies have focused on these projjBeeza
et al., 2014, Liang & Kitts, 2015; Rocha, Monteiro, & Teodoro, 2012; Sato et al.,.20043 been
proposed that they can have positive effecttype2 di abet es, obesity,
endothelial function and blood pressifi&jik, Tajik, Mack, & Enck, 2017)An importantaspecto
focus onis that offee beverages are the richest source of CGAs in human diet atallyhatakes
of modest and heavy coffee drinkesinged fron0.1 to 2 gDe Rosso et al., 201.8Yumerous factors,
such agreparation methogsoasting degree and type of coffee blecah influence the levels of
chlorogenic acids in cuff-ujioka & Shibamoto, 2008; Gloess et al., 2013; Tfouni et al., 201@9t
of published information aboutugntitative analysis of CGAm dietary soures were based on
HPLC-UV-VIS system(Caprioli et al., 2013; Craig, Fields, Liang, Kitts, & Erickson, 2048)le
HPLC-MS techniques have gained popularity rece(fgrah, 2019)

1.9.3 Phytoestrogenslignans and isoflavones

Phytoestrogens aregaoup ofcompoundsfunctionally charactezied by their estrogenic activities in

mammalswhichare structurally similar to mammalian estrodeii-&stradiol(E2). They commonly
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derive from plantsubiquitous molecules are isoflavones, lignans and coumestans. Also other classes
of moleculescan be classified as phytoestrogesng,, anthraquinoneshalconessaponinsetc, but
thoseare found in fewspecies(Ososki & Kennelly, 2003) The present workis focused on two
widespread classesoflavones and lignan3he most studied and bdgtown phytoestrogens are
isoflavones, also considered a subclass of flavonidee 1940s some Australian sheafter a diet
predominatelybased onsubterraneartlover (Trifolium subterraneuni.), have suffered from a
reproductive disorder, c a lolstartinvestigaltioms/oasoflavibries e a s e
and theirestrogenic activitiesThese molecels occur in theFabaceadlLeguminosagfamily, the

main sources being soybeans and soy products, kidney beans, red clover, kudzu root, mung bean
sprouts, navy beans, lupines and fava beans. The main isoflavones naturally occurring that have
shown estrogenic activities are: glycosides genatohdaidzin, aglycones genistein and daidzein and

the 4methyl ethers forms, formononetin and biochaninSdybean is the most studied matrix
because it contains the highest levelsoflavone(Mortensen et al., 2009t has been reported that

these molecules occur in four different forraglycons (daidzein, genistein and glycitein), gludesi
(daidzin, genistin and glycitin), acetylglucosides and malonylglucosides. The methylated derivatives,
biochanin A and formononetiaye present in other sources suclinaalfalfa, red clover and beans
(Ososki & Kennelly, 2003; Zaheer & Humayoun Akhtar, 201¥jnans, another important class of
phytoestrogens, amh ar act eri zed by di meri zat i-lmkedafas t wo
the IUPAC suggests, , -Bn&ed(Moss, 2000)Several compoundasith different chemical structuse

take part ofignan familyand they are generally classified under different subclasses, i.e., furofuran,
furan, dibenzylbutan, dibenzylbutyrolactol, dibenzylbutyrolactones, aryltetralin, arylnaphtalene and
dibenzocyclootadienes, according to the way which the oxygen is incorporated into the skeleton and
to the cyclisation pattern&unha, Andrade e Silva, Sola Veneziani, Ambrésio, & Kenupp Bastos,
2012; Floss, 1997; Knaggs, 2008)gnans were firdy identified in plants where they aid the
formation of lignin used to construct the plant cell walsoski & Kennelly, 2003)and he highest

concentration has been found in the knots of Norway spruce Bexesm (abieqL.) H. Karst) with
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7-hydroxymatairesinol (HMR) as predominant compou@thermolecules have been isolated from
other trees too, e.g. pinoresinol (PINO), a furofuran lignan, from the oleoresin of blackping (
nigraJ. F. Arnold and lariciresinol (LARI), a member of furan subgroup, from European laachx (
deciduaMill. ) (Holmbom et al., 2003putthe main edible sources are flaxseeds and sesame seeds.
Secoisolariciresinol (SECO) is the most abundant lignan content in flaxseeB$NO, LARI and
matairesinol (MAT) are present in substantial amount too. Other sources of lignans are nuts and
oilseeds, cereals and breads, legumes, fruits, vegetables, soy products, meat products, and alcoholic
and noralcoholic beverage@.andete, 2012; Mazur et al., 1998ilder, Arts, Putte, Venema, &
Hollman, 2005; Thompson, Boucher, Liu, Cotterchio, & Kreiger, 200B¢y can be present in free

form, glyosidic form or more complex forms, such as SECO in flaxseed, which occurs codid&u
hydroxymethyl glutaryl eéer-linked oligomergFord, Huang, Wang, Davin, & Lewis, 2001; Smeds

et al., 2007) Isoflavones and lignanare considered phytoestrogens because aretaldet as
agonisf/antagonist of estrogen receptors (ER). As estrogen agonists, phytoestrogens mimic
endogenous estrogerand cause estrogenic effects. As estrogen antagonists, they may block or alter
ER and prevent estrogenic activity, causing -astrogenic effects. For this double action,
phytoestrogens are sometimes classified as selective estrogen receptor md@H&bts)(Ososki

& Kennelly, 2003)and several studies hawevestigated the use of phytoestrogens for possible
treament of breast cancer, endometrial cancer, prostate cancer and menopausal symptoms
(Adlercreutz, 2002; Krebs, Ensrud, MacDonald, & Wilt, 2004; Landete, 2012; Ososki & Kennelly,
2003) It has been reported thadr having theseharacteristicslignansshould be converted into
mammalian lignans also called enterolignans, i.e., enterola¢teXE), enterodiol (END) and
enterofuran (ENF). Since various intestinal bacteria are involved in these bioactivations, enterolignan
bioavailability and their biological effects are associated with the presence of bacteria capable of
performing these chemattransformationsThese two classes of phytoestrogens possess also other
biological activities, such as antioxidant, antimicrobial, -axftammatory and antitumdiHeinonen

et al., 2001; Landete, 201Zor example, gnistein is the most potent antioxidant among the soy
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isoflavones, followed by daidzein, and seems to increase the production of superoxide dismutase
(SOD), which removes the free radicgf@soski & Kennelly, 2003)

1.9.3.1 Analytical methods for phytoestrogen analysis in coffee

The analytical methods for lignans and isoflavogeantificationvary according to studied matrix

and monitored compoundand nstrumens often uged areHPLC coupled withultraviolet (UV)

detectoy electrochemical omass spectrometr (MS) detection andgas chromatographyGQC)

coupled with MS Various sample preparation techniques and extraction prockasesbeen
reported such as acid and base hydrolysis, enzymatic digestion, organic solvent extraction, and solid
phase extraction (SPEgimedto release these molecdt®em the complex matxi structureand to

clearup sample.(Slanina & Glatz, 2004; Wang, Prasain, & Barnes, 2002 analysis of
phytoestrgens in coffee are investigated ewf worksand specificallysome authorfave studied
theircontentespeciallyin ground coffe@ndin not manycoffee brevg. Mazur et al., (1998pioneered
phytoestrogen quantitation in ground coffee, using a very long extraction and derivatization process
coupled with isotope dilutiogas chromatographyass speabmetry (IDGC-MS); they found

SECO in quantities ranging from 3.93 to 7.16 mg,kdpidzein (n.d. to 0.66 mg R}y genistein (n.d.

to 0.29 mg kg) and formononetin (n.d. to 0.78 mgRgMany studies have followed since then.
Horn-Ross et al., (200GEported, in an unspecified coffee sample, a daidamieentration of 0.503
mgkgtandonl y traces of SECO Tatmeiddetgcton limitdt vehilethey(di®@0 . 2 5
not detect any MAT, formononetin or biochanin A. LaMilder et al., (2005analysed four lignans

in various foods, including coffee beverage, by using enzymatic hydrolysis followed by double ethyl
ether extraction coupled with P L C MS/ MS. They found a total ¢
to 313pug L%, the mostbundantones ei ng SECO pgR%2 . @ndl1&ARO pg 90. 0
LY. In a study ofsix coffee brews, Thompson et al., (2006)letected daidzein (ug L),
formononetin (2ug L?), genistein (lug L), SECO (3447 ug LY, LARI (9-11 pg LY and MAT

(1-2 ug LY. Kuhnle et al., (2008analysedtoffee beverages reporting a SECO concentration of 100

160 ug L whereas genistein, biochanid, formononetin and matairesinol were found at

28



concentrations below 1fdg L™%. They alscanalysed two instant ground coffees and found SECO
(6.108.62 mg kg and genistein (0.08.94mg kg') as the most abundant phytoesauos.Alves,
Almeida, Casal, & Oliveira, (2010¢portedjn ground coffee, daidzein, gstein and formononetin
concentrations of 8.7, 3.0 and 30.7 mg' kespectively Sapozhnikova, (2014jeveloped a simple
method for polyphenol quantitation warious beverages; in coffee brews they found the isoflavones
daidzein (3.25.2mg L), genistein(0.9-1.4 mg L) and formononetin (3-:6.0 ug L™%). Caprboli et

al., (2016)used aSPE clearup procedure and lHPLC-MS/MS to quantify isoflavonem espresso

and ground coffee§heydetected biochanin Aegpressod.59to 326 pug L*; ground: 0.71 to 3.95

ug kgl) and formononetingspresso0.36 t00.41ug L, ground: 0.52 to 4.2fdg kg?t). Therefore,

most of the authos have analysedhe levels of different phytoestrogens in several foodstuffs
provoking a lack of apecific quantitative method fdéignans analysis irground coffee. Moreover,

to the best of our knowledgeone investigated the concentration of lignans in espresso coffee and
their content, together with those of isoflavones, in green béahsed, one of our gaalvas to
develop specific analytical meids for a) lignan quantification in espresso and R&G coffbi
lignan and isoflavone quantitation in green coffee. For further detail on project aims please refer to

chapter 22. Aims of the project

1.10 Aroma compounds in coffee
Coffee beverages amdainly espresso coffeggresent an intense and characteristic flavélawvour is

defined asa complex sensation describas acombination of aroma, taste, mouthfeel and texture.
The aroma, or odor, is arguably the most important component of ¢affeer (Sunarharum et al.,

2014) Therefore several studies have analysed and investigated the aroma fraction of coffee beans
and coffee beveragd8icchi, Panero, Pellegrino, & Vanni, 1997; Blank, Sen, & Grosch, 1991,
Caprioli et al., 2012; Michael Czerny & Gros@000; Risticevic et al., 2008\thoughmore than

1,000 volatile compoungsccurringfrom ppt to ppmlevels have beemdentified in coffegonly 20

30 specificmoleculesare important for coffee aroma and cohk&lresponsibléor the overallcoffee

odor (Blank et al., 1991; M Czerny, Mayer, & Grosch, 1999; Michael Czerny & Grosch, 2000;
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Semmelroch & Grosch, 199&everal factorselated taspecies and plaeultivation,harvesting and
processing methogdsoasting, grinding angreparation techniqueplay an important role on coffee
quality and its aroméBlank et al., 1991; GonzaldRios et al., 2007a; Sanz, Maeztu, Jose Zapelena,
Bello, & Cid, 2002; Sunarharum et al., 201%he roastg process ikely the most import step for
flavour formation sincetransforns the green pelke andbell peppeilike smell of green coffee ia
uniqueandpleasantoffeearomaof roasted bean®1 Czerny et al., 1999; Michael Czerny & Grosch,
2000) In fact, several chemical mechanisms, such as Maillard reaetidch occurs between sugars
and anino acids, Streker degradation, degradation of sugars, minor lipid degradation, interaction
between intermediate decomposition produets, leadan incremenof volatile compoundsumbers
(Buffo & Cardelli-Freire, 2004; Caprioli et al., 2015; Sunarharum et al., 200#H aroma fraction
contains different moleculeshich are part of varioushemical classes. Froaguantitative point of
view furans and pyraziseare the most important volatile classeghile qualitatively sulffur-
containingcompounds and pyrazigare the most releva(bunarharum et al., 20149ther important
groups 6 volatiles are furanones, phenolic compounds, pyrroles, pyridines, alcohols, aldehyde,
ketones and esterBurans are ubiquitous molecules present in thermally processed foods and their
attention hasapidly boosted since 199%hen theyhave beemrlassifiedasfipossibly carcinogenic to
humang ( g r ofuom the@ Biternational Agency for Research on Cancer (IARRBhn &
Yeretzian, 2019W. IARC (Ed.), 1995) These compoundpossess sensory thresholds that are
relatively high compared to other groups of coffee volatilest they are present in high
concentratios and therefore are relevant faoffee aroma quality(Sunarharum et al.,, 2014)
Pyrazines are weknown molecules present in various foodstffluding coffee. Some alkyl
pyrazines such as3-isopropyt2-methoxypyrazine,3-isobutyl2-methoxypyrazine,2-ethyl-3,5
dimethylpyrazine, 2 gliethyl-5-methylpyrazinedescribed asutty, eathy, roasty, green aromase
reported to b@otent odorants afoffee aromédBlank et al., 1991; W. Grosch, 199&)Furfurylthiol

is likely the mostkknown sulfurcontaining compounds presentanffee and possesses a roasted,

pungent and coffekke aroma. Moreover, it hame of the highe€ddor Activity Values (OAV) and
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alow level of odor threshold. Thereforejstconsidered a key aroma compound of cotieawv (W.
Grosd, 1998; Semmelroch & Grosch, 1996; Sunarharum et al., 2Bdgdrtant for coffee aroma

are alsasomephenolic compounds such as guaiaceVj@ylguaiaco) 4-ethylguaiacoland vanillin
These phenols arise from thermal degradation of chlorogenic awitlileese volatiles could have a
role on flavour differentiation between arabica and robusta since these two species contain
significative differences on CGA conter{f@unarharum et al., 20148everal apmaches have been
employed for the analysis of coffee voladil©ne of the most frequdntadoptedis theheadspace
solid phasemicroextraction (HSSPME)(Bressanello et al., 2017; Caprioli et al., 2012; Mondello et
al., 2005; Risticevic et al., 20Q8a fast preparation technique which consentsextoact volatile
analytes prior to analyse them, for instance byNE& The choice of a SPME fiber is dependent

the specific physica@hemical characteristics of the target solutes to be extr@deddello et al.,
2005) and for coffeeit is commonlyusedthe Divinyl-benzene/Carboxen/Polydimethylsiloxane
(DVB/CAR/PDMYS) (Bressanello et al., 2017; @aoli et al., 2012; Risticevic et al., 200&nother
approachs to characterizéhe aroma of coffeby the Aroma Extract Dilution Analysis (AEDAgnd

as analytical instrument, to exploitgas chromatogragnolfactomeer (GC-O). This technique
couplal with an olfactometc instrument which commonly possesses another detector (e.g., flame
ionization detector (FID), MShermits to assign an odor description for each studied molecule and
moreover, to measure thetencyof odorantsby calculating the Flavour Dilution (FD) fact@Werner
Grosch, 1994)Theseanalysisarepart of amore complexonceptalledsensomi@pproachhatled

to improve knowledge about key aroma compounds in c¢Btmnk et al.,1991; M Czerny et al.,

1999)

1.11 Coffee residuesand coffee silverkin
Coffee isone of the most consumed beveragdab@word; in addition it is an importanagricultural

productin the international tradeTherefore,to satisfy the enormous consumer demasuffee
industry must process a huge quantity beéansaddressedo coffee beverage production. In this

manner, coffee compasgenerat an elevated amount of liquid and solid residsesce the 90%n
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weight of cdfee cherries (mostly pulgy discardedduring processing as agricultusaaste or by
product(Iriondo-DeHond et al., 2019)For this reason, in the kdtyears, several authors have
proposed original mechanisms to reuse the coffeprogluctsin order to manage and reduice
disposalHijosa-Valsero, GaritaCambronero, &8riaguaGarcia, & DiezAntolinez, 2018; Machado,
Mussatto, Teixeira, Vilanova, & Oliveira, 2018; MartinBaez et al., 2014; Mussatto, Machado,
Martins, & Teixeira, 2011; Narita & Inouye, 2014; Scully, Jaiswal, & Akluannam, 2016 Among
these byproducts, coffee silverskiCS)is the major residue generating from the roasting protess
is a thin tegument that directly covers coffee spgdsng roasting, coffee beans expand and this thin
layer is detached@Bessada, Alves, & Oliveira, 2018)\lthough CS accountsfor only a minimal
fraction of the whole coffee cherry(1-2%), it contains high level of dietary fiber, bioactive
compounds and possesses antioxidant actiyifi@sissen & Huynh, 2018/ussatto et al., 2011)
That is why in recent years, some authors proposed the use of CS as raw material for the recovery of
functional compounds of potential interdatleed, CS is a rich source of soluble and insoluble dietary
fibers (37 and64%, respectively) which can baused for food enrichmeiftriondo-DeHond et al.,
2019) Moreoverrecent studies have evidenced that CSvalaablesource of bioactive compounds
such as melanoidins, caffeine and polyphemnealtsch allowpotentials applications of CS extracts as
functional ingredient in cosmetic and nutraceutical formulat{@estolino et al., 2019; Bessada et
al., 2018) Other author have suggested to applyg tluffee residue dsedstock in biofuel production
(HijosaValsero et al., 2018ps adsorbent material to remove potential toxic metals in (idadara

et al, 2018) as a source of cellulose for paper productMussatto et al., 201HBnd as an ingredient

to be exploit in food industry. IndeedartinezSaez et al(2014)have proposed the use of CS for a
novel beverage production aimed to body weight contRelcaitulating several studies have
reported the nutritional composition of coffee silverskin and the content of bioactive compounds such
as caffeine, chlorogenic acids, melanoidins and other polyphglasissen & Huynh, 2018; Narita

& Inouye, 2014; Toschi, Cardenia, Bonaga, Mandrioli, & Rodrigdstzada, 2014)Moreover,

different authors haveropose innovative CS reuses and applicatidmgto the best our knowledge,
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the aroma fraction of this coffee 4{pyoduct has not been studied yet. Therefore, there are a dearth of
investigation focused on G®latile compounds which could be fascinating for food and food flavour
industry. Furthermore, ghcharacterization of od@ctive compounds assumes an important role in
development of novel foed Hence, oneof our objectiveswas to characterize the odarctive

compounds in CS. For further detail on project aims please refer to chaptéig of the projec).
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2. Aims of the project
The firstpartof the projectwas performed in collaboration with illycaffe S.p.A. (Trieste, Itagy

the objective waso develop analytical methods for quantification of lignans and isoflavones in
espresso coffee, R&G coffee and green coffaming at characterimg the conterd of these
moleculesn the whole coffee chaifheanalytesvere three lignanis glycosidicform (lariciresinol,
matairesinol and secoisolariciresinol) and six isoflavphes of them in glycosidic form (daidzin
and genistin) and four aglycofdaidzein formononetin, genisteiand biochanin A)The chemical
structures of monitored molecules are showFigure 1. For thispurpose analytical methods for

guantitativeanalysisof lignansin espressandR&G coffee and for isofivones and lignans in green

1]

coffee were developednd optimizedby using HPLC-MS/MS, operating 1in mu
monitoringo.A WMRida3 studn Ghmioli et al., 2016)from our research groyp
guantified isoflavones in R&G and espresso coffieereforewe omittedto investigae themin those

matrices The methodoptimizatiors concernedalso theextraction efficiencyevaluationof various
procedures Acid and base hydrolysis, enzymatic hydrolysis, organic solvent extraction, and a
combinationof thesehave been studiedhe best performingroceduresin term of recovery and

guantitative datawere chosenvalidatedand fnally applied to different samplesrom various

geographical origins
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Figure 1. Chemical structures of monitored phytoestrogens in coffee.
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The secondoart of the project was performed together with Simonelli Group Sgn& of the
foundesof Al nternational Hub f o(CofféediUB) €heCofkee dUBar c h
is an international ngrofit research networkorganization) who cooperates study some of the

most important topics influencing the quality of cofféerepresents anutcome of the willingness

of the industry and the university community to work togetredto push forward the bounds of
coffee knowledgéinternational Hub for Coffee Research and Innovation, 2013 second part of
researchconcerned the optimization of espresso coffee extradtiomodifying some machine
variableswith the scopeo producea good quality espresso cofféewering theamount of coffee
powderused for obtaining the espres3tevariables under studyerethe particle size distribution
(PSD) of R&G coffee,the design othe filter basket andhe height ofperforated dis. For this
purpose, specific particle size distribution (ZDI0umM) of R&G coffee in three different designed
filter baskets (A, B and Gyereused to prepare espresso cofagloyingstandardnd loweramount

of powderfor a double EC extractiorfl4 and 12 g, respectivelyMoreover, various heights of
perforated disc @ mm)were assembleihto the machine and espresso coffee were extracted with
14 g and 12 gThe EC quality was investigated from chemical pahtview by studying and
comparing the content of some wkliown compounds in coffebrewed with different conditions.

In detail, chemicastudies concerned the total solids (TS) analysis and the quantification of caffeine,
chlorogenic acids and trigonielé (chemical structures shownkiigure 2). In addition some analysis

on volatile fraction were performed, as well.
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Figure 2. Chemical structures of target molecules quantified in ECs.
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The third part of the proje¢ttas been carrdedtootwutat fobeiFboidz S\

ATechnical University of Municho und e rfocusdde
on promotng and adding value tooffee silverskin (CS)a coffee byproduct in theperspective of
its application in the food industry, for instance as an ingredient for novel food produdimmork
aimed tocharacterize the odactive compoundsf this coffeeby-product and compare with those
present in coffee bean¥he characteration of aroma fractiomvas carried out by sniffing the
silverskin extract through gas chromatograplfactometryflame ionization detector (GO/FID)
and comparing the odors and odosavith those foundh coffee beansThe identification was carried
out by comparingwith reference compoundthe retention indexcalculating on two capillary
columns,andthe odor quality. Finally, for unequivocal identification, samples were submitted to
fractiomation and then each fradbn was injected into comprehensive twibmensional gas
chromatographynass spectrometry (GCxG@S). Moreover, the Aroma Extract Dilution Analysis
(AEDA) was performedo assess the potency of each odors/odoearithave an idea which of them

werethemore important for silverskin aroma.
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3. Experimental

3.1 Lignan and isoflavone in coffee
3.11 Materials and Standards
Isoflavones, namely, daidzin (analytical standardiHesOo, molecular weight 416.38, CAS No 552

66-9), genistin (analyticad t a n d a r chiH2009®Ieeular @eight 432.38, CAS No 589-9),
daidzein (analytical standard,4E1004, molecular weight 254.24, CAS No 486-8), genistein
(analytical standard, ©H100s, molecular weight 270.24, CAS No 44@-0), formononetin
(anaytical standard, @H1204, molecular weight 268.26, CAS No 483-3) andbiochanin A
(analytical standard, €H120s, molecular weight 284.26, CAS No 480-5) andlignans, namely,

l ariciresi nolxHLGs mEdcular it 360.46, CASNo 27003-2), matairesinol

( MAT, O 9:82.0, Unolec@ar weight 358.39, CAS No 580-3) andsecoisolariciresinol

( SECO, ORHas0s0Mblecul@ weight 362.42, CAS No 29388-8) were purchased from
Sigma Aldrich (St. Louis, MO, USA)ndividual stock solutions of each isoflavone and lignan, at a
concentration of 1000 mgl, were prepared by dissolving pure standard compounds in HPLC grade
methanol and storing them in glas®ppered bottles at 4°C. Afterwards, standard working solsiti

at various concentrations were prepared daily by appropriate dilution of the stock solution with
methanol. HPL@&rade acetonitrile and methanol were supplied by Sigidach (Milano, Italy).
HPLC-grade formic acid (99%) was obtained from Merck (DaadistGermany). Analyticajrade
hydrochloric acid (37%) was obtained from Carlo Erba Reagents (Milan, Italy). Ascorbic acid 99%
was purchased from Sigma Aldrich (Steinheim, Germany). All other chemicals were analytical grade.
takadiastase fromspergillusoryzae(~ 100 U/mg)clarad i ast ase (O 35 U/ mg) ,

l atex (1.5 10 U/ nRhigopussapn.d (PO 0o.t2e ald/emgf)r owner e put
Aldrich (St. Louis, MO, USA). Deionized water
a Milli-Q SP Reagent Water System (Millipore, Bedford, MA, USA). All solvents and solutions were
filtered through a 0.21m polyamide filter from Sartorius Stedim (Goettingen, Germany). Before
HPLC analysi s, al | sampl es nme@2aqm $§yringalessrfiked wi t

Phenomenex (Castelmaggiore, BO, Italy).
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3.1.2 ESPRESSO AND R&G COFFEEsamples and preparations
The espresso coffee samples (total volume 25 + 1 mL) were prepared using an Iperespresso X7.1

coffee machine (illycaffe spa, Trieste, Italy). The water used for the extraction was a commercial
mineral water (Sant'/Anna di Vinadio, Cuneo, lItaly, total hasdn@2 French degrees, Nine

different espresso sampjasvestigated for lignan conteiere supplied by illycaffé spa (Trieste,
l'taly) i n their commercially available capsu
Capsules) Four of them werel00% Coffea arabicaL. samples having 4 different geographical
origins (Brazil, Colombia, Ethiopia, and India)d availablen 2 different production batches (lots 1

and 2) andnefrom El Salvador (100%. arabicalL. var. Bourbon low caffeine (BLC)J'he same
samplesvere also analysed &G coffeeby opening and mixed 10 capsutdseachtype.Another
sixteen100%C. arabical. samples were provided by illycaffe spa (Trieste, IteBjx of them were

in their commercially availablR&G coffeeformfor use i n a mocha pot ( Mol
from Brazil, Colombia, Costa Rica, Ethiopia, Guatemala and Inha. last ten samples were
packaged in compostable foil bags (Goglio spa, Milano, Italy) under inert atmospitengere
available as roasted bea These coffee samples came from Burundi, EI Salvador, Ethiopia,
Guatemala, Kenya, Rep. Dominican, Rwanda, Tireste, Uganda and Yemdfinally, Simonelli

Group Sp.A. (Belforte del Chienti, Italy) provideds five roasted bean samples: Le Piantagioni
(100%C. arabical..), Le Piantagioni (a blend composed of 86%arabical. and 15%C. canephora

Pierre ex AFroehney, MonCafe, 1009%. arabicalL. from Ethiopia and 100%. canephor&ierre

ex A.Froehnefrom Bali. At the enda total ofthirty R&G coffee samples were investigafedlignan
contentAl | roasted bean samples were groungAin a

(Belforte del Chienti, Italy).

3.1.3 GREEN COFFEE samples
A total of 25green coffee samplasere examined on lignan and isoflavone contiigtaffé SpA

(Trieste, Italy) supplied twentfour different wetprocessedCoffea arabica.. greenbean samples
having different geographic origins, i.e., Rwanda (tlm@amercial lots: samples 2,and 3), Costa

Rica (three commercial lots: samples 1, 2 and 3), Brazil (four commerciasdmtgles 1, 2, 3 and
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4), Ethiopia (four commercial lots: samples 1, 2, 3 and 4), India (four commercial lots: samples 1, 2,
3 and 4)Colombia (three commercial lots: samples 1, 2 and 3N&catagua (three commercial lots:
samples 1, 2 and 3), Simonelli Group S.p.A. (Belforte Claenti, Italy) provided one 100%.

canephoraPierre ex A. Froehndrobusta) green coffee sample fromigidonesia).

3.1.4 Lignan extraction process:ESPRESSO COFFEE
For espresso coffee (E@) multitude ofextractionmethodswhich can be classified unddgr:d i | ut e

and s kehod 1&C),(acid hydrolysisflethod 2EC) and enzymatidigestion(Method 3EC),

have been evaluated and compared among ¢asrshown immable 1). Method tEC (not shown in
Table)was characterized by two fidilute and shoo
sampleswere diluted 10 times with 0.1% formic acid in water, whereas the second was obtained
diluting EC sample 5 times with 0.1% formic acid in water. Afterwards, samples were centrifuged at
13300 rpm for 10 minutes and filtered with a@@syringelesditerb e f or e HPL C MS/ MS
In Method 2EC wascomposed 011 acid hydrolysis performed varying the acid normality, the ratio

of sample to acid, the time, and the temgture of hydrolysisFor instance, Method 2BC of acid
hydrolysis Table 1) was peformedby adding 1 mL of 2 N HCI to 2 mL of EC, after ascorbic acid
addition as antioxidanand keeping the sample at 80 for 1 hourin a water bath, under magnetic
stirring. After cooling,the pH was raised to 5 andelh or e HPLC MS/ MSwaanal vy
centrifuged at 13300 rpm for 10 minueed filtered with a 0.2im syringelessilter. Methods 3EC

were characterized by various enzymatic digestions which employed four enidgnkediastase,

cl a diagtase, papain from papaya latex, and protease Rioimopussp.).Takad i ast ase 1 s
amylase enzyme derived froAspergillus oryza@and claradiastasas a mixture of enzymes that

c o nt aamylase, Cellulase, invertase, peptidase, phosphatase ipidtase The enzyme
solutions or dispersions were prepadisisolving exact amount of enzyme powder in water or, for

the protease, in 0.00L Nof HCAccor di ng t odat®sheetnthe pMloptimumcfirat

enzyme was 3. The enzymatic hydrolysascarried out adding 0.5 mL of enzymeelutionto 2 mL

of EC, afterascorbic acid addition as antioxidant and keeping the sample°at 5 3 hours in a
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water bath, under magnetic stirringgple 1, Methods from 3.1EC to 3.8EC). Afterwards, sample
was entrifuged at 13300 rpror 10 minutes and filtered with @2 um syringelesdilter and then
injectedi nt o HP L (RegdriingM(zymatic extraction wignoteasepefore centrifugation,
the sample pH was raised to 5. To optintlze enzymatic hydrolysis procedurésp concentration
levels for eaclenzyme have been tested varying also the temperature and thef tigestion.In

this manner, a great amount of different enzymagarolysis procedures, reportedTiable 1, have

been evaluated
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Table 1 Acid and enzymatic hydrolysis procedures for the extraction of studied lignans from EC.

Acid hydrolysis Concentration  Ratio of sample Time Temperature
with HCI 2 (N) to acid (S/A) (h) (°C)
Method 2.1EC 2 2 1 80
Method 2.2EC 5 2 1 80
Method 2.3EC 1 2 1 80
Method 2.4EC 2 0.5 1 80
Method 2.5EC 2 1 1 80
Method 2.6EC 2 2 2 80
Method 2.7EC 2 2 1 50
Method 2.8EC 2 2 1 25
Method 2.9EC 5 0.5 1 80
Method 2.16EC 5 2 1 50
Method 2.11EC 5 2 1 25
Enzymaticdigestion Enzyme type CO&C?VU}C?ﬁon T(irrge Tenzgg;ature
Method 3.1EC takadiastase 1 3 25
Method 3.2EC clara-diastase 5 3 25
Method 3.3EC papain 2.5 3 25
Method 3.4EC proteasée 1.25 3 25
Method 3.5EC takadiastase 2 3 25
Method 3.6EC claradiastase 10 3 25
Method 3.7EC papain 5 3 25
Method 38-EC proteasée 2.5 3 25
Method 39-EC takadiastase 2 3 37
Method 310-EC claradiastase 10 3 37
Method 311-EC papain 5 3 37
Method 312-EC proteasée 2.5 3 37
Method 313-EC takadiastase 2 6 37
Method 314-EC clara-diastase 10 6 37
Method 315-EC papain 5 6 37
Method 3.B-EC proteasé 2.5 6 37

aBefore centrifugation pH samples have been raised to 5 with KOH.
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3.1.5 Lignan extraction process:R&G COFFEE
Different types of extraction methodeere tested: acid extractions (strong and mild extdaction),

methanolic extractions (100#hethanoland acid methanolic extraction) and enzymatic digestions
(aqueous enzymatic mixture and water/methanalymatic mixture), as following described.

3.15.1 Acid extraction

The strongacid extraction (Method-R&G) was carried out by addirtigml of 2 M HCI together with
1% (w/v) of ascorbi@acid as antioxidant, to 0.5 g of ground coff@éterwards, the sample was kept
at controlled temperatur@0 °C) for 1 h in a water bath with thermostaintrol under magnetic
stirring. After cooling aroom tmperature, the pH of the sample was ratsesl with 10M KOH
and, prior to HPLC injectiorthe sample was centrifuged at 5000 rpm fomi®and the supernatant
was filtered with a 0.2um syringeless filter. The mild acid extraction (MethodR&G) was
performed with the same steps as the stracig extraction, but Bl of an acetic acid/sodiuacetate
buffer solution was added to the ground coffether than the 5 ml of &1 HCI used in Method-
R&G, in order to obtain a pH of 5.

3.1.5.2 Methanolic extraction

Methanolic extraction (MethodB&G) was carried out bgdding 5 ml of methanol to 0.5 g of ground
coffeeand adding 1% (w/v) of ascorbic acid as antioxidafterwards, the sample was sonicated at
room temperature for 2.5 h. We algested a fourthmethod, using an acid methanolic solution
composed of 2 M HCIl and MeOH (50:50) as extracsotvent. This acid methanolic extraction
(Method 4R&G) was performed adding 5 ml tfatsolution tocoffee and sonicating the mixture at
room tenperature for 2.5 h. For both processes, the sample was prepared foM8?MS analysis
by centrifugation ab000 rpm for 10 min; the supernatant was then collected and filtered with 0.2
mm syringeless fi#r.

3.1.5.3 Enzymatic digestions

Two different types ofenzymetakadiastase (Method-R&G) andclaradiastase (Method-BR&G),

were evaluated. For both enzymes,digestion process was performed by adding 2 rehafymatic
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mixtureat 2% (w/v)and 20 mg of ascorbic acid as antioxidant to 0.2gyaifind coffee. The digestion

was obtained by keeping the sample at controlled temperatuf€)3@r 3 h in a water bath under

magnetic stirring. As in the previously described methtessample was centrifuged at 5000 rpm

for 10 minutesand the supertant was collected and filtered befamalysis. In Method-R&G, we

sought to enhance thextraction of lignans by using both enzyme anmethanol. Specifically, we

carried out the samenzymatic digestions but using 2 ml ofekadiastasesuspension preped by

dissolving an exact amount efizymatic powder in a methanol and water solutdn50) to obtain

a concentration of 2% (w/vA summary of extraction processesaportedon Table 2

Table 2 Different tested methods for lignan extraction from R&G coffee.

Acid hydrolysis

Methanolic extraction

Enzymatic digestion

Extraction
processes Method 1- Method 2- Method 3- Method 4- Method 5- Method 6 Method 7-
R&G R&G R&G R&G R&G R&G R&G
HClin  CHsCOOH/ HCl in faka  clara  taka
Solvent H,0 CH.COONa MeOH H,0/MeOH diastase in diastase in diastase in
z 3 z H,O H,O H,O/MeOH
Concentration 22 5o / 12 2 2 2
Temperature of = g, 80 25 25 37 37 37
extraction (°C)
Time of
extraction 60 60 150 150 180 180 180
(min)

2 Concentration expressed as (Myalue of pH;® concentration expressed as (% wi/v).
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3.1.6 Sample preparation and extraction procedures: lignans and isoflavones BREEN
COFFEE

Coffee samples were ground in an Ariete Blendy 570 grifBlrence, Italy). Homogeneous
portions of 100%C. canephorasample were used for development and optimization of the method.
We evaluated different extraction procedures, namely, acid and base hydrolysis, enzymatic
digestions, organic solvent extractiamdaa combination of these, as following described, and chose
the best one for lignan and isoflavone quantification in different green coffee samples.

3.16.1 Acid and base hydrolysis

Three different extraction processes, namely acid hydrolysis, baseysysliamd base hydrolysis in
MeOH, were chosen for their likely capacity to break glycosidic and ester (dod®nsen et al.,

2009; Smeds et al., 200Acid hydrolysis (Method 45C) was performed by adding 6 mL of HCI

0.1 M and 60ng of ascorbic acid (as antioxidant) to 0.5 g of green coffee powder. The hydrolysis
was performed while keeping the sample at a controlled temperatur€ 6ff8030 min in a water

bath under magnetic stirring. The sample was cooled at room tempeitatpt¢ was adjusted to-5

6 by adding KOH 4 M, and then it was stored overnigkt&tC to precipitate soluble polysaccharide

and protein fraction. Later, the sample was thawed at room temperature and centrifuged at 5000 rpm
for 10 min. Finally, before HEC-MS/MS injection, an aliquot of supernatant was collected,
centrifuged at 13000 rpm for 15 min and filtered with a2 syringeless filter. Base hydrolysis
(Method 2GC) was carried out by adding 3 mL of KOH 0.1 M and 30 mg of ascorbic acid to 0.3 g

of green coffee powder and keeping the sample at a controlled temperaturdCaioB@0 min in a

water bath under magnetic stirring. Afterwards, the sample was cooled at room temperature, and the
pH was brought to-6 by adding HCI 2 M. After storage ovéght at-18 °C, the sample was melted,

then centrifuged at 5000 rpm for 10 min, and an aliquot of supernatant was collected and centrifuged
at 13000 rpm for 15 min. Before analysis, the
With the purposef enhancing the extraction yield, we carried out the same process of MeBt©d 2

but used KOH 0.1 M dissolved in MeOH (Method>®) instead of water.
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3.1.6.2 Enzymatic digestions

Two different types of enzymnsetakadiastaseand claradiastasewere evalated for their ability to
extract the compounds of interest from the coffee matrix. Hydrolysis withdiakéase (Method-4

GC) was performed by adding 4 mL of enzyme mixture at 2% (w/v) and 40 mg of ascorbic acid to
0.5 g of green coffee powdédollowed by digestion in a water bath at a controlled temperature of 37
°C for 2 h, under magnetic stirring. After cooling at room temperature, the sample was stored
overnight at18°C and, afterwards, was melted at room temperature and centrifuged apB&Ofor

10 min. Before HPLGnalysis, an aliquot of the liquid part was centrifuged at 13000 rpm for 15 min
and filtered with a 0.2um syringeless filter. Hydrolysis with cladiastase (Method-&C) was
carried out adding 2 mL of enzyme at 5% (w/v) tbge with 30 mg of ascorbic acid to 0.3 g of green
coffee powder, after which the sample was kept in a water bath at a controlled temperati@ of 37
for 2 h, under magnetic stirring. After cooling at room temperature, 1 mL of MeOH was added and
the samp was vortexed for 1 min. Afterwards, the sample was stored overnidi®°& and, after
melting at room temperature, it wesntrifuged at 5000 for 10 min. Before injection into the HPLC
MS/MS, an aliquot of supernatant was collected, centrifuged &010m for 15 min and filtered

with 0.2um syringeless filter.

3.1.6.3 Methanolic extraction

Methanolic process (Method@C) was structured in the same manner as acid hydrolysis. Briefly, 4
mL of a methanolvater (85:15%o0lutiontogether with 40 mg adscorbic acid were added to 0.5 g of
green coffee powder and the sample was kept in a water bath at a controlled temperatd€ of 80
for 30 min under magnetic stirring. After storing overnightl&® °C, the sample was kept at room
temperature to thaw @nd then centrifuged at 5000 rpm for 10 min. Before quantification through
HPLC-MS/MS, an aliquot of supernatant was collected, centrifuged at 13000 rpm for 15 min and

filtered with a 0.2um syringeless filter.
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3.1.6.4 Combination processes

Two other proesses, Method-GC and Method 85C combined the two extractions previously
tested Method #GC was performed by adding 2 mL of 0.1 M KOH dissolved in MeOH and 30 mg

of ascorbiacid to 0.3 g of green coffee powder and keeping the sample in a waterdatimtablled
temperature of 80C for 30 min. After cooling at room temperature, the pH was adjusted to 6 by
adding 2 M HCI and enzymatic digestion was carried out by adding 1 mL ofditestase 10% (w/v)

and then keeping the sample at°®7for 2 h.Thus, the sample was centrifuged at 5000 rpm for 10
min and stored overnight at8 °C. Finally, after melting, an aliquot of supernatant was collected,
centrifuged at 13000 rpm for 15 min, filtered
HPLC. Method 8GC involved acid hydrolysis followed by enzymatic digestion. The acid extraction
was carried out adding 2 mL of 0.1 M HCI together with 30 mg of ascorbic acid to 0.3 g of green
coffee powder and keeping the sample at@®@or 30 min. Aftercooling, the pH was raised to 6 by
adding 2 M KOH and after that, enzymatic digestion was performed, as described above for Method

7-GC. A summary of extraction processeseportedon Table 3.
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Table 3.Different processes fdignan and isoflavone extraction from green coffee.

Acid and base hydrolysis Enzymatic digestions I\gi';[rhae::r:glnc Combination processes
Extraction
PTOCESSES  Method ~ Method  Method Method Method  Method 6- Method Method
1-GC 2-GC 3-GC 4-GC 5-GC GC 7-GC 8-GC
. . . . : a)KOH in MeOH  a)HCl in O
Solvent HCl in KOH in KOH in tak_&dlastase cIa_radlastase MeOH:H,O b)claradiastase b)claradiastase
H.0O H.0O MeOH in HO in H.O : ;
in H0 in H0O
. a a a b b a)0.B a)0.F
Concentration 0.1 0.1 0.1 2 5 85° b)10 b) 10
Temperature
of extraction 80 80 80 37 37 80 2)80 2)80
o b)37 b)37
(°C)
Time of
. a)30 a)30
extra_ctlon 30 30 30 120 120 30 b)120 b)120
(min)
2 Concentration expressed as (Mfoncentration expressed as (% whgpncentration expressed as (% v/v).
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3.1.7 HPLC-MS/MS parameters for lignan analysis iInESPRESSO AND R&G COFFEE
HPLC MS/ MS studies were performed using an Agil

6420 from Agilent Technology (Santa Clara, CA) equipped with an ESI source operating in negative
ionization mode. The separation of lignans was achieved omedeki C18 analytical column (50 mm

I 2.10 mm i.d., 2.6 e€em) from Phenomenex (Cast
HPLC MS/ MS acommpbsgctbyg satem(@)amtiP L C gr ade abotewitbOmot r i | e
formic acid. The separation wabtained flowing at 0.4 mL/minute with this gradient elution: O
minute (15% B), 5 minutes (40% B), 8 minutes (15% B) and then constant until the end of the run
(10 minutes)Before useall solvents and solutions were filtered througha 2 e m p dtdry a mi
from Sartorius Stedim (Goettingen, Germany) The i nj ecti on vol ume was
the column was 30C, and the temperature of the drying gas in the ionization source wa&350

The gas flow was 11 L/minute, the nebulizer pressure wasi5@nd the capillary voltage was 4000

V. Detection was performddly el ectr ospray ionization (ESI) N
areas were integrated for quantification. To enhance the sensitivity, the acquisition time was divided
into 2 periods. Thenostabundant product i@wereused for quantitation, and the rest of the product

ions were used for qualification. The selected ion transitions and the settings of the mass analyser are

reported inTable 4.

Table 4 HPLGMS/MS acquisitiorparameters (MRM mode) used for the analysis of the target lignans.

Time  Precursor Product Fragmentor Collision Retention Polarity

Compounds window ion ion V) energy time
(min) (m/2 (m/2 V) (min)
165 21 .
SECO 1.53.0 361 121 135 37 2.23 Negative
LARI 1.53.0 359 329 89 > 2.45 Negative
3 160 37 ' g
8F 21 .
MAT 3.0end 357 129 120 29 3.80 Negative

&b, cThese product ions wensed for the quantification; the rest of the product ions were used for confirmatory analysis.
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3.1.8 HPLC-MS/MS parameters for lignan and isoflavone analysis iGREEN COFFEE
HPLC-MS/MS studies were performed using an Agilent 1290 Infinity series and a Triple Quadrupole

6420 from Agilent Technology (Santa Clara, CA) equipped with an electrospray ioniZ&tI)

source operating in negative and positive ionization mode. The separation of target compounds was
achieved on a Kinetex C18 analytical col umn (
(Castel Maggiore, Bologna, Italy). The mobile phase foLEHMS/MS analyses was a mixture of

85% water (A) and 15% HPL-Grade acetonitrile (B), both with 0.1% formic acid. The separation

was obtained by flowing at 0.4 mL/min with this gradient elution: 0 min (15% B), 5 min (40% B), 8

min (15% B) and then constanntil the end of the run (10 min). All solvents and solutions were
filtered through a 0.2 em polyamide fil¢ter f
injection volume was 2 ¢glL. T°6@ and thes temperatuset oithee o f
drying gas in the ionization source was 380 The gas flow was 11 L/min, the nebulizer pressure
was 50 psi and the capillary voltage was 4000
monitoringo (MRM) mode. The rhuRnifictienaTlo enbance the we
sensitivity, the acquisition time was divided into three periods. The most abundant product ion was
used for quantitation, and the rest of the product ions were used for qualification. The selected ion

transitions and the ass spectrometer parameters are reportédlte 5.

3.1.9 Principal Component Analysis (PCA)
Chemical differences among the various green coffee samples, in terms of lignan and isoflavone

contents, were analysed by PCA using the statistimiivare STATISTICA v.7.1 (Stat Soft Italia
S.r.l., Vigonza, Italy). For the purpose, a covariance matrix composed of 25 coffee samples and 8

variables (200 data) was built and eigenvalues were calculated.
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Table 5 HPLGMS/MS acquigion parameters (MRM mode) for determination of lignans and isoflavones.

Time Precursorion Production Fragmentor Collision Retentiontime .
Compounds ) _ Polarity
window (m/2) (m/2) V) energy (V) (min)
L 253 13
Daidzin 0-3.2 417 102 1.03 Positive
199 45
o 271 13 -
Genistin 0-3.2 433 100 1.63 Positive
91 77
. L 163 21 .
Secoisolariciresinol 0-3.2 361 135 2.23 Negative
121 37
o 329 5 _
Lariciresinol 0-3.2 359 89 2.45 Negative
160 37
o 208 29 _
Daidzein 0-3.2 253 155 2.70 Negative
132 41
o 83 21 ,
Matairesinol 3.24.2 357 120 3.68 Negative
122 29
oL 159 25
Genistein 3.24.2 269 144 3.80 Negative
133 31
. 262 10
Formononetin 4.2-end 267 112 4.57 Negative
233 26
. . 268 17
Biochanin A 4.2-end 283 135 6.05 Negative
239 33

aThese product ionwere used for quantitative analysis; the rest for confirmatory analysis.



3.2 Optimization of espresso coffee extraction
3.2.1Materials and Standards
Standards of caffeine, trigonelline;(Gcaffeoylquinic acid (8CQA), 3-O-caffeoylquinic acid (3

CQA) and 3,&di-O-caffeoylquinic acid (3,8iCQA) werepurchased from Sigmaldrich (Milano,
Italy). Divinylbenzenecarboxerpolydimethylsiloxane (DVBCAR-PDMS) Stable Flex fiber of
50/30 um was acquired (Supelco, USA) and usedtfe HSSPME. HPLC-grade methanol was
supplied by Sigm&ldrich (Milano, Italy) and HPLGgrade formic acid99%) was supplied by
Merck (Darmstadt, Germanydndividual stock solutionsf caffeine, trigonelline, ££QA, 3CQA

and 3,5diCQA were prepared by skolving 10 mg of each compound in 10 ml of methanol (HPLC
grade, 99.9%; SigmaAldrich, Milano, Italy) and stored in glassoppered bottles at 4°C. Standard
working solutions, at various concentrations, were daily prepared by appropriate dilution afsaliqu
of the stock solutions in methanBleionized water (> 8 M/cm resistivity) was obtained from the
Milli -Q SPReagent Water System (Millipore, Bedford, MA). All solvents and solutions were filtered
through a G5 pum polyamide filter fronSartorius Stedim (Goettingen, Germany) before Bs&re
HPLC analysi s, al l sampl es mme rOe. 4f5i letne rydr iwnigt

Phenomenex (Castelmaggiore, BO, lItaly).

3.2.2Coffee samplesand coffee bean preparation
Coffee beansi.e., 100%Coffea arabica.. ( ar abi ca) from fALe Piantagi

Italy) roasting company, supplied by Simonelli Group.5., have beemised foitheresearclproject.
The coffeeof certified geographical origin from Americaassuggested by certified roasters for EC
preparationFrom now on, the coffee cultiveasimply referred to as arabicah& arabica beans were
kept under sealed packagggoom temperaturand were opengdst before grinding. Coffee beans
were milled between fine and medium sizethg a Mythos 1 grinder from Simonelli Group3..
(Belforte del Chienti, Italyand were separated &S 200 Control vibrational sieve machine from

Retch (Germany)sing variousieve plates. The grinded coffee was separatediete plates with
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200-300 pm, 306400 um, 406500 um and 5001000um. A Crystal Seriesnalytical scaldrom

Gibertini, (Italy) was used to weigh 12 and 14 g of separated ground coffee

3.2.3 Particle size analysis
Coffee beans, after passing comminution process, were analysed by Mastersizer 3086riasro

dry dispersion unit (Malvern PANalytical Ltd., UK), which uses a laser diffractiangasure the

size of particles (from 0.01 to 35@én). The instrument operates with continuous air flow, generated

by industrial compressor at 6.5 bar, that penetrates into Aero dry dispersion unit, which transfers the
particles at 23 bar to laser diffraain. In this way, the particles move in laminar flow and the vacuum
extraction unit (KARCHER Professional NT 45/1 Tact, Germany) removes samples from Aero dry.
The grinded and separated coffee powder with various particle sizes were colleptationfor
Mastersizer 3000 and the rest for extraction of espresso coffee. The size of particles for each sample

were examined in fivefold and the mean value was used for comparison

3.24 Espresso coffe@reparation
Espressaoffee was extracted using a VA388 &taEagle espresso coffee machine from Victoria

Arduino (Simonelli Group $.A., ltaly). Preliminarily, for each filter baskdi, B and C) the
grinding machine has been tuned and calibretedtain optimal EGfor two espressat4+0.01g in

filter basket, 5G 2 ml in cupand25* 1 s of extractionithout separating ground coffbg sieves

After calibration, grinded coffee was separated by a vibrational stapmarated microns (28D0

pum, 300400 um, 406500 um and 5001000um) and weights (12nd14 g) of ground coffee were
transferred in three different filter baskets gtandardaround 30Qum sized B: 180 um sized filter
basket C: net designed on the boundary of filter baskeprepare different espresso coffee samples
which were analysed faontent ofT S, bioactive compoundand aroma compoundgo preparehe

EC samplesthe machinewas set at the followingconditions: 25s, 93 °C, 9 barsand 5 mmof
perforated disc

Lateron, the influence of different perforated disc heights was evaluated using standard filter basket
(A). After calibration, he EC extraction was performed using 12 and 14 g of ground coffee by
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modifying the height of the perforated disc (4, 5, 6 and 7 mm). The perforatedaisassembled
under the shower to adjust the distance between the coffee cake and the Shevestraction of
ECs for eachperforated dis§4-7 mm with 12 and 14g) wasimplemented in two ways: first, the
extraction time was kept constant and second, the extracted velasn@aintained constant. These
parameters were automatically adjusted by the program of the espresso machiheg2énds and
50 £ 2 ml for two esprescs). The utilizad water waghe same production batch ofr@nimally
mineralized water (Blue#Acqua Minerale Naturalaninimamenta mineralizzata, ItalyJhis water

is commercially available and iteineral contentsvas total solids at 180C (22.0mg/L); HCGs

(9.5 mg/L); C&" (2.8 mg/L); Mg (0.45 mg/L); SiQ (7.3 mg/L); NG (1.0 mg/L); N4 (1;8 mg/L);
SO (3.6 mg/L); C1(0.21 mg/L); K (0.20 mg/L); F(< 0.10 mg/L) All extracted EC samples were
performed in triplicate anadnmediately collead from the portafilter of the espresso machine in a
ceramic espresso cup, and the weight of the extracted EC samples was measured by Hario and Acaia

balance.

3.2.5 Totalsolids (TS)
TS weremeasured byollowing a developed procedu(€aprioli et al., 2012; Parenti et al., 2014)

with some modification. Briefly, 1 ml of espresso coffee was collected anddmezhuntil constant
weight was reached 2 h, 100+ 2 °C). TS wasdefined as ratio betweeairy coffee residuand the

volume of EC(w/v) expressed in mg mL

3.2.6 Analysis of caffeine, chlorogenic acids and trigonelline
The analysis of caffeine, trigonelline and chlorogenic acids were performed following previous

developed method&Caprioli et al., 2014, 20131 mL of espresso coffee was dédd 50 times in

mobile phase and an aliquot of supernatant was collected and centrifuged at 13300 rpm for 10 min.
Before HPLGvariable wavelength detectyWD) injection the sample was filtered using a 0.45

pum syringeless filterf-or caffeine and trigonellin@nalysisthe analytical colummwas aGemini C18
110A (250 x3mml . D. , 5 &m, Phenomenex, Cvmascerhposedeof U. K

water with 0.3% of formic acid/A) and methanol (B). Thélow rate was 0.4 i mint with this
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gradient elution0 min, 25% B; 010 min, 60% B; 1015 min, 60% B; 1620 min, 25% B and B

was kept constanintil the end of the ru25 min). The injection volume was 10 and HPLG

VWD experiments were carried out using a Hewlett Packarad @®&b, CA, USA) HR1090 Series

II, made of an autosampler and a binary solvent pump, equipped with a variable wavelength detector
(VWD). HPLC-VWD analyses were performed at two different wavelengths in the same run: 265 nm
for trigonelline and 270 nm focaffeine. The quantification of chlorogenic acids, such a®-3
caffeoylquinic aciq3-CQA), 5-O-caffeoylquinic acid5-CQA) and 3,50-dicaffeoylquinic aciq3,5
diCQA), was carried out through the same instrument but using as analytical coRorar&P 80

A (150 x 4.6 mm I.D., 4m) from Phenomenex (Chesire, U.K.). The mobile phasecoraposed of
water (A) and methanol (B), both containing 0.1% of formic acid theflow rate wasl mL min™.

The solvent composition varidcbm 0-5.5 min: 25% B (v/v); 5.8 min: 50% B (v/v); 813.5 min:

50% B (v/v); 13.518 min: 25% B (v/v). The injection volume was 5 pL. HRME@VD analysis were

performed monitoring 325 nm fail chlorogenic acids

3.2.7Analysis of volatile compounds
Just after brewing, 2 ml of EC was placed in 20 mL screw top vials for the analysis of volatile

compounds usindneadspacesolid-phasemicroextractiongas chromatographyass spectrometry
(HS-SPMEGSMS). The instrument was equipped with PAL3 auto samprstem.
DVB/CAR/PDMS fiber (Sigma Aldrich, Milan, Italy; 10 um thickness)was used according to
previous work (Bressanello et al., 2017; Caprioli et al., 2012; Risticevic et al., 2008)vial was
tightly screwed on magnetic cap wiBTFEsilicon septum and the system was set for autamati
functioning mode. The sample was placed into a stirrer, incubated &, &hd stirred at 25(pm

for 20 mins. Then, HSPME automatically was inserted in the sample and remainetdn2forthe
extraction After adsorption, HSPME automatically injeetl the analytes into the gas
chromatographic system. A desorption timé& afin was sufficient to desorb analytes from the fiber.
Cleaning was automatically performed with PAL system by inserting theifidbe conditioning
port at 230 C for 20 min afteeach process. A gas chromatograph/mass selective detector (GC/MSD
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T Agilent, Santa Clara, CA, USAgilent 7890B GC Hardware with Agilent 5977 Series MSD and
Mass Hunter GC/MSD Data Acquisition) was used. The column used for separation W8 XB
(0.25mm x 60m x 0.25um - Agilent 1227062, CA, USA). The workstation in the @@S system
was anAgilent Chem. The flow rate (He) was 1.2.min! under splitless mode. The temperature
of the injector was 260C. The temperature for the column waegrammed: from 33C (4 min) to
120°C (2.5°C per min), and from 120C to 250°C (15°C per min); then, 40 °C for 3.33 min
remained plateau and the total run time 4&8min. Data were acquired through the electron impact
(El) mode andull-scan acgisition mode by monitoringrom 25 to 500 m/zEach sample was

injected three times and values were expressed as the means of three replicates.

3.2.8 Statistical analysis
Data on selected volatile compounds were examined by principal comporadysis (PCAusing

Statistica v.7.1 (Stat Soft Italia, Vigonza, Italy). PCA was applied in order to visualize information at

various particle sizes that were used for EC extraction in three filter baskets.
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3.3 Studies on coffee silverskin
3.3.1 Materials and Standards
Reference compounds were purchased from Sigma Aldrich (Taufkirchen, Germany), Alfa Aesar

(Karlsruhe, Germany), Symrise (Holzminden, Germany) and Merck (Darmstadt, Germany).
Dichloromethane, diethykther, and pentane were freshly distilled before use. Silica gel 60
(0.0407T0.063 mMm) was pur chas eadd ptrified s d&taldgh a( Dar r
previous work(Steinhaus, 2015Mercurated agarose gel was prepared from@#l 10 (BieRad,

Munich, Germag) ( idBRad Laboratori es, Ml othec ¢chemicalsewenma n vy

analytical grade.

3.3.2 Coffee sampkeand volatile isolation
Coffee silverskinCS)and coffee beafCB) samplesnamely 100% Gffea arabical. var. Catuai

Rosso coming from Naranjo, Santa Cruz region, (Guatenweag provided by Perfero Caffé
(Altidona, Italy) roasting company. The coffee berries were submittethtoralmethod and dried

for 24 daysn African bed About200 g of coffee silverskin &re collected from 20 kg of green coffee
after the roasting process. Samples were kept in vacuum sealed 24fCat

Just lefore the extraction proce$3S was immergkin liquid nitrogen and milled by GM 200 Retsch
GrindoMix (time: 10 s; speed: 4000 rpm; in bodationdirection). CBwas processed into a powder
through6875 Freezer/Mill High Capacity Cryogenic GrindS&PEX SamplePreBtanmore UK)

using following program: preool, 2 min; run time, 1 min; coolrtie, 1 min; cycle, 3; rate, 14 cps.
The volatile compounds in 20 g of @8dCB powderwere extracted with 250 ml of dichloromethane
under stirring at room temperature foh. After filtration with filter paper, the volatile compounds
were removed fronthe extract bySolvent Assisted Flavour EvaporatidBAFE) at 40°C (Engel,
Bahr, & Schieberle, 1999The SAFE distillate was dried by adding anhydrous sodium sulfate and
concentrated to 1 mL by using a Vigrezodumn (50x 1 cm)andthena Bemelmans microdistillation
device(Neiens & Steinhaus, 2019)he concentrated volatile extrastere kept at20 °C andthe
odorevaluationof a small amount of CS and CB extracts using fragrance test strips demonstrated the

aroma equivalence to starting materials.
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3.3.3 GGO/FID
A Trace GC Ultra gas chromatograph (Thermo Scientific, Dreieich, Germany) was equipped with a

cold-on-column injector, a flame ionization detector (FID) and a taiha@de sniffing por{Steinhaus,
Sinuco, Polster, Osorio, & Schieberle, 2Q08yo types of fused silica columns were used for volatile
separationa) DB-FFAP (30 m x 0.32 mm i.d., 0.25 pm film thickneds) DB-5 (30 m x 0.32 mm

i.d., 0.25 pm film thickness) (both Phenomenex, Aschaffenburg, Germany). The carrier gas was
helium (He at 60 KPa (DBFFAP) and 65 KPa (DB) and thanitial temperature of the oven was
40°C ( 2 min) andampedat 6 °C/min to 230C (DB-FFAP) and to 240 °C (D). The temperature

was then maintained constant for 5 min (both colgfmihe end of the analyital column was
connectedo a deactivated haped glass splittevhich dividedthe column effluenin two equal
partsthat weredirected via deactivated fused silica capillaries (50 cm x 0.25 mm i.d.) to the FID (250
°C) and the sniffing port (230 °C), respectiveline injection volume was L. A trained person
during theGC-O analysis placedthe nose in the region above ttop of the sniffing port and
evaluated the odor effluenth@ positiols and the descripti@of the odos weremarked on the FID
chromatogram registered by a record@mn. both columns, a lineaetention inéx (RI) of each odor

was calculated from their retention times and the retention times of adjaedkames by linear

interpolation.

3.3.4 AEDA
The concentrated volatile extracts of CS and CB were injectedG@®/FID. The GGCO/FID

analysis were carried out by three differratned and experienced sniffet&/¢ males, onefemale;

age &1 40) using DBFFAP column as well as BB column. The training consisted in weekly
sensory evaluation sessions of reference odorants dissolved in water and the evaluation of reference
mixtures by GGO analysisEach sniffer repeated the analysis until data was reproduéitima

Extract Dilution Analysis (AEDA) was performed by stepwilkiting, with dichloromethane (1:2,

1:4, 1:8, 1:16, 1:32, etc), the coffee concentrated volatile extraath dluted sample was then

injected to GGO/FID using DBFFAP column A flavour dilution (FD) factor was assigned to each
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odoractive compoundrepresenting the dilution factor of the highest diluted sample in wthih

odorant was detected during GIFID analysis by any of thiairee sniffers.

3.3.5 Fractiomation of Coffee Silverskin and Coffee Bean volatiles
The fractioration of volatile extract was performed to simly theCS and CB SAFE distillatend

consequentlyto have less coelutioturing GC separatig@mimed to facilitate theMS identification.
Seven different fractions, i.e., acid volatile fraction, 5 neutral and basic volatile fsaatidrthiol
volatile fraction, were prepared according to edotive conpoundscommonly reportedn coffee
(Czerny et al., 1999; Czerny & Grosch, 2000; Sunarharum et al., .2Q18AFE distillatewas
fractionatedvith acid-base extraction into a fraction of aicigolatiles ancheutral and basvolatiles.

In detail, SAFE distillates of CS and CB were extracted with aqusmdism carbonate solution (0.5
mol L) in three portions300mL total). The organic phase (dichloromethane), containing the basic
and neutral volatiles, were dried wahhydrous sodium sulfagsd concentrated to 0.5 nbly using

a Vigreux column and then a Bemelmans microdistillation dev{®¢BF). The aqueous phase,
contaning the acict volatiles, was washed with dichloromethgb@ mL) and theracidified with
hydrochloric acid (32%) t@H 2. Subsequentlyvolatiles were extracted ithree portions with
dichloromethane (300 mL total) and the remaining water was removedyilng over anhydrous
sodium sulfate. Finally, organic phase was concentrated tolO(BF). The neutral and basic volatile
fraction(NBF) was separateohtoa slurry of purified silica gel (9 gh pentanaisinga watercooled

(12 °C) glass column (1 cm i.d.The elution was carried out with five different mixtures of
pentaneadiethyl ether: A, 10M; B, 9010; C, 7030; D, 5050; E, 0100(v:v; 50 mL each The eluate
was collected in five portions of 50 mL aalliate portions were concentrated to 0.5({NBFA-E).
Another SAFE distillatewas wsed to prepare thiol volatile fraction. The thiol volatile fraction was
carried out following a published procedy®teinhaus, 2015Briefly, the concentrated volatile
extracs of CSand CB werdnjectedonto mercurated agarose gel (1 g) in a glass column (0.5 cm

i.d.). Then, the column was rinsed with dichloromethane (50 mL) and the thiol volatiles were eluted
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with dithiothreitol (10 mmol/L) in dichloromethane (50 mL). The excess itffialhreitol was

removed by SAFE distillation, and the distillate was concentrated tolO(JR).

3.36 GCxGC-TOFMS
The system consisteaf a 6890 Plus gas chromatograph (Agilent) and a Pegasus Ill TOFMS (Leco,

M°nchengladbach, Germany). The GC was goed with a KAS4 injector (Gerstel,dMIheimRuhr,
Germany). The injector wa®nnected to a fused silicalumn, DBFFAP, 30 m x 0.25 mm i.d., 0.25

em film (Agilent). The end of this col tbpPn was
mx0.15mm i .d., O0.30 em fil m d¢olgniwasepassed throuflnaeliquidr o n
nitrogencooled duaktage quaget thermal modulator (Leco), thmajor part was installed in a
secondary oven mounted inside gnemary GC oven, and trelumn end was connected via a heated

(250 °C) transfer line tthe MS inlet. Helium at 2 mL/min constant flow served as the carrier gas.
The temperature of the first oven was 40 °C for 2 min, it ramped up at 6°/min to 230 °C, and held for
5 min at 230 °CThe modulation time was 4 s. The temperature of the secondary oven was 70 °C for
2 min, it ramped up at 6°/min to 250 °C, and held for 5 min at 250 °C. The mass spectrometer was
operated in the EI mode at 70 e VrateovilOD $pecaa/ss c an

Data evaluation was performed by means of GC Image (GC Image, Lincoln, NE, USA).
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4. Resultsand Discussion

4.1 Lignan and isoflavone in coffee

4.1.10ptimization of HPLC-MS/MS analytical method for lignan quantification in
ESPRESSOAND R&G COFFEE

The HPLC tandem mass spectrometry instrument
chosen for its capacity to separate, identify, and quantify biological compounds in sensitive and
specific manner. MS/MS acquisition parameter$/RM mode of our newly developed analytical
method are shown ifiable 4. Each lignan showed different transitions with different intensities, and
the most abundant product ion was used for the quantification analysis while the others to confirm
the identification. Different conditions of the ion source have been tested, in particular at the gas
temperature of 300C, LARI precursor ion was [M+HCOOjon with m/z 405. The product ion
spectrum of the [M+HCOO]on produced prominent [[M+HCO&ICOOHCH:0] ions by a loss

of HCOOH and CHO (giving thenvz 329). When the temperature of the gas was raised t6G350
precursor ions for all 3 | i gin megasive potanitye asdhevnr ot o
in Table 4. The product ion spectrum of tma'z 359 (precursor ion chosen for LARI) produced

pr omi ne nt ions,Mrobbdblydb@chuse of formaldehyde lose. This behaviour is common for
butanediol lignans, like SECO, bignans contained hydroxymethyl groups can have similar loss as
well. For SECO, the fragmentation of its precursor imfz 361) produced mainlyr/z 165 species,
probably because of a cleavagebin p o s(EktundoBackman, Kronberg, Smeds, & Sjoholm,
2008) Moreover, at 350C, as temperature of the drying gaghe ionization source, we found an
increase of product ioabundanes for all 3 compounds; therefore, these conditions alevsen for

the lignan monitoring.Regarding the optimization of lignan separatiawo were the best
chromatogramsas showrin Figure 3, obtained after a series of attempts using different conditions.
The first(Figure 3a) has been achievéldwing at 0.4 mL/minute, witlthis gradient elution: O minute

(30% B) in isocratic conditions undl5 minutes4.5-6 min (80% B),6-6.5 min(80% B),6.5-8.5 min

(30% B) and constanintil the end of the run (10 min). The mobile phase was 0.1% faaonkcin

water (A) and 0.1% formic acid in methanol (B). Tétediedcompoundswere eluted within 6
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minutes. The seconchromatogran{Figure 3b) hasbeen achieved with the optimized and chosen
chromatographygonditions reported previouslghiapter3.1.7 HPLGMS/MS parameters for lignan
analysis in espresso and R&G cojteEhe mobile phase in thcase was composed by 0.1% formic
acid in water (A) and@.1% formicacid in acetonitrile (B). Under these conditions, narrower peaks
andhighest resolution has been obtained as well. Moreover, lignanselwed within 4 minutes.
Therefore, these parameter®.(iwith acetonitrile as mobilphase(B)), have been chosen for our

studies
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Figure 3a andb. HPLC-MS/MS chromatograms of a standard mixture of investigated lignans by using two
different elution conditions:a) mobile phase: water and methanol both with 0.1% formic acidlgndater

and acetonitrile both with 0.1% formic acid. Total ion chrorgeams (TIC) and MS/MS product ion of the
guantitative transitions are reported for all compounds.
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4.1.2Validation of HPLC-MS/MS analytical method for lignan quantification in ESPRESSO

AND R&G COFFEE

Various parameters such as limits adtection (LOD), limits ofquantitation (LOQ), linearity,

repeatability, specificity, and matreffects have been chosen and investigated for the validation of

developed analytical methods for lignans quantification in espresso and R&G(Gaiide 6).

Table 6. Validation data of HPLAMS/MS analytical method for lignan analysis: concentration range of
calibration curve, regression equation, coefficient of determinatiép {Rit of detection (LOD), limit of
guantification (LOQ), inteday and intraday repeatability.

Compounds

SECO

MAT

LARI

Concentration range
(Mg L)

Regressiorequation

RZ

LOD (ug L™H)*®

LOQ (ug L™)°®

Intra -day repeatability
(RSD %)

Inter -day repeatability
(RSD %)

5-10000

y=663.66x + 101

0.9968

1.75

5.72

10-10000

y=179.97x + 32.68

0.9964

10

7.34

12.12

5-10000

y= 814.92x + 146.54

0.9944

4.18

8.38

2LOD (limit of detection)= ratio of signal to noise (S/N) = 3LOQ (limit of quantification)= ratio of signal to noise

(SIN) = 10.

LOD and LOQ were calculatedas 3:1and 19l gnal t o

n o bysingectingagtadually o bt a

lower concentration aftandardnixturescontainingthreelignans. The LOD and LOQ for SECO and

LARI were 2 and 5ug L™ respectively, whereas those for MAT were 3 a0qug L. These values

are lower tharfHorn-Ross et al., 2000; Kuhnle et &008; Mazur et al., 199@y similar to(Milder

et al., 2004; Sapozhnikova, 201hpsereported in literaturd.inearity was calculated injectirgggven

different dilution levels, fronb to 10000ug L%, of standard mixtures dhreelignans, in triplicate.
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Calibration curves were based on pea#as of standard mixturessavendifferent diluting levels.
Determinationcoefficients, R, for SECO, LARI,and MAT were 0.9968, 0.9944, and 0.9964
respectively, which impliegood linearityl nt r aday repeatability or ru
repeatability or day t o danepliqatessar eashicancentratem oger o b t
the course of 5 days. The RSsged from 1.75 to 7.34% for intraday repeatability and from 5.72

to 12.12% for interday repeatabilitysing tandem masspectrometry, high specificity has been
achieved. The specificity of method was evaluated both meastgiagtion time stability and
utilizing multiple pairs of precursor/produicns. Retention time stability, for each compound, was
examined timesover a period of 5 days (n = 25). The retention times statde, with RSD% values

00 . 48 %.

For espresso and for R&G coffeeg also evaluated matrix effects, which are defined by the IUPAC

as AThe combi ned eoftheesaniple athfer thahelanalgte® on th@aasunerhest

of the quantity. If a specific componesdn be identified as causing an effect then thisfesred to

as i nt e(rifMarternicxe OE fnimassspectromeyOnithBaj ESI source, interferences are
compounds present in the matrix that can influgheeefficiency of analyte droplet formation and
affect the amountof the analyte ions formed in the gplkase that reaches the detedtdosetti,
Mazzucco, Zampieri, & Gennaro, 201Therefore, the analysis results may differ dependimthe

solvent or matrix containing the analytes. Hus reason, signauppression/enhancement per cent
(SSE %) should be studied. We did so by dividihg slope of the matrimatched calibration curve)

by (the slope of the calibration curve) and multiplying b§0 (Sulyok, Berthiller, Krska, &
Schuhmacher, 2006) he matrixmatched calibrationurve was prepared by adding certain antsu

of standards to extracted samples and subtractinggddn concentration, the amount of lignans
measuredh the blank extract. An SSE (%) of 100 indicates that there is no matrix effect, while values
100 indicate signal sndigate isignal €nhanoeme@arnresultsoa | u e s
espresso coffeshowed signal suppression for SECO and LARI with values of 26.2% and 31.5%

whereas for MAT a signal suppression slightly lower, 44.2% shown inTable 7, alsoground
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coffee samples showddgh values of matrix effects for SECO (SSEL1.71%) and LARI (SS&
38.28%) but a lower value for MAT (SSE/6.14%). This could be due to the presence of some
interferences, like ionic species (inorganic electrolytes or salts) and polar compounds (ptietols)
could be extracted from the water used for enzymatic digestion, since higher levels of ion suppression
were found for more hydrophilic analytes (SECO and LARI). In fact, it has been reported that signal
suppression also depends on the hydropholo€ifye analyte and its affinity for the stationary phase.
When using reversphase stationary packings, the effect is generally lower for thehydrephobic
compounds like MATGosetti et al., 2010Matrix effects have been considered for the quantification

of lignans in 9 ECs and in 30 different ground coffee samples.

Table 7. Evaluation of matrixeffect: comparison between slopes of calibration curves and signal
suppression/enhancement SSE (%) for the target lignans in ground coffee hydrolyse#adiastase 2%
(w/v) (Method 5R&G).

Slope R?
Compounds
Matrix Solvent Matrix Solvent SSE%)
SECO 276.81 1271.10 0.9907 0.9981 21.71
LARI 589.48 1539.70 0.9990 0.9994 38.28
MAT 134.32 176.41 0.9986 0.9996 76.14
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4.1.3 Optimization and validation of HPLC-MS/MS analytical method for lignan and
isoflavone analysis IGREEN COFFEE

A new analytical method for simultaneous quantitation of three lignans (secoisolariciresinol,
lariciresinol and matairesinol) and six isoflavones (daidzin, daidzein, genistin, genistein,
formononetin and biochanin A) was developed by using HMSIMS triple quadrupole. For
isoflavones in glycosidic form, the precursor ions were protonated molgtditéd] * in positive
polarity, whereas for the aglyconic form and lignans the precursor ions were deprotool@ades

[M-H] in negative polarit§Caprioli et al., 2016)The chromatographic sep#ion was characterized

by good resolution and short run time, with the target phytoestrogens eluted withinTeabim5).

As an examplekigure 4 shows te HPLGMS/MS chromatogram of standard mixture of the nine
isoflavones and lignans plotted as overlapped multiple reaction monitoring (MRM) transition of each
compound. The validation parameters studied were linearity, limit of detection (LOD), limit of
guantification (LOQ), repeatdhy, specificity and matrix effectTiable 8). Linearity was tested by
injecting seven different concentrations of the three lignans and six isoflavones, in triplicate, then
plotting and calculating calibration curves with the respeditermination coditients (R). All

target molecules showed good linearity, since thedialled or exceeded 0.9952. LOD and LOQ
were calculated by injecting gradually lower concentrations of standard compounds and measuring
the signaito-noise ratio (SNR), using MassHentSoftware from Agilent Technology (Santa Clara,

CA). The standard concentration with SNR=3 was assigned to LOD, while that with SNR=10 to
LOQ. The method revealed good sensitivity for both isoflavanedignans, since the LODs ranged

from 0.1 to Sug L and from 1.5 to 15ig L, respectively, levels lower than those reporte(Hurm-

Ross et al., 2000; Kuhnle et al., 2008} similar to the results gAlves et al., 2010; Caprioli et al.,

2016) Method repeatability was tested by injecting 5 replicates for each standard concentration over
thecourse of five days. Theinidaye peat abi | i ty or r u rdayrdpeatabiityun p
or day t o day precision were expressed by F
ranged from 0.40 to 4.17% for rao-run precision and from 4.64 to 10.37% for deydaypredsion.

Repeatability was also evaluated by measuring the RSDs of recovery replicates fstudiach
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method. High specificity was obtained using HRMS/MS working in MRM mode. The method
specificity was evaluated by measuring retention time stability setting multiple pairs of
precursor/produdbns. Retention time stability for each molecule was studied 5 times over a period
of 5 days (n=25) and expressed by RBBnce RSDs were in all cases lower than or equal to 1.93%.

We also evaluated the mateifect by studying signal suppression/enhancement (SSE). SSE (%) was
calculated by dividing the slope of the standard addition curve by the slope of the calibration curve
and multiplying by 10@Sulyok et al., 2006 An SSE (%) of 100 means no matrix effect, while values
100 me an signal suppression and values 10
enhancement was found for formononetin (SSE=111.6%), while other compounds showed marked
signal suppression (fno 22.7 to 75.9%). Those values could be due to the presence of interferences
that can reduce the ionization process by affecting the analyte droplet formation or evaporation as
well as the amount of the analyte ions formed in the gas phase that readtetedt@(Gosetti et

al., 2010) Matrix effects were considered for the quantification of lignawkisoflavones in 25 green

coffee samples.
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Figure 4. HPLC-MS/MS chromatogram of a standard mixture of nine isoflavones and lignans plotted as overlapped multiple reaction mdRitd)inguisition
of each compound.
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Table 8 Validation data of the HPL®&MS/MS method for analysis of lignans and isoflavones.

Repeatability Repeatability

comports (TS et 10 X0 (R e’ i’ ssew
Biochanin A 1-10000 y =39043x+ 5091.10 0.9970 0.3 1 1.01 6.81 74.8
Daidzein 1-10000 y =2794x + 626.71  0.9952 5 15 0.40 8.03 22.7
Daidzin 1-10000 y = 33416x + 1541.60 0.9993 0.2 0.6 4.17 8.98 365
Formononetin 1-10000 y =36112x + 6052.20 0.9956 0.1 0.5 1.87 6.44 1116
Genistein 1-10000 y =3052.2x + 527.99 0.9970 15 5 0.87 7.44 582
Genistin 1-10000 y = 27136xX 454.38  0.9985 0.5 15 3.73 9.75 57.4
Lariciresinol 1-10000 y = 1537xi 49.64 0.9983 15 5 1.54 9.68 287
Matairesinol 1-10000 y = 228.06x 2.38 0.9982 15 50 3.56 4.64 759
Secoisolariciresinol 1-10000 y=1177.10x 39.24 0.9983 5 15 2.99 10.37 48.4

2LOD (limit of detection) = ratio of signal to noise (S/N) =*80Q (limit of quantification) = ratio of signal to noise (S/N) = $8SE % (Signal suppression/enhancement percent)
= slope of standard addition curte-slope of solvent calibration curve ratol00.
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4.1.4 Extraction optimization for lignan quantification in ESPRESSO COFFEE

Three different method$/ethod XEC, i.e. dilute and shooMethod 2EC, i.e. acid hydrolysis, and

method 3EC, i.e. enzymatic hydrolysis, habeen tested to identify the b@sbcess for the extraction

of lignansfrom EC matrix Firstly, dilute and shoot procedures have been carried out dithengC

sample in the aqueous portion (A) of mobile phase and injecting o

procedures, we obtainedthewarse s ul t s .

n

HPLC MS/ MS.

recover.i

es

relative standard deviations (RSD) were between 12.12%@®id%. These facts could be explained

through matrix effect thagenerated ionic signal suppressidon.enhance the extractiongqmedure,

we decided to use adydrolysis to release bond lignans from coffee sample. A high nushberd

hydrolysis procedures have been carried dwgble 1) and compared among them. The best

recoveries of acid hydrolysgocedures are shown Trable 9.

Wi

we I

Table 9. The best Recovery % (R %) values of lignans, in EC, for acid hydrolysis procedures at one spiking

level (0.5 mg.?).

Compounds?P

SECO LARI MAT
Method 2.1-EC 101 0 97
Method 2.2EC 84 0 100
Method 2.3EC 106 0 117
Method 2.4EC 99 0 93
Method 2.6EC 103 0 100
Method 2.7-EC 106 0 103
Method 2.8EC 96 0 93

aEach sample was analyzed in triplicate (n2RSD % (relative standard deviation percent) for each method was lower

than 8%.
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Recoveries were achievegikingthe matrixat 500 g L with three target lignangrom theTable

9, one thing is particularly remarkable: in all acid procedutesrecovery for LARI was always at
0%. This fact was probablyecause of LARI sensitivity in acmbnditions. Specifically, LARtould
rearrange to cyclolariciresinol (cLARI) at strong acidic conditinglfor, Smeds, & Holmbom,
2006) However, SECO and MAT showed good recoveries irrdinge of 84% to 106% and in the
range of 93% to 117% respectivellence, varying some conditions of acid hydrolysis like
hydrochloricacid normality, ratio of sample to acid and time, and temperat@pdraiction, recovery
amounts remained at similar levalgith the main purpose of increasing the recovery of LARI, we
decided to evaluate the enzymatic hydrolysis. We carmigddifferent enzymatic procedures,
reported inTable 1, using 4enzymes, i.eta k diastasecl a diagtasepapain, angrotease atwo
concentrations, testing alswvo temperatures andwo times of hydrolysis.Some enzymatic

hydrolysis procedures witlhe best recovengvels are reported ihable 10.

Table 10.The best Recovery % (R %) values of lignans for enzymatic hydrolysis procedures at one spiking
level (0.5 mg.?).

Compounds?P

SECO LARI MAT
Method 3.5EC 70 65 53
Method 3.6EC 82 78 91
Method 3.7-EC 81 76 70
Method 3.8EC 96 81 71
Method 3.9EC 98 79 82
Method 3.10EC 97 98 93
Method 3.12EC 91 76 75
Method 3.12EC 91 71 76

2Each sample was analyzed in triplicate (n2RSD % (relative standard deviation percent) for each method was lower
than7%.
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It is evident that recoveries of LARI, the rage of 65% to 98%, were much over the zero in all these
processesMioreover, recoveries of SECO and MAT resulted to bénénrang of 70% to 98% and
53% to 93% respectively. Thus, enzymdtydrolysis gave a significant improvement with respect
to theprevious method, especially for LARI. Changing the temperatuhgdrlysis from 25C to

37 °C, recovery levels wernacreased for eactmonitored enzyme type. The sole exception was for
procedure witiProtease because its values decreased with temperature incrieafing.at 25°C,

the recovery levels by using k diastase¢l a diagtasepapain, angbrotease proakures were in the
ranges of 53 tG0%, 78 to 91%, 70 to 81%, and 71 to 96% respectively, &hiBg °C were in the
ranges of 79 to 98%, 93 to 98%, 7@, and 71 to 91% respectively. Instead, comparing different
enzymes, the best procedures at°@5wee obtained withcl a diastase(Method 3.6EC) and
protease ethod 3.8EC) with the ranges of 7® 91% and of 71 to 96% respectively, whereas at 37
°C with cl a diaagtase Kethod 3.16EC) with a recovery from 93 to 98%. The lat{@ocedure,
Method 3.1€EC, was the best method for the extractiofigifans from EC samples, wiRoalmost
equal to 100% for th8 lignans.To conclude, various methods of dilution, acidic hydrolysis, and
enzymatic digestion have been evaluated. The best recovery (GEES: 97%, LARI: 98%, and
MAT: 93%) were obtained with the a diaatase at 10% (w/v), keeping the sample at@7or 3
hours(Method 3.16EC). For these reasons, this method has been chosémesmabplied to quantify

lignans in 9 different EC samples

4.1.5Extraction optimization for lignan quantification in R&G COFFEE
Since the extraction method significantly influentes determination of lignan content in coffee, it

is essential to choose the optimum method. We evalwatiedextractions, methaho extractions
andenzymatic digestions in terms of recovery. Recoverwds performedby spiking the matrix
with three target lignanat500ugkg?. To develop the extraction method, the same produbtiech
of MocCat coffee was used. First, vieed a strong acid extraction procedure to reléigaans from
ground coffee matrix. We supposed ttiese molecules could be present in coffee as oligomers,

is the case with flaxseeds, in which SEG€urs as diglucosideydroxymethyl glutaryl estdinked
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oligomers, whose bonds can be broken ustteng acid condition@~ord et al., 2001; Smeds et al.,

2007)

Table 11 Lignan recoveries % (R %) obtained usdifferentextraction methods. Recovery was achieved by
spiking the R&G coffee with three monitored compouat3.5mgkg™.

EXTRACTION SECO LARI MAT
PROCESSES P

Method 1-R&G 48 0 54
Method 2-R&G 73 51 39
Method 3-R&G 96 92 79
Method 4-R&G 79 0 65
Method 5-R&G 08 73 73
Method 6-R&G 111 122 80
Method 7-R&G 82 66 75

2All samples were analysed in triplicate (n=BRSD (Relative Standard Deviation) % for each sample was lower than
12.68 %.

As shown inTable 11, the recovery levelsf SECO and MAT for strong acid extraction weéi&o
and 54% respectively, while for LARI, it was 0@dethod tR&G). Therefore, thigprocess was not
chosen for our studidsecause it gave low recovery values for SECO MAd, and also because
under strong acid conditioh®\RI can be converted to cyclolariciresifioLARI) (Eklund, Sillanpaa,

& Sjoholm, 2002; Smeds et al., 2007; Willfor et al., 20@Biven thatLARI can be stable in mild
acid conditiongSmeds et al., 200,/A)ve tried a mild acid extractiqiMethod 2R&G), whichyielded
SECO, LARI and MAT recoveries of 73%1% and 39%, respectively, which, except forSCO,
were notsatisfactoryresults. The last attempt, atid conditions, was carried out using a solution of
50% of MeOH and 50% of HCI 2M and sonicatitige sample for 2.5 (Method 4R&G). The
recoveries of SECO (79%nd MAT (65%) were the highest alrted thus faihut once again LARI

recovery was 0%. Hence, agmocesses were abandoned and we moved on tonetbanolic
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extractions, and then enzymatic digestiovith two different enzymesglaradiastase andaka
diastaseComparing the methanolicd enzymatic result®, emerged that the best recovery values
wereobtained with methanolic extraction (MethodR&G), which yielded SECO 96%, LARI 92%
and MAT 79%,while high recovery percentages were also found wktraction by enzymatic
digestion wha we usedlaradiastase (Method-R&G), which yielded SECQ11%, LARI 122%
and MAT 80%, andakadiastas€Method 5R&G), which yielded SECO 98%, LARI 73%nd MAT
73%. The combined enzyme and methanethod {akadiastase in water/methanol, MethoR&G)
yielded lower levels: SECO 82%, LARI 66% al\T 75%. In summary, the best recovery results
were obtained with Methods 3, 5 andR&G. Thus to choose the most performing process, the total
lignanconcentrations, found it carrying out aktractionmethods, have been evaluated, as well. As
it is shownin Figure 5, the highest concentrations of lighamsre obtained with enzymatic digestion

usingtakadiastase€% (w/v) (Method 5R&G).
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Figure 5. Concentration of the total lignans, expressed in u§ kgund by carrying out different extraction

methods. Eachample was analyzed in triplicate. RSD % for each sample was lower than 11.5%.
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Considering that coffeleeans contain low level of starch, tamylase(takadiastasefould break
glycosidic bonds of other polysaccharide®, e.g.arabinogalactans, and make more available
monitored compound¢Redgwell, Trovato, Curti, & Fischer, 2002)Therefore, evaluating the
recovery levels of the singlgnans and total concentration of all three lignaniethod 5R&G was

chosen and then applied to quantif@nans in 30 different ground coffee samples.

4.1.6 Exraction optimization for lignan and isoflavone quantification in GREEN COFFEE
The extraction procedure is considered one of the most important stages of sample preparation in

food analysis and should be developed@ritmized for each analyte in each food mafkitortensen

et al., 2009)Therefore, & evaluated the different extraction methedsid (Methodl-GC) and base
hydrolysis (Methods 2 and-GBC), enzymatic digestions (Methods 4 andGE), methanolic
extraction (Method &5C) and combination processes (Methods 7 a@IC} - for their ability to
release bound and free compounds from the coffee matrix. For each method, recovery (R%) levels
werecalculated by spiking the matrix witbllowing levels:0.5 mgkg* for lignansand 0.05 mgg

! for isoflavones Considering that isoflavones in soy protiuhave been found to occur in an
unconjugated form (or aglycone) or in a conjugated f(giycoside, acetyylucoside and malonyl
glucoside)Ren, Kuhn, Wegner, & Chen, 200&hd that lignans in flaxseed occur mainly in oligomer
forms as glutaryl estdinked oligomerqFord et al., 2001we assumed that these compounds might
bepresent in green coffdeans under these forms as well, and reasoned that acid or base hydrolysis
might be useful fobreaking glycosidic and ester bonds. T,ivas evaluated the extraction efficiency

in acid and baseonditions.Table 12 reports recovergfor each extraction proceduhdethod :GC

(acid hydrolysis) showed good recoveries for secoisolariciresinol (94%), matairesinol (86%), daidzin
(77%) and genistin (72%), but lower levels for biochanin A (28%), daidzein (53%), genistein (54%)
and formonoatin (41%) and a total lack of lariciresinol, probably because under acid conditions

lariciresinol rearranges to (€yclolariciresinol (cLARI)(Smeds et al., 2007)
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Table 12.Comparison of the efficiency of several extraction processes, evaluating recovery % (R %) values. Recoveries were aghidvgdisymatrix with the
9 target compounds 0.5 mgkg* for lignans and 0.05 migy™ for isoflavones.

Extraction Processes

Method 1- Method 2- Method 3- Method 4- Method 5 Method 6- Method 7- Method 8-
Compounds

GC GC GC GC GC GC GC GC
Lariciresinol 0 39 75 38 90 93 94 5
Matairesinol 86 20 68 24 87 83 81 15
Secoisolariciresinol 94 57 104 63 97 90 74 48
Daidzin 77 69 68 1 8 89 83 0
Genistin 72 58 61 2 12 90 79 0
Biochanin A 28 0 78 5 1 94 75 0
Daidzein 53 0 73 33 15 94 89 0
Genistein 54 0 79 32 2 95 80 0
Formononetin 41 1 82 12 11 94 84 0

a All samples were analysed in triplicate (n=3); RSD (Relative Standard Deviation) % for each sample was less than adejal to
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Method 2GC (hydrolysis in water) revealed low recovery levels for all compounds, in contrast to
base hydrolysis in MeOH (Method@C). The latter process showed good recoveries for lariciresinol
(75%), secoisolariciresinol (104%), biochanin A (78%gnistein (79%) and formononetin (82%)
and slightly lower ones for matairesinol (68%), daidfi@%), genistin (61%) and daidzein (73%).
Further on we evaluated the efficacy of enzymatic digestions, in particular the activity of two
different enzymes: takdiastase (Method-&C) and claradiastase (Method-&C). Neither enzyme
was appropriate forxeraction of isoflavones, since recovery levels using-t#ikatase ranged from

1 to 33%, and those using clatastase from 1 to 15%. Considering the complex conjugated structure
with which isoflavones occur in some foodstuffs, it may be that the enaymessted are unable to
hydrolize the compounds. On the other hand, for lignan extratieprocess performed with clara
diastase revealed excellent recoveries of lariciresinol (90%), matairesinol (87%) and

secoisolariciresinol (97%3%imilar results vere obtained in espresso coffee.
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Figure 6. Extraction efficiency of the best three methods, Meth@&iC7 Method 3GC and Method 65C.

Total concentration of phytoestrogens
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The third step was to study the extraction efficiency of a methanol:water (85:15) solution (Method 6
GC). Method 6GC showed the highest recovery levels for igefines (from 89 to 95%,) and for
lignans (from 83 to 93%) of all 6 methods tested up to that point, but lower concentrations of total
isoflavones and lignans than those obtained with MethGLC3For this reason, in order to obtain
good recovery levels arfdgher amounts of thiargetcompounds, we decided to perform other two
procedures, Methods 7 andXC, that combined two different extractions, and found that Method 7
GC hadthe highest amounts of the compounds under study (118%kg%), as shown in thEigure

6. MoreoverMethod #GC was chosen, validated, and then applied to 25 different green coffee

samples.

4.1.7 Analysis oESPRESSO COFFEEsamples
The Method 3.14EC, once validated, was applied to 9 different E&@mples from 5 different

countries (Brazil lots 1 and 2, Colombia Idtand 2, Ethiopia lots 1 and 2, India lots 1 and 2, and El
Salvador(BLC)) to quantify the monitored lignans whose concentratierpresse in pg L2, are

shown inTable 13.

Table 13.Content of lignans in different EC samples from various countries, expressed n pg L

EC samplé SECO MAT LARI Total
Brazil lot 1 33.4 n.d’ 10.5 43.9
Colombialot 1 44.2 n.d. 15.8 60.0
Ethiopialot 1 48.9 n.d. 27.8 76.7
Indialot 1 52.0 n.d. 8.3 60.3
Brazil lot 2 27.9 n.d. 10.5 38.4
Colombialot 2 51.2 n.d. 18.8 70.0
Ethiopialot 2 52.0 n.d. 27.1 79.1
Indialot 2 41.9 n.d. 8.3 50.2
BLC 27.9 n.d. 5.3 33.2

3qEach sample was analysed in tri°pd,indadetecablee6RSDs i n
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The quantification wasarried out comparing areas of the samples with those of stamidraes.
SECOand LARI were found in all EC samples fr@#.9 to 2.0pug L and from 5.3 to 27.8g L*
respectively, contrario MAT that it was not possible to detect it in each type of coffeehigiest
level of SECO was found in the EC from Ethiopia lot 2 antia lot 1 at the concentration level of
52.0 ug L%, while the lowestwas in the samples from Brazil lot 2 and El Salvador (BLC) at the
concentratiorievel of 27.9ug L™ The latter showed also the lowésvels of LARI, 5.3ug L,
whereas the highest concentration of LART,8ug L?, was found in theample from Ethiopia lot
1. The ECdrom Ethiopia both lots 1 and 2 showed the highest levels ofligans, 76.7 and 79.1
ug L respectively.Our results on lignan concentrations in ECs are in agreementtvaisie of
Thompson et al(2006) who eported a concentration of SECO amkRI from 34 to 47ug L't and
from 9 to 11ug Lt in coffee brewsOn the other handdilder et al.,(2005) who used an enzymatic
hydrolysis followed by double ethyl ether extraction coupled WitP L C MS/ MS t o
monitored compounds in a filter coffeegported a lignan concentrations different from our
quantitative datéjnding SECO levels from 92 tb61ug L, LARI levels from 90 td31ug L, and
MAT levels from 0 to 7ug L. Our data also diffeirom those ofKuhnle etal., (2008) who used
LC MS/ MS t o twpohgadnsjirsceffeaintulsigns finding the concentrations of SECO from
100to 16QugL*and the concentuyght i ons of MAT ~ 10
4.1.8 Analysis 0R&G COFFEE samples

Method 5R&G was applied to 3@ifferent ground coffeessamples from different countries, and
available inthree forms: capsule, powder and roasted bean.3Uhground coffee samples were
obtained by openinthe capsules, using the powdeitas, and grinding thbeeans. Eackample was
analysed in triplicate and tlguantifications were calculated comparing areas os#mples with
those of standard mixtures. As showrnTeble 14, two lignans, SECO and LARI, were foundat

ground coffee samples from 84.4 to 25@@ kg and from 26.1 to 91.5ug kg?, respectively. In

contrast, in all the samples, MAT was under its limit of detection.
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Table 14 Concentration of lignans, determined in various coffee powder samples from different countries,
expressed in ug kg

Coffee powder sample$ SECO MAT LARI TOTAL
Capsule form®
Brazil lot 1 143.7 n.d®? 26.1 169.8
Colombia lot 1 157.4 n.d. 86.2 243.6
Ethiopia lot 1 227.9 n.d. 83.0 310.9
India lot 1 166.5 n.d. 44.4 210.9
Brazil lot 2 125.5 n.d. 26.1 151.6
Colombia lot 2 198.5 n.d. 60.1 258.6
Ethiopia lot 2 234.9 n.d. 91.5 326.4
India lot 2 175.6 n.d. 34.0 209.6
BLC 107.2 n.d. 26.1 133.3
Powder form ¢
Brazil 89.0 n.d. 28.7 117.7
Colombia 152.8 n.d. 28.7 181.5
Costa Rica 100.4 n.d. 39.2 139.6
Ethiopia 166.5 n.d. 78.4 244.9
Guatemala 187.0 n.d. 34.0 221.0
India 107.2 n.d. 47.0 154.2
Roasted bean fornt
Burundi 107.2 n.d. 60.1 167.3
El Salvador 116.3 n.d. 28.7 145.0
Ethiopia 180.2 n.d. 86.2 266.4
Guatemala 134.6 n.d. 44.4 179.0
Kenya 120.9 n.d. 34.0 154.9
Rep. Dominican 116.3 n.d. 39.2 155.5
Rwanda 98.1 n.d. 54.9 153.0
Timor-Leste 257.8 n.d. 83.6 341.4
Uganda 157.4 n.d. 65.3 222.7
Yemen 134.6 n.d. 60.1 194.7
(Iigoiflgt;%i%g) 1437 n.d. 28.7 172.4
Le Piantagioni
(85% Arabica and 15% 98.1 n.d. 36.6 134.7
Canephora)
MonCafé 84.4 n.d. 60.1 144.5
100% Arabica from 189.3 n.d. 705 259.8
Ethiopia
100% Canephora from Bal 216.7 n.d. 44.4 261.1

BEach sample was analysed i n triP°wmdjnotadteetablé RiSdnplesiithous al |
specifications were 100%abica except MonCafé whose composition was unknown.
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The highest concentration of SECO wasnd in the sample from Timdreste, with 257.81g kg™,
while the lowest was in MonCagample, with aoncentration of 84.4g kgt. The highest level of
LARI was found in the powder from Ethiopia lotcapsules, with a concentration of 9 kg?
while the lowest concentrations (26ud kg') were foundn three capsule samples, Brazil lots 1 and
2, andBLC. The highest concentration of total lignans Wiasd in the TimoiLeste sample, 341.4
ug kgt (roasted bean form), followed by tEghiopia lot 2capsule sample, 3264 kg™*. Ethiopian
samplesshowed the highest levels of lignans in samples availaldapsule and powder form and
the second levels roasted bean form. The highest concentratairiggnans in Ethiopian samples
were noticed also in espresso coffedmong thedifference samples available in capsule, also
Colombialots 1 and 2 contained good amount of total ligr(@48.6 and 258.Ag kg™, respectively).
On the otheside, the lowest concentration of total lignans feamd in Brazil sample, 11719 kg

! (powder form)followed by BLC sample (capsule form) with 138gkg? and Le Piantagioni (85%
arabica and 15%obustd, roasted bean form, with a total lignammicentration of 134.dg kgX. Our
data agree withhose reported by othefslorn-Ross et al., 2000Wwho, using HPLEMS/MS to
analyse some phytoesgens in various foodstuffigund SECO in ground coffee at concentrations
" 250ug kgt. On the other hand, our results aredmtrast with those reported Mazur et al.(1998)
and Kuhnle et al.,(2008) Thefirst study, which was characterized lay very long extraction and
derivatization pocessreportedSECO concentratiorfsom 3.93 to 7.16ng kg ! and did not detect
MAT, in six samples of ground coffeddPLC-MS/MS instrumentvas used in the second study and
theyfoundconcentrations of SECO and MAT from &dl8.62mg kg* and from 320 to 580g kg2,

respectivelyjn two different instant coffee powders.

4.1.9 Lignan extraction yield
The lignan extraction yield was evaluated by compahiegmount of total lignan present in espresso

coffeeswith that present iigroundcoffee. As shown iTable 15 lignans seem to be completely
almost completely extracted during the coffeercolation Coffee percolations a very complex

processluring which the water and ground coffee inteeact many phenomena take pladest-the
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hydrophiliccomponents dissolve in the water phase,smuobnd, the less watsoluble molecules or
physicallyentrapped ones are forced out by physical mechaniBnisl, the heat leads to thermal
degradationmaking select components more stéudind thereforenore available for extraction, and
fourth, mobilewater will physically lift and migrate coffee fines (thmallest particles in coffee) and
emulsify coffee oilinto the suspensioChenzZhang et al., 2012)Lignans arerobably extracted
during the first three steps becausehe first, their presence in a glycosidic form aause an
increase in hydrophilicity, and in the secaaad third phases, the heat and physical mechanisms
probably degrade and extract bound lignans fronttifeee matrix.The extraction yield average was
95.2%. Consideringhe lignan chemical structures and their chemical@ngical properties, it is

likely that most of the lignanare extracted during the page of hot water undbrgh pressure.

Table 15.Lignan extraction yield (%) achieved using nine different coffee samples.

Total lignans  Amount (ug)

Total lignans Amount (ug) of

S . in ground of total . . Extraction
ample in ECs . . total lignans in .
(g L) coffeels lignans in a a capsule (67 g) yield (%)
(Mg kg™) cup (25ml)
Brazil lot 1 43.90 169.80 1.10 1.14 96.5
Colombia lot 1 60.00 243.60 1.50 1.63 92.0
Ethiopia lot 1 76.70 310.90 1.92 2.08 92.3
India lot 1 60.30 210.90 1.51 1.41 107.1
Brazil lot 2 38.40 151.60 0.96 1.01 95.0
Colombia lot 2 70.00 258.60 1.75 1.73 101.1
Ethiopia lot 2 79.10 326.40 1.98 2.19 90.4
India lot 2 50.20 209.60 1.25 1.40 89.3
BLC 33.20 133.30 0.83 0.89 93.2
Average 54.39 212.97 1.36 1.43 95.2
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4.1.10 Analysis olGREEN COFFEE samples
The new analytical methddr nine phytoestrogen quantificatiovas applied to 24 different 100%

C. arabicagreen coffees frordifferent geographical origins (Rwanda, Costa Rica, Bri#iliopia,

India, Colombia andNicaragua)Table 16 displays the concentration, expressegignkg?, of the

target phytoestrogens the coffee samplesncluding also robusta sample used for the extraction
optimization Quantitative analysis wagerformed by comparing sample areas with those of a
standard mixture. The highest phytoestrogen concentration was found in the Ethiopian samples:
sample 1 (8137.ig kg?), followed by samples 4, 3 and 2 (711jddlkg?, 5128.2ug kg' and3703.8

ug kg?, respectively). SECO (172%714.1ug kg?t, with an average of 13351y kg?) andLARI
(113.92417.7ug kg?, with an average of 615}ig kg') were the most abundant compoundsier

study in green coffee. These two lignans occur in various foodstuffs such as flaxseed, soy products,
cereals, legumes, roasted coffee beans and coffee bevifabate et al., 2008; Milder et al., 2005;
Thompson et al., 20060ur results about the lignacontent in green coffee asémilar to those
reported byMazur et al.,(1998)who found a SECO concentration from 3.93 to 7nid kg* in

roasted coffee. Lower levels of lignans in coffee beverages were repoifadinpson et al(2006)
andwere noticed from our studies in espresso coffé®mpson et al(2006)used a SPE coupled

with GC-MS analysisand identified the followig contents: SECO, from 34 to gg L':; LARI, from

9to 11ug L't MAT, from 1 to 2ug L. Wereportedn EC concentrations for SECO and LARI from
27.9t0 52.Qug L't and from 5.3 to 27.8g L, respectivelyRegarding isoflavones, our daevealed
genistin as the most abundant isoflavone in 17 out @fr@én coffee samples (1264.8ug kg?).

In samples where genistin occurred in high concentrations, except for Brazil 4 and India 4, also its
aglycon genistein was found (2348.7ug kg?). This was also the case for daidzin (32%2ug kg

1y and its free form daidzein (326.3pug kg?), with the exception that its aglycone was present in
almost all green coffees, even in samples where the glycosidic form was not found. We can assume
that these two molecules occur with different structures and/or bond types in green coffee, that can

be the cause of different partial degradations of the glycosidic bonds. The low quantity of genistein
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and daidzein found in green coffee in this study togrettith possible constituents/ion suppressors
presents in the matrix, make challenging the detection of isoflavones in coffee. These aspects might
be the cause that leadr research group not quantify genistein and daidzein in roasted and ground
coffeein a previous worKCaprioli et al., 2016)On the other sidéprmononetin (4.316.7 ug kg?)

and biochanin A (4:42.1ug kg') were detected in fewer than half of the samples. These two
molecules were detected in similar amouwwaprioli et al.(2016)in R&G coffee (formononetin,
0.364.27ug kg* andbiochanin A, 0.743.95ug kgt) and byThompson et al(2006)in coffee brews
(formononetin, 2ug L™). In contrast, our data on the isoflavone quantitation differ significantly from
those on coffee powder using acid hydrolysis reportedllgs et al.(2010)who found daidzein in

the range fron6.2 to 10.8 mg kg, genistein from 0.5 to 7.1 mg k@nd formononetin from 12.0 to

58.0 mg kg
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Table 16 Concentration, expressed in ug'kof isoflavones and lignans determined in various green coffee samples.

Samplet Genistin Daidzin SECO LARI Daidzein MAT Genistein  Biochanin A Formononetin Total
Rwanda 1 52.0 37.7 1537.9 734.2 13.2 n.d? 29.0 21.2 20.0 24452
Rwanda 2 20.6 n.d. 620.6 386.1 5.4 n.d. n.d. n.d. n.d. 10327
Rwanda 3 n.d. n.d. 672.6 351.3 6.4 n.d. n.d. 42.1 7.3 10797

Costa Rica 1 49.5 25.6 666.2 351.3 11.3 n.d. 26.6 13.6 15.0 11591
Costa Rica 2 n.d. n.d. 1569.7 648.7 3.4 n.d. n.d. n.d. n.d. 22218
Costa Rica 3 21.5 16.8 848.1 288.0 5.9 n.d. n.d. n.d. n.d. 11803

Brazil 1 n.d. n.d. 2151 139.2 4.9 n.d. n.d. n.d. 16.9 3761

Brazil 2 n.d. n.d. 259.8 132.9 4.9 n.d. n.d. n.d. 194 4170

Brazil 3 27.0 n.d. 336.8 151.9 3.4 n.d. n.d. n.d. n.d. 5191

Brazil 4 81.9 40.1 567.4 319.6 6.9 n.d. n.d. n.d. n.d. 10159
Ethiopia 1 n.d. n.d. 5714.1 2417.7 n.d. n.d. n.d. 5.3 n.d. 81371
Ethiopia 2 45.9 38.2 2364.6 1255.1 n.d. n.d. n.d. n.d. n.d. 37038
Ethiopia 3 22.5 n.d. 3694.3 1411 .4 n.d. n.d. n.d. n.d. n.d. 51282
Ethiopia 4 41.0 n.d. 5317.4 1708.9 6.4 n.d. 25.8 7.8 9.8 7117.1

India 1 98.6 29.2 1764.1 509.5 13.2 n.d. 22.6 8.3 9.8 24553

India 2 33.2 n.d. 608.9 310.1 n.d. n.d. n.d. 4.7 4.5 9614

India 3 39.2 n.d. 577.8 468.4 54 n.d. n.d. 6.7 4.3 11018
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Sample Genistin Daidzin SECO LARI Daidzein MAT Genistein  Biochanin A Formononetin Total

India 4 204.8 95.2 746.7 281.7 n.d. n.d. n.d. n.d. n.d. 13284
Colombia 1 n.d. n.d. 408.6 329.1 n.d. n.d. n.d. n.d. n.d. 7377
Colombia 2 n.d. n.d. 1503.8 1338.6 7.4 n.d. n.d. n.d. n.d. 28498
Colombia 3 89.7 30.2 1378.8 775.3 11.3 n.d. 24.2 6.4 7.5 23234
Nicaragua 1 12.6 12.6 172.6 113.9 8.3 n.d. n.d. n.d. n.d. 320.0
Nicaragua 2 39.0 n.d. 954.0 278.5 9.3 n.d. 21.8 7.7 8.7 13190
Nicaragua 3 n.d. n.d. 397.8 218.4 4.9 n.d. n.d. n.d. n.d. 6211
robusta 71.1 50.8 480.0 458.9 25.3 n.d. 40.7 19.9 46.7 11934
aqEach sample was analysed in triPnldjnotaldteetableRSDs % i n al | cases we
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4.1.11 PCA
PCA scores and loading plots of the varigusencoffee samples analysed are reporteéigure 7a

andb. The variability of data was mostly explained by the first principal component (98.59%), which
wasmainly influenced by the content of the two lignans SECO (values of eigenvectors: 1485; 62)
andLARI (values of eigenvectors: 546, 70). Most of the samples were close to each other in the
scoreplot (central part of the plot), as they were composed of similar amounts of phytoestrogens.
However, the Ethiopian coffee samples differed significantly fraothers, with higher conterdg

SECO and LARYI, indicating that they are a good source of lignans.
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Figure 7a andb. PCA scoresd) and loading plotsh) of the green coffee samples, displaying chemical
variance for lignans anidoflavones.
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4.2 Optimization of espresso coffee extraction
4.2.1 Particle size analysis

The analysis of particle size distribution waerformed by using/astersizer 3000 instrumerithe

process of analysis was rapid due to the laser diffraction. Measurements were repeated fivefold for
single sample and the mean value was used to create the Gaussian grgpipA$iEigure 8a and

b) deliverinformation of particles through percentage of volume density. The percentage of volume
density comes through scattered light, because large particles scatter light at small angles with the
laser beam, whereas small particles scatter light at large ahgiesngular scattering intensity data

are used to calculate the size of particles. Data analysis is based on the Mi¢Dbeétgrgreaves,

Wolf, Hort, & Mitchell, 2007) Figure 8a andb highlights tlosesizes of particles separated through
vibrational sievewhich are distinguishable. These results show differences of particles (from 200
pum up to 100Qum) used to extract EC with 14 g and lL2uging arabica coffee and standard filter
basket (A) The various percentages of volume density in both figures in sidmtegnsionaranges

are superior and inferipdue to the prior extraction of EC during calibration, where mixed particles
are used for brewing at 25 s with 2k wf EC, using 14 g in one case and 12 g in the offleerefore

different PSDs weremployed forbrewing coffeewith 14 g and 12 gAfterwards, the grinding
condition was kept constamind the grinded coffeevas filtered through vibrational sievéhe
separated particles of differedimensionswere utilized for extraction of EC. The average size of

particles between 26800 um was 256um, 300-400 um was 325um, 400500 um was 44Qum and

500-1000um was 58Qum.
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Figure 8a andb. Particle size distribution measured through Mastersizer 300G éfSbabica ground coffee used for extraction of EC with (& gnd 12 gif).
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4.2.2 Total solid (TS) influence of particle sizes and filter baskets
Total solidsor also calledlry mattermeasures the strength or concentratibcoffee brewwhich is

the first indicator of coffee extraction efficiendS can be measured by drying a portion of espresso
coffee and weighting the remaining solids. The remaining dry matteorrelation with the volume

of coffee measures the stigth ofthebeverag€Folmer, 2017)Three filterbasketsA (standard), B
(180pum sized and C (et on boundary pgrand four size range of particles (2800 um, 306400

pum, 406500um and 5001000um) using 12 and 14 g of ground coffee were evaluated to stuidy the
influence on coffee extractiofable 17 showsthe total solids, expressed in mg Hfor 30different

EC samplesprepared varying the variables under gtuslefore separating different particle sizes,
mixed particles of ground coffee were put in each filter basket directly from the grinding mashine

a calibration of the EC extraction. The resulting EC samples were used as a reference for the rest of
samplesextracted with different sizef particles Starting from the standard condition (filter basket

A, 14 g and mixed particles) and run dowmtbeTable 17 it is possible taotice that the highest
content of total solids (53.7 mg mM).was found using particles at 2800 um and a growing trend

from 5001000 to 206300 um (from 29.15 to 53.70 mg mfi) was obtained These results are in
agreenentwith those reported bindueza et al., (2003) and Severini et al., (2018), higher TS

levels were found when fingarticles were usedloreover, looking at averages of cup volumges,

is evidentthat using course particles long espressos with low levels of TS were obtained (volume:
425 mL, TS: 29.15 mg mtfor 500-1000um; volume: 43.5 mL, TS: 35.15 mg riifor 400500

um; volume: 44 mL, TS: 32.10 mg ritifor 300-400um). Thissuggestshat extracting coffee with
coarse particles could decrease extraction efficiency, yielding 1extieicted coffee because the
volume specific surface would be too small to retain enough water and allow a good coffee
compounds solubilizain and emulsificatiofAndueza et al., 2003PDn the other hand, when fine
particles were used to extract coffee, we obtained a comparable level of volume (28.5 mL) with the

reference one but higher levels of TS, 53.70 mgtmL
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Table 17. Total solids (TS), expressed in mg lin arabica EC samples, by usingdnd 2 g of ground
coffee with various particle size distributions in three different filter baskets.

14 g of grownd coffee

Filter A Filter B Filter C
Partlcle Volume paer TSP Volume per TS Volume per TS
sizes (um) cup (ml) cup (ml) cup (ml)
Mixed 26 44.60 26 52.20 24 35.96
particles
500-1000 42.5 29.15 17.5 69.80 37 29.20
400500 43.5 35.15 20.5 66.10 45.5 25.10
300400 44 32.10 44 40.10 47 23.70
200-300 28.5 53.70 45 35.16 38 34.15
12 g of ground coffee
Filter A Filter B Filter C
Partlcle Volume per TS Volume per TS Volume per TS
sizes (um) cup (ml) cup (ml) cup (ml)
Mixed 26 46.50 26 44.30 25 43.00
particles
500-1000 54 15.50 46 13.00 54 24.35
400500 52 16.80 50 17.85 55 20.75
300400 50 22.75 52 23.35 56 22.10
200-300 46 29.05 49 29.85 57 24.35

aRSD for EC volumes were 128 % for filter basket A, 2:8.7 % for B and 1.8.2% for C> RSD for TS were 2:3
7.7 % for filter basket A, 3:8.2 % for B and 4-80.8 % for C.

Decreasing the amount of ground coffee from 14 to J1@eterminedsimilar level for reference
samples (from#4.60to 46.50 mg mt!, respectively anda decreasof total solidsin the various size
rangesMoreover, ame agor 14 g a growing trend from 56Q000 to 206B00um was present (from
15.5 to 29.05 m mL?, volume: from54to 46 mL). Investigatingthetwo prototypef filter basket

the highest TS conterfior mixed particlesusing 14 gwas obtainedn the B prototype (52.20 mg
mLY). With filter basket B using 14 g of ground coffe¢he highest resultalso for different size
ranges (504.000um: 69.80mg mL?, 4006500pum: 66.10mg mL*, 300-400pm: 40.10 mg mt* and

200-300pm: 3516 mg mLt) wereobtained In this casein contrast with filter A, @ecreasing trend

was evidentBy decreasing the amount from 14 to 12 g lovearels were found in particular in
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reference samples (A2 g: 52.2044.30 mg mtY) and in 200800um (14-12 g: 35.1629.85 mg mL

1 volume: 4549 mL). Studyingthe prototypeC, which possessed tmet on the boundary surface

we can observe a lowtvel of total solidsespecially in the reference and in 2800 um samples.
Decreasing the amount of R&G coffee the samples showed good results for referefnomB5.06

to 43.00 mg mtY) but changing the sizes targedifferences were notated (500000um: 24.35 mg

mL?, volume: 54 mL; 40600 um: 20.75mg mL?, volume: 55 mL; 30&%00um: 22.10 mg mt,
volume: 56 mL; 206B00pm: 24.35mg mL?, volume: 57 mi.

4.2.3 Total solid (TS): influence of perforated dise

Table 18 shows the total solids measured in different EC samples extracted with filter basket A using
12 and 14 g of arabica ground coffe®odifying the height of perforated disc (4, 5, 6, 7 mAfjer
calibration, heparticle sizes were kept constant andakperiment was applied in two wast first,
maintaining timeconstan{25 s)and thenvolumeconstamn (50 ml). Eventually,a total of 16 samples

were analysedlhe highest levels of total solids were found with perforatedsimsim, time constant

(97 mg mLY) and perforated disc 4 mm, volume const&ét ihg mLY), when 14 g were use@®n

the other hand, using 12high amounbf TS was found in 6 mm for time constant (86.3 mginL

and 7 mm for volume constant (83.8 mg HiLConsidering both constants for each perforated disc
the highest content of total solids were in perforated disc 4timma constant: 84 mg mt; volume
constant: 86 mg mt) and 5 mm (time constant: 97 mg rhlvolume constant: 83.5 mg ), when

14 g where used. Decreasing the amount of ground coffee from 14 to 12 g the best results were
observed with perforated disc 5 mm (time constant: 84.5 mg rdlume constant: 77 mg ).

and 6 mm (time constant: 86.3 mg Wlvolume constant: 74.5 mg ). Comparing perforated

discs 6 and 7 mm when 14 and then 12 g were used, higher TS were found extracting coffee with less
amount ofcoffee powder Concludimg, the best results for 14 g were obtained using 4 and 5 mm
perforated disowvhile for 12 g using 5 and 6 mm. Moreover, oesultscouldsuggesthat decreasing

the amount of coffee allow to obtain similar amount of TS when increasing the heights odtpdrfo

disc.
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Table 18. Total solids (mg mtl) in EC samples prepared by brewing 14 and 12 g of R&G coffee and
assembling different height of perforated discs. The extractions were performed setting time constant (25 s)

and then volume constant (50 mL faro cups).

Filter A

Total solids (TS) (mg mL?Y)

Mass ofground

coffee

14 g

Mass of ground

coffee
12 g
12 g
12 g

12 g

Perforated disc
(mm)
4
5
6
7
Perforated disc
(mm)
4
5
6

7

Time constant
(25 s)
84.0
97.0
79.0
88.0

Time constant
(25 s)
74.0
84.5
86.3

73.5

Volume constant
(50 mL)
86.3
83.5
74.0
78.5
Volume constant
(50 mL)
73.8
77.0
74.5

83.8

aRSD were 2.35.8 % for ECs extracted with 14 g and-¥.2 % for ECs extracted with 12 g.
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4.2.4 Validation of HPLC-VWD methods
The validation parameters studied were linearity, limit of detection (LOD), limit of quantification

(LOQ), repeatabilityand specificity (Caprioli et al., 2014, 2013)inearity was tested by injecting

five different concentrationgfrom 10 to 250 mg ) of the threechlorogenic acidsgaffeine and
trigonelling in triplicate, then plotting and calculating calibration curves with the respective
determination coefficients @R All target molecules showed good linearity, since thedalled or
exceeded 0.92. The LODs and LOQs ofitge compounds (estimated in matrix aexpbressean

mg L) werecalculatedthroughsignal to noise ratigSNR) of 3:1 and 10:1. Fochlorogenic acids

LODs andLOQswerein the range of ©6-0.08 mg L™ and0.180.24 mg L. Method repeatability

was testedinjecting 5 replicates for each standard concentration over the course of five days. The
intra-day repeatability or ruto-run precision and intestay repeatability or dago-day precision were
expressed by Relative Standard Deviation (R&¥ent. The RSD ranged fron86to 2.86% for
run-to-run precision and from.25to 3.7%6 for dayto-day precision.The method specificityvas
evaluated by measuring retention time stabiiilyeach moleculeThe retention time stabilityas
studied 5 tines over a period of 5 days (n=25) and expressed by RSD. RSDs were in all cases lower

than or equal to 68%.

4.2.5 Bioactive compounds in ECs: influence of particle sizes and filter baskets
The effect of particle sizes on EC extractiming 14 and 12 g idifferent filter basketshas been

studied. EC sample8@ samples ofrabica) were analysed for detecting caffeine, trigonelline and
chlorogenic acids¥CQA, 5CQA and 3,5diCQA). Results, expressed in rhgf, are shown iTable
19for caffeine and trigonellinandTable 20for chlorogenic acidsStarting fromstandard condition,
such as filter basket And14 g, wefoundthat the content of caffeine was higher2id0-300 um
(300568 mg L) than mixed particle269701 mg L) and other sized able 19). Similar behaviour
was noticed fotrigonelline (1557.51 mg t in 200-300 um particle sizes and 1408.68 mg In
mixed particles)The inverse increment of caffeine and trigonelline lewsith respect to particle

sizes where found also in oth@apergAndueza et al., 2003; Severini et al., 2018)
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Table 19. Influence of particle sizes and filter baskets on EC extraction, in term of caffeine and trigonelline
content (mg ), using 14 and 12 g of arabica ground coffee.

Particle

14 g of ground coffeé

. Filter A Filter B Filter C

sizes (um)
Caffeine Trigonelline Caffeine Trigonelline Caffeine Trigonelline
Mixed
. 259701 140868 281188 152245 203414 108593

particles

5001000 172234 93802 353642 204831 174054 94277
400500 202819 108076 354003 190757 168156 87516
300400 188110 97136 194921 95137 147381 79697
200300 300568 155751 211371 101376 201363 107615

12 g of ground coffeé

Partlcle Filter A Filter B Filter C

sizes (um)
Caffeine Trigonelline Caffeine Trigonelline Caffeine Trigonelline
Mixed
. 289463 1586.49 266892 148031 242059 142Q74

particles
5001000 69587 421.36 717.87 43054 594.32 397.80
400500 95459 550.42 103288 58303 118229 70979
300400 95528 541.38 123936 707.78 114604 667.80
200-300 139195 683.90 149018 79591 131012 73137

aRSD were 0.112.5 % for caffeine, 0:24.1 % for trigonelline using 14 g and 213.3 % and 1.82.6 % using 12 g.

Decreasing the amount of ground coffee from 14 to 12 g, reshdised an increase in caffeine and

trigonelline levelsn mixed particlegfrom 2597.01 to 2894.68g Land from 1408.68 to 1586.49

mg L, respectively) and lower content for other siZésmparing the reference ECs extracted with

different filter basketsusing 14 gthe highest levels of caffeine and trigonelline were foumB

(2811.88 and 1522.45 mg'). When filter basket B wasmployed the highest levels of caffeine and

trigonelling in all different particle sizeswere found (from 50A000um to 203300 um: 3536.42

96



2113.71 mg & for caffeine and 2048.31013.76 mg [ for trigonelling. Whenfilter basket Qvas
assembledhto thefilter holder, the lowest content of caffeine and trigonellimereference samples
were obtained. Moreover, we noticed a desirgp of detectedcompounds in alparticle sizes
comparing with those found in the other two filter baskepige goodresultswere obtainegdanyway,
with 200-300 pm.

Table 20 shows the concentration (mg1) of chlorogenic acids (EQA, 5-CQA and 3,5diCQA) in

EC samples extracted with three filter baskettng 12 and 14 g of different particle siz&scording

to previous research studiisabbe, Sudre, Dugas, & Folmer, 201&vErini et al., 2015patrticle
size influences the amount of the extracted bioactive components. Therefore, also chlorogenic acids
level can beaffectedfrom theparticlesizes our results showed that in standard condi{inl4 g)
modifying the particle sizeghe highest concentration of total CQA&s found in 200300 pum
(1507.23mg L1). Hence, also for chlorogenic acids a greater extraction efficiency was obtained with
fine particlesas already reported in literatug@ndueza et al., 2003Moreover this concentration
washigher than thtin referencesample(1250.63mg L?). Using 12 g the highest concentration of
total CQAswasfound in mixed particleslé415.42mg LY. In referencesampleghe highest content
of total CQAs were obtained in filber baske{®B51.76mg L?). As already noticed for caffeine and
trigonelline, the ECs prepared with prototype B showled thehighestconcentration of total CQAs
in ranges 50000 and 40&00pum (1829.23 and 1750.9%g L1). Decreasing the amount of R&G
coffee(filter basket B)we found lower concentration of total CQAs than in 1&tdying also the
extraction efficiency of filter basket,@he lowest levelsvere recoverdin reference samplesvith
respect to those obtainedth other filter basketsThe highest leve]awith filter basket Cof total
CQAswere found in mixed particles (12¢§)256.36mg L) and in200-300um (14 g)(1039.36mg

LY.
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Table 20. Influence of particle sizes and filter baskets oneiaction, in term of chlorogenic acid content (my),lusing 14 and 12 of arabica coffee

14 g of ground coffeé
Particle

. Filter A Filter B Filter C
sizes (um)
] Total ) Total ) Total
5-CQA 3-CQA 3,5diCQA CQA 5-CQA 3-CQA 3,5diCQA CQA 5-CQA 3-CQA 3,5diCQA CQA
pgﬂrl'zi((?lis 756.80 427.98 65.85 1250.63 825.03 465.01 61.72 1351.76 596.03 340.45 43.53 980.01
500-1000 499.17 287.98 41.18 828.33 1119.64 627.63 81.96 1829.23 499.55 287.38 35.08 822.01
400500 591.25 343.74 49.59 984.58 1065.83 609.37 75.74 1750.94 479.52 276.60 34.60 790.72
300400 553.76 318.45 42.89 915.1 536.29 317.99 43.53 897.81 436.64 256.88 30.47 723.99
200-300 922.54 511.85 72.84 1507.23 602.73 348.76 49.63 1001.12 631.26 360.93 47.17 1039.36
12 g ofground coffeé
_Partlcle Filter A Filter B Filter C
sizes (um)
] Total . Total . Total
5-CQA 3-CQA 3,5diCQA CQA 5-CQA 3-CQA 3,5diCQA CQA 5-CQA 3-CQA 3,5diCQA CQA
p';"r'gi‘g‘is 863.35 479.19 72.88 141542  791.20  440.68 66.93 129881  767.69 426.80 61.87 1256.36
500-1000 198.83 116.53 13.91 329.27 195.45 115.26 14.36 325.07 177.67 106.08 12.13 295.88
400500 279.64 161.31 21.39 462.34 303.27 171.84 24.96 500.07 359.37 207.74 28.20 595.31
300400 282.76 163.72 22.21 468.69 371.78 216.57 31.70 620.05 350.49 200.91 27.27 578.67
200-300 409.84 224.63 39.06 673.53 467.53 259.93 42.49 769.95 413.99 233.79 34.15 681.93

aRSD were 2.211.6 % for 5CQA, 3.49.2 % for 3CQA and 5.712.1 % for 2,5diCQA using 14 g and 2-8.3 %, 1.69.1 % and 3.-11.7 % using 12 g.
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4.2.6 Bioactive compounds in ECs: influence of perforated discs
A total of 16 EC samples wetestedto evaluate the influence of different heights of perforated disc

on coffee extractionAfter calibration the EC were prepared by maintaining consthatparticle
sizesbut modifyingthe perforated disand working in two way: fixing constant time of extraction
(25 s) and fixing constant the final volume in the cup (50 mL for two esprefsv&)rated disc is a
metal disc that is assembled under the shower in order to adjust the distance betwetsethaksof
and the group showeFable 21 shows the content, expressed in mg af caffeine, trigonelline and
chlorogenic acids, in EQwerepared using4 and 12 g oérabicaground coffeeWith constantime

the highest levels of caffeine, trigonelline atudal chlorogenic acids were found using 5 mm
perforated disc§723.00, 3485.78, 2717.3#g L, respectively. The same results were obtained
when the volume was kept constant (caffeine: 5500902, trigonelline: 3194.09 my andtotal
CQAs: 2492.57mg LY. The highest concentrations of bioactive compounds were found in 6 mm
perforated disc using 12 g of ground coffee araintaining constant time. Specifically, caffeine was
5619.39 md.", trigonelline 3227.27 myy and total CQAs 2553.7@ig L 1. With constant volume

the highest levels were obtained in 6 and 4 @omsidering both constanthe best results, in term

of quantitative data, were found in 5 mm perforated disc using 14 g and in 6 mm perforated disc using
12 g.These results confirm velh we already found for total solahalysis using lower amount of
ground coffee to obtain simil&xtraction efficiency, in term of TS and bioactive compoumnden

the height of perforated disc is increased.
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Table 21. Content (mg L) of caffeine, trigonelline and chlorogenic acidsG®A, 5CQA and 3,5diCQA)
by brewing 14 and 12 g of R&G coffee by changing the heights of perforated disc in two condition: constant
time (25 s) and constant volume (50 mL for two cups).

14 g of R&G Constant time
coffee
Perforated , N . .
disc (mm) Trigonelline Caffeine 3-CQA 5-CQA 3,5diCQA Total CQA
4 3270.53 5410.67 870.04 1481.90 104.35 2456.29
5 3485.78 5723.00 921.73 1665.62 130.02 2717.37
6 2901.46 5013.90 770.35 1355.20 94.49 2220.04
7 3168.25 5715.86 825.75 1482.89 125.74 2434.38
14 g of R&G Constant volume
coffee
Perforated . . . .
disc (mm) Trigonelline Caffeine 3-CQA 5-CQA 3,5diCQA Total CQA
4 3195.26 5150.15 843.16 1459.85 99.52 2402.53
5 3194.09 5500.00 847.82 1517.15 127.60 2492.57
6 2679.81 4689.42 715.23 1261.86 88.17 2065.26
7 2673.72 4990.81 716.19 1281.75 112.17 2110.11
12 g of R&G Constant time
coffee
Perforated . . . .
disc (mm) Trigonelline Caffeine 3-COQA 5-CQA 3,5diCQA Total CQA
4 2832.99 5022.70 774.05 1373.80 101.75 2249.60
5 2985.79 5074.84 788.17 1397.53 109.19 2294.89
6 3227.27 5619.39 881.14 1548.36 124.26 2553.76
7 2569.56 4567.07 692.88 1244 .54 112.17 2049.59
12 g of R&G Constant volume
coffee
Perforated . . . .
disc (mm) Trigonelline Caffeine 3-COQA 5-CQA 3,5diCQA Total CQA
4 2910.99 4964.10 804.63 1420.47 121.09 2346.19
5 2583.93 4448.27 687.39 1233.12 98.21 2018.72
6 2906.54 5163.92 807.92 1415.06 118.49 2341.47
7 2750.00 5048.21 725.10 1308.43 121.65 2155.18

aRSD were 0.213.7 % for trigonelline, 0-81.3 % for caffeine, 0:31.1 % for 3CQA, 0.710.5 % for 5CQA and 1.0
10.9 % for 3,5diCQA.

100



4.2.7 Volatile compounds analysis
The volatile fraction of ECs was analysed trotfiSPMEGC-MS. Just after extraction, ECs were

collected into screw top vial and injected using PAL autosamygatile compounds were identified

by comparing the mass spectra of the analyith thoseof NIST 17 Mass Spectrdlibrary with a
similarity above 85%ndthen,t he i denti fi ed ¢ 0 mp o Belativs peakareae a s
percentagef individual components was expressed as percent peak areas relative to total peak areas
(RPA%) (Thammarat, Kulsing, Wongravee, Leepipatpiboon, & Nhujak, 2018; Cong Zhang, Qi,
Shao, Zhou, & Fu, 2007 able 22 provides information aboutdour descriptionand RPA% of
identified volatiles which ardivided into chemical classéSaporaso, Whitworth, Cui, & Fisk, 2018;
Thammarat et al., 2018Between 3 and 40ey odorants are typically composing a specific odour
code of a food, which could feature in fact more than 10000 vol@Dieskel et al., 2014 )Furfural,

furfuryl acetate, methylpyrazine, 2¢bmethylpyrazine, zthyl6-methylpyrazine, 3thyl2,5
dimethylpyrazine, pyridin@and1-hydroxy-2-propanoneavere found with the highest means of RPA

in all samplesSignals at retention time 22.315 and 33 Inin are identified as member of Pyridine
groug meanRPA of single volatiles found in this group corresponds to 7.55% of pyridine and 0.46%
of 3-ethylpyridine. A key odorant of this group presents bitter, astringent, roasted and burnt aroma
notes. In fat, coffee roasting defects can be associated to the presence of compounds of the pyridine
family (Yang et al., 2016)The members of pyrazine group are foundkimeeted EC at the following

mean RPA: 5.62% methylpyrazine, 4.69%-@8imethylpyrazine, 3.61% ethyl pyrazine, 4.41% 2
ethyl6-methylpyrazine, 3.95%-8thyl5-methylpyrazine, 3.71%-2thyt3-methylpyrazine, 0.41%
2-(n-propyl}pyrazine, 4.13% -Ethyl-2,5dimethylpyrazine, 1.49%-Rlethyl-5-propylpyrazine and
0.46% 3,5Diethyl-2-methylpyrazingthe retention timeof these compounds were within 26.816
37.555 min. They generate nutty, roasfezfcornearthy grassyand hazelnulike aroma notes. The
components of furan group in EC were obtained at different mean RPA%% &-(fBethoxymethyh

furan, 0.98% dihydr@-methyt3 (2H)}furanone, 0.99% -Ruranmethanol, 0.96% -5

ethylmethyltetrahydré&-furanmethanol, 3.55% -@-furanyl}ethanone, 1.44% -R-Butylfuran,
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4.56% furfuryl acetate, 3.84%-rBethylfurfural, 1.13% Zuranmethanol propanoate, 2.77% 2
propionylfuran, 2.05% furan, 2;Bethylenebisthese compoundseredetectedn the range 25.165

- 45.252 min. The general key odorants of furan groups aaened ethereal, rum, cocoa note, and
nutty. The fluctuation in detecting the furan groups shows that EC aroma is quite dense and complex.
Notably, the furan grougomponentsare higher in Arabica than in Robugtaordeiro, Valente,
Santos, & Rodrigues, 2018 derivative group of furans farfural, found with 5.66% in EC aromas,
and its detected retention time is 37.261 min. The generated aroma notesoai alneet, toasted
odour and burnt. Chemicals of phenol group were 1.80% ethyl2-methoxyphenol and 1.91%6r
2-methoxyphengldetected at retention tirmd5.587 and 47.139 min. Keydorants that come with
this group are mostlgissociateavith spicy, clovelike andsmokydescriptionRPAvalues folketone

and aldehyde groups weré.36%for 1-hydroxy-2-propanone, 0.92%or 3-hydroxybutanone and
1.89%for benzaldehyde. Normally, the aroma of these groups is cldsettiery, alcoholiefruity,
almond and fruity(Niu et al., 2011)Terpene alcohol groups, as linalool with 0.48%, mostly present
sweet, fruity and itrus notes. Componentsf pyrrole groups, ag-formyl-1-pyrrole (0.68%), 2-
acetylpyrrole(1.04% and 1-furfurylpyrrole (2.05%9 in EC aroma, release nutty, musty, Hike,
mushroordlike, and herbaceous noteéang et al., 2016)They are detecteflom 42.028to 46.652

min. Volatile compound$ound in different EGamplesverecompared by extraction conditioasd

PCA was applied to evaluate the relationship among studied variables.

102



Table 22. Tentative volatile compounds of EC samples by using 14 and 12 g of ground coffee in various filter baske2@ua®@nd 40B00 um obtained by
HS-SPMEGC-MS, mean relative peak area (RPA) percentage, retention time (Rt) of volatiles and odoutiale$Crip).

A A A A B B B B C C C C
5000 500 3000 3000 500 5000 3000 300 500 5000 3000 300 Mean

Tentative compounds 400 400 200 200 400 400 200 200 400 400 200 200 Rrp A, Rt (m) oD
pm, pm, pm, pm, pm, pm, pm, pm, pm, pm, pm, pm, %

14g 12g 14g 12¢g 14g 12¢g 14g 12g 14g 12g 14g 12g

Furans
2-(methoxymethyhfuran 084 125 084 101 068 055 0.61 0.5 054 120 057 0.79 0.78 25165 Coffee
Dihydro-2-methyt3 (2H)-furanone 049 114 140 116 108 113 106 080 084 094 086 082 098 26.591 Bready
2-furanmethanol 045 096 105 101 106 132 112 101 096 100 098 0.98 0.99 36.408 Chocolatey
Furfural 597 545 583 553 518 303 485 576 595 696 6.22 723 566 37.261 Bready

5 ethylmethyltetrahydr@ furanmethano 0.92 099 1.08 107 102 103 092 094 091 090 091 0.77 096 37.868 -

1-(2-furanyl) ethanone 353 336 353 343 342 375 330 368 379 365 351 360 355 39.158 Balsamic
2-N-Butylfuran 153 150 210 192 142 139 126 121 109 138 119 125 144 39.663 -
Furfuryl acetate 442 439 454 439 446 491 410 467 479 487 441 475 456 40.224 Fruity
5-methylfurfural 373 387 412 504 364 362 303 395 409 409 467 225 384 41.197 Caramelly
2-Propionylfuran 306 317 356 336 285 220 193 269 266 275 244 254 277 41.715 -

2-Furanmethanol propanoate 130 170 193 168 122 101 045 072 116 113 066 056 1.13 41981 Fruity
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Furan, 2,2methylenebis 195 198 247 192 202 221 178 206 197 224 195 203 205 45.252 Roasted
Total percentage (furans) 28.19 29.76 3245 31.52 28.05 26.15 24.41 2799 28.75 31.11 28.37 27.57 28.69
Pyrazines
Methylpyrazine 6.77 554 6.38 657 503 569 486 527 562 520 528 526 562 26.816 Nutty
2,5-Dimethylpyrazine 485 451 486 457 574 494 443 451 456 465 437 433 469 29.954 Chocolatey
Ethyl pyrazine 367 346 353 367 349 383 344 337 369 359 315 437 361 30.577 Nutty
2,3-Dimethylpyrazine 097 092 104 098 09 098 091 083 088 089 083 081 0091 31.249 Nutty
2-Ethyl-6-methylpyrazine 444 441 440 437 437 480 413 433 451 455 434 424 441 33.379 Potato
2-Ethyl-5-methylpyrazine 3.80 406 418 408 406 410 364 362 408 395 366 414 395 33.702 -
2-Ethyl-3-methylpyrazine 3.78 372 402 377 370 392 351 363 370 370 364 343 371 34.392 Nutty
2-(n-propyl)-pyrazine 040 045 049 045 041 046 041 034 040 039 037 0.37 041 35.082 -
3-Ethyl-2,5-dimethylpyrazine 459 412 418 413 405 388 390 410 420 428 412 406 4.13 36.527 Roasty
2-Methyl-5-propylpyrazine 159 159 166 1.69 133 154 138 130 109 162 158 146 1.49 37.408 -
3,5-Diethyl-2-methylpyrazine 048 051 050 048 050 051 048 044 041 037 048 037 046 37.555 Nutty
Total percentage (pyrazine) 35.34 33.29 3524 34.76 33.58 34.65 31.09 31.74 33.14 33.19 3182 32.84 33.39
Pyrroles
2-Formyl-1-pyrrole 030 054 073 064 060 08 137 062 074 059 061 055 068 42.028 Roasted

104



2-Acetylpyrrole 148 121 155 106 091 087 078 098 093 09 084 096 1.04 46.652 Musty
1-Furfurylpyrrole 195 198 247 192 202 221 178 206 197 224 195 203 205 45252 Vegetable
Total percentage (pyrroles) 373 373 475 362 353 393 393 366 364 3.79 3.4 3.54 3.77
Pyridines
Pyridine 798 724 927 883 754 750 718 784 652 589 6.36 839 755 22315 Fishy
3-Ethylpyridine 049 040 049 052 042 055 041 042 042 050 040 045 046 33.144 -
Total percentage (pyridine) 847 764 976 935 796 805 759 826 694 6.39 6.76 8.84 8.00
Phenolic compounds
4-Ethyl-2-methoxyphenol 090 189 137 140 138 134 128 178 198 196 193 197 160 45587 Spicy
2-Methoxyphenol 085 142 175 135 131 142 702 160 136 159 145 174 191 47.139 Phenolic
Total percentage (phenolic compound 1.75 3.31 3.12 275 269 2.76 8.3 338 334 355 338 371 350
Esters
Isobutyl acetate 043 065 015 119 09 03 015 030 0.22 016 0.17 0.24 040 37.038 Fruity
Total percentage 043 065 015 119 09 035 015 030 0.22 016 0.17 0.24 040
Ketones
1-Hydroxy-2-propanone 467 589 092 063 464 554 369 538 6.08 525 419 542 436 35491 Caramelly
3-Hydroxybutanone 101 104 100 114 098 097 093 127 083 087 088 091 0.99 40.072 Buttery
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Total percentage 568 693 192 177 562 651 462 665 691 6.12 507 6.33 534

Aldehyds

Benzaldehyde 198 193 169 178 182 189 148 182 191 225 197 219 189 39.779 Almond
Total percentage 198 193 169 178 182 189 148 182 191 225 197 219 1.89

Terpenes

Linalool 031 046 043 042 049 056 048 052 053 050 057 044 048 40.541 Fruity
Total percentage 031 046 043 042 049 056 048 052 053 050 057 044 048

Total percentage of all compounds

85.88 87.70 89.51 87.16 84.64 84.85 82.05 84.32 85.38 87.06 81.51 85.60 85.47
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4.2.8 Principal component analysis (PCA)
The principal component analysis was applied to evaluate the relationship among the different particle

sizes (20um and 40Qum) and three different filter baskets (A, B and C), by reducing the amount of
ground coffee in the filter baskets from 14 to 1Fmgure 9a). Statistical data analysis indicates that
filter baskets play a key role in brewing coffee. Three filter baskateedA, B and G proved that
lowering the amount of groundoffee at the same particle size had little impact on the release of
volatile compounds. With filter basket, left side ofFigure 9a, 14 grams of coffee are capable of
generating nearly the same percentage of volatile compounds produced by 12 grasenat thiee

of particles. Indeed, the two filter baskBtand Cshow no significant percentage variance of volatile
compounds with different particle sizes at 12 and 14 g of ground cé&ifpere 9b illustrates the
percentage variance of volatiles in PCue variables most contributing to data variabiitgre
hydroxy-2-propanone (caramelly) on the first principal component aethy-2-methoxyphenol

(spicy) on the second principal component. They explained 67.61% of variance. Mashgés
bearing bakets B and C were positively correlated with toasty caramel aroma, whereas only one
sample with 200 em mesh size and equipped witt
the samples on left side &igure 9b were those from two samples wit@@um mesh size and
equipped with basket A; they were correlated with several compounds such as pyrazine, furan,

pyridine, carboxylic acid, aldehyde, alcohol and pyrrole groups.
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Figure 9a andb. Principal component analysis (PCA) of different filter baskets with 12 and 14 g of ground

coffee used for extraction of EC.
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4.3 Studies on Coffee Silverskin
4.3.1 Volatile identification

The first identification step ofodoractive compounds coffee silverskin and coffee beangre
performed by comparing the retentiomdices and the odor descriptions of the odorants present in
different chromatogram regions, recorded during the AEDA, to outcomes obtained in prexiksis w
of coffee odorant§Sanz, Czerny, Cid, & Schieberle, 2002; Scheidigerny, & Schieberle, 2007)
andto dat on roughly 1600 fooddorantscompiled in an iFhouse databagwovided byl eibniz-
Institute for Food Systems BiologyIn case of matchingauthenticreference compounds were
injected into GGO/FID to confirm theproposed structureThe second step of identification
concerned the GO comparative analysis of the concentrated volatile extracts and reference
compounds using second column with differemqolarity (DB-5). Finally, to confirm theproposed
structure samples were analysed by GCx&QF. Before injection, volatile extracts of Gd CB
were separated in different fractions. Atidse extraction permitted the separation of acid volatile
fraction (AF) from basic and neutral volatile fraction (BNFhd& volatiles in the latter fraction were
further separatenh five fractions (BNFAE) through silica gel liquid chromatography. In a separate
experiment, the thiols i6S am CB were selectivelgeparged by covalent trapping using mercurated
agarose ge(TF). Each fraction was, then, analyseddas chromatographgifactometryto detect

the odorants previously identified anddymprehensive twdimensional gas chromatograpimass
spectrometrytogether with reference compounds confirm the odorant structuressing both
capillary columns such as DBFAP and DB5. As an examplefigure 10a, b reports thel'IC of 2D-
GC-MS plots of a reference compounds mixture of thirteeferenceeompoundga) and a sample of

coffee silverskin ARD).
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