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ANNOTATION

Doctoral thesis by Ilze Laukaléja "Volatile and bioactive compounds in different
roast level specialty coffee" was developed from 2017 to 2022 in the scientific
laboratories of the Department of Food Technology, Latvia University of Life Sciences
and Technologies, and Center for Sensory Analysis and Consumer Behavior, Kansas
State University (USA). The object of the doctoral thesis is Coffea arabica L. coffee
beans at different roast levels.

The hypothesis of the doctoral thesis — coffee consumers would preffer specialty
coffee due to increased bioactive compound contet by adjusted roast level.

The hypothesis was confirmed by the following theses.

1. Solid-phase microextraction (SPME) fibre coating affects volatile compound
extraction and detection in specialty coffee brew.

2. Specialty coffee origin and roasting parameters impact phenolic compound content
and sensory quality.

3. Light roast level has a positive effect on phenolic and volatile compound content in
specialty coffee.

4. Initial gas chromatography-olfactometry vocabulary allows to detect and describe
aroma-active compounds in specialty coffee.

5. Consumer perception of specialty coffee brews can be affected by sensory attributes
and potentially increased bioactive compound content.

The aim of the doctoral thesis was to evaluate the impact of the roast level on the
composition of bioactive compounds and sensory quality in specialty coffee.

To achieve the aim of the doctoral thesis, the following objectives have been
established.

1. To evaluate different solid-phase microextraction (SPME) fibre influence on
specialty coffee brew volatile compound extraction and detection.

2. To analyse phenolic compound content and cup quality profile in different origin
and roast specialty coffees.

3. To determinate roasting process influence on volatile compound profile.

4. To evaluate non-volatile compound content changes during the roasting process.

5. To develop an initial gas chromatography-olfactometry vocabulary for specialty
coffee.

To assess consumer perception of specialty coffee brews with potentially increased
bioactive compound content.

The doctoral thesis consists of three chapters.

Chapter 1 summaries previous literature about coffee's chemical composition,
sensory properties, and possible changes during roasting and brewing processes; provides
information about the biologically active compound composition and their impact on
health; defines specialty coffee and coffee quality standards.

Chapter 2 describes the coffee roasting process and summarises the materials and
methods of analysis.

Chapter 3 summarises the results obtained in this study with a discussion to
achieve the conclusions according to the hypothesis and established objectives. The
chapter describes the evaluation of different SPME fibre influence on specialty coffee
brew volatile compound extraction and detection; the chemical and sensory profile
changes under the influence of roasting process; aroma-active compound perception in
coffee by gas chromatography-olfactometry; analysis of consumer perception of specialty
coffee brews.



The novelty of the doctoral thesis.
1. A complex volatile and biologically active compound comparison has been
developed for different roast level specialty coffee.
2. Solid-phase microextraction fibre evaluation for improved volatile compound
detection in specialty coffee.
3. Volatile and aroma-active compound profile analysis in different roast level
specialty coffee;
4. Developed gas chromatography-olfactometry vocabulary allows to analyse aroma-
active compound perception in differently roasted and brewed specialty.
The economic significance of the doctoral thesis: the completed analysis about the
roast level impact on coffee quality and bioactive compound content in specialty coffee
provides the coffee roasters with an opportunity to adjust roast parameters.

During the PhD studies, the author had an internship at the Center for Sensory
Analysis and Consumer Behavior in Kansas State University (United States of America),
where experimental work was done. The internship was provided by the Baltic-American
Freedom Foundation (BAFF) and the Council on International Education Exchange
(CIEE).

The study was partly financed by:

» the LLU programme "Strengthening Research Capacity at the Latvia University
of Agriculture” grant contract No. 3.2-10/2018/LLU/74 “The changes of
biologically active compounds of specialty coffee under the influence of
technological processes”;

> the "8™ European PhD Flavour Research Awards Programme";

» the doctoral studies grant "Transition to the new doctoral funding model at the
Latvia University of Life Sciences and Technologies® Contract No.
8.2.2.0/20/1/001.

The thesis is written in English (United Kingdom); it consists of 108 pages, 27

tables, 16 figures, four appendixes, and 190 bibliographic sources.



http://8.2.2.0/20/I/001

ANOTACIJA

Ilzes Laukalgjas promocijas darbs “Gaistosie un biologiski aktivie savienojumi
dazada grauzdéjuma pakapes specialty kafija” izstradats no 2017. gada lidz 2022. gadam
Latvijas Lauksaimniecibas universitates Partikas tehnologijas fakultaté un Patérétaju
uzvedibas un sensoras zinatnes centra, Kanzasas Stata universitaté (ASV).

Promocijas darba hipotéze — pielagojot grauzdésanas pakapi, kafijas patérétaji dotu
prieksroku specialty kafijai tas palielinato biologiski aktivo savienojumu satura dgl.

Promocijas darba hipoteze tika pieradita ar piecam tézeém.

1. Cietas fazes mikroekstrakcijas Skiedras parklajums ietekmé gaistoSo savienojumu
ekstrakciju specialty kafijas dzerienos.

2. Specialty kafijas izcelsmes valsts un grauzd@Sanas parametri ietekmé fenola
savienojumu saturu un sensoro kvalitati.

3. Viegla grauzdesanas pakape pozitivi ietekm& fenolu un gaistoSo savienojumu
sastavu specialty kafija.

4. Gazu hromatografijas-olfaktometrijas vardnica lauj noteikt un aprakstit aromatu
veidojoSo savienojumus specialty kafijai.

Patérétaju uztveri par specialty kafijas pagatavosanas veidiem var ietekmét sensoras
ipasibas un informacija par potenciali palielinatu biologiski aktivo savienojumu saturu
kafija.

Darba meérkis — izvértét grauzdéSanas pakapes ietekmi uz biologiski aktivo
savienojumu sastavu un sensoro kvalitati Specialty kafija.

Darba mérka sasniegSanai izvirziti $adi uzdevumi.

1. Noveértét cietas fazes mikroekstrakcijas Skiedru ietekmi uz specialty kafijas
dz€rienu gaistoso savienojumu ekstrakciju un noteiksSanu.

2. Analizét fenolu savienojumu sastavu un sensoro kvalitati dazadas izcelsmes un
grauzd€juma specialty kafija.

3. Noteikt grauzd€sanas procesa ietekmi uz gaistoso savienojumu sastavu.

4. Analizét negaistoSo savienojumu sastava izmainas grauzdéSanas procesa.

5. lzveidot gazu hromatografijas-olfaktometrijas vardnicu specialty kafijai.

Analizét paterétaju novertejumu par specialty kafijas dz€rieniem ar potenciali
palielinatu biologiski aktivo savienojumu koncentraciju.

Promocijas darbs apkopots tris nodalas.

1. nodala aprakstits kafijas kimiskais sastavs, sensoras ipasibas un iesp&jamas to
izmainas grauzdéS$anas procesa; izvertéta informacijapar biologiski aktivo savienojumu
sastavu kafija un to ietekmi uz veselibu; sniegta informaciju par specialty Kkafijas
kvalitates standartiem.

2. nodala sniegts kafijas grauzdésanas procesa apraksts un apkopotas izmantotas
metodes, materiali promocijas darba.

3. nodala sniegts apkopojums par promocijas darba iegiitajiem rezultatiem ar to
diskusiju, lai iegtitu secinajumus atbilstosi izvirzitajai hipotézei un uzdevumiem. Nodala
izvertéta dazadu cietas fazes mikroekstrakciju (CFME) $kiedru sp&ja ekstrahét specialty
kafija nozimigus gaistoSos savienojumus; aprakstitas kimisko un sensoro raditaju
izmainas grauzd€Sanas procesu ietekmg; analiz€ta aromatu veidojoso Ssavienojumu
uztvere dazadi grauzdéta un pagatavota kafija ar gazu hromatografijas-olfaktometrijas
metodi; izvertéts kafijas patérétaju viedoklis par specialty kafiju.



Promocijas darba novitate.

. Veikts komplekss gaistoso savienojumu un biologiski aktivo savienojumu
salidzinajums dazada grauzd&juma pakapes specialty kafija.

. Cietas fazes mikroekstrakcijas Skiedru izvért€jums uzlabotai gaistoso savienojumu
noteikSanai specialty kafija.

. GaistoSo savienojumu un aromatu veidojoSo savienojumu profila noteikSana
dazada grauzd&juma un pagatavosanas metozu kafijas.

. Gazu hromatografijas-olfaktometrijas vardnicas izveide, kas lauj analizet
aromatveidojoSo savienojumu uztveri dazada grauzd€uma pakapes un
pagatavosanas veida kafija.

Tautsaimniecibas nozime.

Analize par grauzdéSanas pakapes ietekmi uz kafijas kvalitati un biologiski aktivo

savienojumu saturu specialty kafija, sniedz kafijas grauzde€tajiem iesp&ju pielagot
grauzdéSanas procesu.

Doktorantiiras studiju laika promocijas darba autore praktizéjas Kanzasas Stata

universitates ‘“Pateérétaju uzvedibas un sensoras zinatnes” centra (Amerikas Savienotajas
Valstis), kura tika veikta pétnieciska darba izstrade. Prakses vietu un iesp&ju veikt
pétniecisko darbibu nodroSinaja Baltijas Amerikas Brivibas fonda (BAFF) un
Starptautiskas izglitibas apmainas padomes (CIEE) pieskirta stipendija.

Promocijas darba izstrade tika veikta pateicoties sekojosiem lidzfinanséjumiem:

» pétijuma programmas “Zinatniskas kapacitates stiprinasana LLU” (2018.—
2020.) projekta Nr. 3.2-10/2018/LLU/74 “Specialty kafijas biologiski aktivo
savienojumu izmainas tehnologisko procesu ietekmé” (Z22);

» "8th European PhD Flavour Research Awards" programma,;

» ES32 “LLU pareja uz jauno doktorantiiras finanséSanas modeli” projekts
Nr. 8.2.2.0/20/1/001.

Promocijas darbs ir rakstits anglu valoda (Apvienotas Karalistes) 108 lapas,

ieskaitot 27 tabulas, 16 att€lus, Cetri pielikumi, un 190 zinatniskas literatiiras atsauces.



Approbation of the scientific work / Zinatniska darba aprobacija

The research results are published in six scientific issues, including five

publications indexed in the international citation databases SCOPUS and Web of Science,
and reported at nine international conferences. / Petijuma rezultati ir publicéti Septinos
zindtniskajos izdevumos, ieskaitot seSas publikacijas, kas indeksétas starptautiskas
citesanas datubazés SCOPUS un Web of Science, un par tiem zinots devinds
starptautiskajas konferencés.

Publication indexed in international citation databases SCOPUS or Web of Science

| Publikacijas, kas indeksetas starptautiskaja datu bazé SCOPUS vai Web of Science.

1.

Laukaleja, 1., & Koppel, K. (2021). Aroma-active compound perception in
differently roasted and brewed coffees by gas chromatography-olfactometry.
Journal of Sensory Studies, 36(6), e12708. DOI:10.1111/joss.12708

Laukaleja, 1., & Kruma, Z. (2019). Evaluation of a headspace solid-phase
microextraction with different fibres for volatile compound determination in
specialty coffee brews. Research for Rural Development 2019, 1, 215-221.
DOI:10.22616/rrd.25.2019.032

Laukaleja, 1., & Kruma, Z. (2019). Phenolic and volatile compound composition
influence specialty coffee cup quality. Agronomy Research, 17(S2), 1367-1379.
DOI:10.15159/ar.19.074

Laukaleja, 1., & Kruma, Z. (2019). Influence of the roasting process on bioactive
compounds and aroma profile in specialty coffee: a review. Proceedings of 13th
Baltic Conference on Food Science and Technology “Food. Nutrition. Well-Being”
and NEEFOOD 2019 5th North and East European Congress on Food, Jelgava:
LLU, 7-12. DOI:10.22616/FoodBalt.2019.002.

Laukaleja, 1., & Kruma, Z. (2018). Quality of Specialty Coffee: Balance between
aroma, flavour, and biologically active compound composition: Review. Research
for Rural Development 2018, 1, 240-247. DOI:10.22616/rrd.24.2018.038.

Publications in peer reviewed scientific issues / Publikacijas recenzéta zinatniskaja

izdevuma.

Laukaleja, I., Kruma, Z., & Cinkmanis, I. (2022). The impact of the roast level on
chemical composition in coffee from Colombia. Proceedings of the Latvian
Academy of Sciences, Section B: Natural, Exact, and Applied Sciences, 76(1),
DOI:20-26. 10.2478/prolas-2022-0022

Laukaleja, 1., & Koppel, K. (2022). Consumer's perception of specialty coffee
brews with potentially increased bioactive compound content. Foods, 11 (submitted
/ iesniegts).

Results have been presented at nine international conferences in Latvia, Estonia,

Germany, Portugal, United States of America / Par rezultatiem zinots devinas
starptautiskajas konferencés Latvija, Igaunija, Vicija, Portugale un Amerikas
Savienotajas Valstits.

1. Laukaleja, 1., Koppel, K. (2021) Consumer’s perception of different roast degree

coffee brews with potentially increased bioactive compound content. The 14th
Pangborn Sensory Science Symposium, United States of America (online), August
9-12 (Poster presentation / Stenda referats).



. Kruma Z., Laukaleja, I., Cinkmanis, 1. (2019) The impact of the roasting process
on chemical composition and sensory profile in specialty coffee from Colombia.
EuroFoodChem XX Conference, Porto, Portugal, June 17-19 (Poster presentation
| Stenda referats).

. Laukaleja, 1., Kruma Z., Cinkmanis, I. (2019) Sensory profile and phenolic
compound composition of specialty coffees from three different regions.
EuroFoodChem XX Conference, Porto, Portugal, 2019, June 17-19 (Poster
presentation / Stenda referats).

. Laukaleja, 1., Kruma Z. (2019) Evaluation of a headspace solid-phase
microextraction with different fibres for volatile compound determination in
specialty coffee brews. 25th Annual International Scientific Conference "Research
for Rural Development 2019", Jelgava, Latvia, May 15-16 (Oral presentation /
Mutiska prezentacija).

. Laukaleja, 1., Kruma Z. (2019) Phenolic and volatile compound composition
influence on specialty coffee cup quality. International Conference on Biosystems
Engineering 2019 "BSE 2019", Tartu, Estonia, May 8-10 (Oral presentation /
Mutiska prezentacija).

. Laukaleja, 1., Kruma Z. (2019) Influence of the roasting process on bioactive
compounds and aroma profile in specialty coffee. 13th Baltic Conference on Food
Science and Technology "Food. Nutrition. Well-being™, Jelgava, Latvia, May 2-3
(Oral presentation / Mutiska prezentacija).

. Laukaleja, 1., Kruma Z. (2018) Biologically active compound influence on specialty
coffee cup quality. 12th World Congress "Polyphenols Application 2018", Bonn,
Germany, September 2628 (Poster presentation / Stenda referats).

. Laukaleja, 1., Kruma Z. (2018) Quality of specialty coffee: balance between aroma,
flavour and biologically active compound composition: a review. 24th Annual
International Scientific Conference "Research for Rural Development 2018",
Jelgava, Latvia, 2018, May 14-16 (Oral presentation / Mutiska prezentacija).

. Laukaleja, 1., Kruma Z. (2017) Influence of brewing method to phenolic
composition in specialty coffees. 4th North and East European Congress on Food
"NEEFood,"” Kaunas, Lithuania, September 11-13 (Poster presentation / Stenda
referats).
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INTRODUCTION / IEVADS

Coffee consumption increases each year significantly. The demand for ethical and
sustainably produced coffee is the main reason for specialty coffee segment growth.
Specialty coffee can be defined as coffee with high-quality standards from the green
coffee beans until brewing the coffee. By applying these standards, it is possible to
highlight the high-quality sensory characteristics of coffee brew (Urwin, Kesa, & Joao
2019).

Meanwhile, consumers not only pay more attention to the quality of the coffee but
are willing to learn more about potential health benefits. The coffee health benefits are
associated with the wide range of biologically active compounds in coffee (Nuhu 2014;
Laukaleja & Kruma 2018). Coffee has also been recorded as one of the primary
polyphenol sources in Eastern European individual diets (Moskal et al. 2015).

Significant physical and chemical changes of coffee bean occur during the roasting
process. The complex chemical reactions in roasting process are responsible for volatile,
including aroma-active compound formation. In has been reported that coffee defects
have negative impact on the coffee aroma (Moon & Shibamoto 2009; Laukaleja & Kruma
2018).

Previous studies have reported polyphenol compound content decrease during the
coffee roasting process (Mojica et al. 2018). Specialty coffee is mainly roasted at a light
level to highlight specific sensory characteristics. However, light roasted coffee has
higher organic acid content and tend to highlight sensory attributes which are not expected
for the regular coffee consumer(Poltronieri & Rossi 2016; Laukaleja & Kruma 2019a).

The object of the doctoral thesis is Coffea arabica L. coffee beans at different roast
levels.

Research hypothesises that it is possible to obtain a higher biologically active
compound content and improve speciality coffee brew's sensory quality by adjusting
roasting processes.

The aim of the doctoral thesis was to evaluate the impact of the roast level on the
composition of biologically active compounds and sensory quality in specialty coffee. To
achieve the aim of the doctoral thesis, the following objectives have been established.

1. To evaluate different solid—phase microextraction (SPME) fibre influence on
specialty coffee brew volatile compound extraction and detection.

2. To analyse phenolic compound content and cup quality profile in different origin
and roast specialty coffees.

3. To determinate roasting process influence on volatile compound profile.

4. To evaluate non—volatile compound content changes during the roasting process.

5. To develop an initial gas chromatography-olfactometry vocabulary for specialty
coffee brews.

6. To assess consumer perception of specialty coffee brews with potentially increased
bioactive compound content.

The doctoral thesis consists of three chapters.

Chapter 1 describes coffee's chemical composition, sensory properties, and
possible changes during roasting and brewing processes; provides information about the
biologically active compound composition and their impact on health; defines specialty
coffee and coffee quality standards.

Chapter 2 describes the coffee roasting process and summarises the materials and
methods of analysis.
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Chapter 3 summarises the results obtained in this study with a discussion to
achieve the conclusions according to the hypothesis and established objectives. The
chapter describes the evaluation of different SPME fibre influence on specialty coffee
brew volatile compound extraction and detection; the chemical and sensory profile
changes under the influence of roasting process; aroma-active compound perception in
coffee by gas chromatography—olfactometry; analysis of consumer perception of
specialty coffee brews.

The novelty of the doctoral thesis.

1. A complex volatile and biologically active compound comparison has been
developed for different roast level specialty coffee.

2. Solid-phase microextraction fibre evaluation for improved volatile compound
detection in specialty coffee.

3. Volatile and aroma-active compound profile analysis in different roast level
specialty coffee;

4. Developed gas chromatography-olfactometry vocabulary allows to analyse aroma-
active compound perception in differently roasted and brewed specialty.

The economic significance of the doctoral thesis: the completed analysis about the
roast level impact on coffee quality and bioactive compound content in specialty coffee
provides the coffee roasters with an opportunity to adjust roast parameters.

During the PhD studies, the author had an internship at the Human Behaviour and
Sensory Science Centre in Kansas State University (United States of America), where
experimental work was done. The internship was provided by the Baltic—American
Freedom Foundation (BAFF) and the Council on International Education Exchange
(CIEE).

The study was partly financed by:

» the LLU programme “Strengthening Research Capacity at the Latvia University of
Agriculture” grant contract No. 3.2.-10/2018/LLU/74 “The changes of biologically
active compounds of specialty coffee under the influence of technological
processes” (Z22);

> the “8" European PhD Flavour Research Awards Programme”;

» the doctoral studies grant “Transition to the new doctoral funding model at the
Latvia  University of Life Sciences and Technologies”, Contract
No. 8.2.2.0/20/1/001.

The thesis is written in English (United Kingdom); it consists of 108 pages, 27
tables, 16 figures, four appendixes, and 190 bibliographic sources.
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1. PROBLEM STATEMENT / PROBLEMATIKAS RAKSTUROJUMS

1.1.  Coffee production steps and quality standards /
Kafijas raZoSanas posmi un kvalitates standarti

Coffee beans are the seeds from the Coffea tree (genus Caffea L.), which belongs
to the Rubiaceae family. The Coffea tree has naturally grown in African forests and is
cultivated in tropical areas around the equator, such as India, Indonesia, Central and South
America (Preedy 2015). The Coffea tree has more than 100 species, however, only two
of them are commercialized — Coffea arabica and Coffea canephora (Adepoju et al. 2017;
Ferreira et al. 2019).

Several studies have reported that Coffea arabica was created from natural
hybridization between Coffea canephora and Coffea eugenioides. As a result of natural
hybridization, Coffea arabica is the only genus Caffea species with 44 chromosomes
(Geleta et al. 2012; Ferreira et al. 2019). The uniqueness of Coffea arabica chromosome
status could be one of the reasons for the pleasant flavour and aroma profile formation,
which is respected among coffee consumers. Coffea arabica makes approximately 70%
and Coffea canephora 30% of coffee production. For example, International Coffee
Organization (ICO) reported that from December 2020 to November 2021, 79.67 million
bags of Coffea arabica, while 47.37 million bags of Coffea canephora were exported-.
However, Coffea arabica is highly sensitive to climate changes, pesticides, and diseases
that have a strong negative effect on the sensory quality (Fassio et al. 2016; Farah 2019).
If the safety measurements during coffee production are not monitored, it could increase
the possible risks related to consumer health and safety. The high demand and potential
environmental and production risks of Coffea arabica are the main reasons for strong
quality standards implemented in each step from planting Coffea trees until brewing
roasted coffee.

1.1.1. Coffee production steps / Kafijas razosanas posmi

Coffee production is based by multiple steps from planting the Coffea trees till
serving or selling the coffee product. The coffee fruit harvesting and processing can be
carried out at the same Coffea tree plantation site. After green coffee bean quality
evaluation, the coffee is shipped to storage facilities or specific roaster.

The growing conditions are essential to monitor and take preventive actions, if
threats are observed. Coffee, especially Coffea arabica, is sensitive to direct sunlight,
increased temperature, humidity, strong winds, pesticides, and diseases (Preedy 2015;
Martins et al. 2020). Preventative actions such as creating an artificial shade environment
could potentially improve the plant's growing conditions and improve the sensory
attributes of coffee (Geromel et al. 2008; Odeny et al. 2015; Tassew et al. 2021).

Harvesting is the critical step that determines the further quality of coffee.
Harvesting can be done by two methods — strip or selective coffee harvesting. The strip
coffee harvesting method strip the coffee fruits from the branches of the tree by machines
or by hands. By selective coffee harvesting method coffee fruits are handpicked only
when the coffee fruits are mature. Mechanical harvesting is less time consuming and less
expensive compared to hand-picked and selected methods. However, the selective
method has proven to yield better quality coffee (Sridevi & Giridhar 2016; Kazama et al.

LICO, (2021) Exports of all forms of coffee by exporting countries to all destinations [online] [viewed on
13. March 2022] Retrieved from https://www.ico.org/prices/m1-exports.pdf
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2021). By only picking matured fruits, it is possible to limit further coffee defects such as
black beans (overripe) with a strong bitter flavour and immature beans with strong sour
flavour (Franca & Oliveira 2008; Yang et al. 2016). Also, picking coffee from ground
could cause greater risk associated with quality, for example. The moulded coffee could
not only significantly decrease the sensory quality of the coffee but also increasing the
risks of ochratoxin A presence.

Sorting and processing of coffee fruits. After harvesting, the fruits are sorted by
size, shape, coffee defects and other physical objects before they are processed. Coffee
processing is the step when the pulp of coffee fruits outer layers and pulp is removed, and
the coffee seed is collected. There are several post-harvest methods, although two are the
most popular and the most studied - natural (dry) method and wet method. The entire
coffee processing methods are illustrated in Figure 1.1.

Coffee fruits /

Kafijas augli
n [ ]
Harvesting / Novaksana
Fruits from all stages / Only mature fruits /
Augli no visam nobriesanas stadijam Tikai nogatavojusies kafijas augli
1
Pulping / Atkaulosana
1
Fermentation /
Fermentdcija
|
Washing / Mazgasana
Solar drying / 1
KaltéSana saulé Drying / Kaltésana
1 1
Dried coffee fruits / Dried coffee seeds /
Kaltéti kafijas augli Kaltétas kafijas séklas
| 1
Cleaning / TiriSana Cleaning / TiriSana
| 1
Husking / LobiSana Hulling / LobiSana
| 1
Sorting / Skirosana Sorting / Skirosana
Coffee green / Zaja
kafija

Fig. 1.1. Coffee processing scheme / 1.1. att. Kafijas parstrades shema (Preedy, 2015)

The natural (dry) method is the oldest treatment method, which is based on drying
the soft part of the fruit until the moisture content of the coffee beans is in the range of
10-12% (to avoid bacteria and mould growth). Coffee fruits are kept on cloth nets, pruned
regularly for several weeks. The duration of the method depends on the weather (Taveira
et al. 2015).

The wet processing method has gained popularity among coffee producers because
of the higher quality of the product. The wet method only uses matured fruits, while
natural method can be done with fruits form all maturation stages. The mature fruits can
be selected by hand, machines, or floating tanks. The next step is to separate the coffee
seeds from outer layers, including pulp, the process is called pulping. After pulping the
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coffee seeds with removed pulps are stored in fermentation tanks for 12 to 36 hours. The
fermentation can be done naturally or with added enzymes, microorganisms. While the
remaining silverskins of coffee and pulp are removed by microorganisms, the pH
decreases to 4.5 and acidity increases. After fermentation the coffee seeds are washed
with fresh water and sun dried until moisture content is in the range of 10-12% (Taveira
et al. 2015; Poltronieri & Rossi 2016).

After drying the coffee seeds, the dried outer layers of coffee seeds are mechanically
removed, this process is called dehusking (natural method) or dehulling (wet method).
Coffee has more sweetness, overall texture if the natural method is used, while wet
method can highlight acidity. The quality standards for coffee processing are crucial, the
coffee is at risks of mould, fungus, bacteria, and insects (Preedy, 2015). The ICO
recommends several guidelines and procedures to avoid coffee contamination>,

Coffee roasting is the process of modifying the chemical and physical properties
of green coffee beans and creating a roasted coffee product. Green coffee beans are higher
in acidity, protein, sugar, and caffeine, but don’t have the desired flavour. The roasting
process is the main stage in the coffee production which is responsible for the coffee's
characteristic taste and aroma. The roasting process can be divided into four stages:

» Drying stage (up to 150 °C).

» First stage of roasting (150 °C to 180 °C).

» Second stage of roasting (180° to 230 °C).

» Third stage of roasting (above 230 °C) (Farah 2019).

In the drying stage the green coffee beans have just been placed in the roaster, the
temperature drops immediately, as the coffee beans absorb the energy of the environment,
so the first phase of roasting is endothermic. As the temperature rises from
50 °C to 100 °C, changes in the structure of the coffee cells are observed, and as the
temperature approaches or slightly exceeds 100 °C, the water in the coffee bean begins
to form steam and pressure. The created pressure increases the initial bean temperature.
With increasing temperature, the colour components in the beans, such as chlorophylls
and anthocyanins, decompose and thus the green colour of the beans changes to yellow-
golden tones (Petisca et al. 2012; Toci, Azevedo, & Farah 2020).

The first roasting stage is responsible for the most chemical and physical changes
of coffee bean. Maillard reaction between amino acids and reducing sugars starts when
the bean temperature increases to 150 °C, and the aroma of coffee beans changes from
earthy notes to roasted nuts and baked bread aroma (Oestreich-Janzen 2014; Mojica et al.
2018). The generated steam starts to create pressure inside the beans. As the pressure rises
temperature to a certain threshold (approximately 180-205 °C), a rupture occurs at the
cellular level, called the “first crack”. With the “first crack™, the size of the coffee bean
doubles and the moisture content of the coffee decreases from the initial 10-12% to
3-5% (Petisca et al. 2012; Preedy 2014). The coffee beans cell expansion and rupture
allow the inner soluble compounds to be more easily extracted during brewing process.

When the third stage is reached (225 to 230 °C or above), internal pressure begins
to form from CO., CO and NO- and other gases. Under the influence of pressure, cells
rupture. This is called the “second crack™, at which the coffee oils start to cover the outer
surface of the coffee bean, obtaining a glossy visual image (Gloess et al. 2014). At the
second stage the coffee oils are still “trapped” in the coffee bean cells, and with increasing

2 |CO, (2006) Guidelines for the Prevention of Mould Formation in Coffee [online] [viewed on 20. March
2022] Retrieved from http://dev.ico.org/documents/ed1988e.pdf

% I1CO, (2002). Code of practice - Guidelines for the Prevention of Mould Formation in Coffee [online]
[viewed on 20. March 2022] Retrieved from https://www.ico.org/documents/psch36.pdf
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temperature and “second crack”, undesirable oxidation processes of aromatic substances
have been observed (Mojica et al. 2018; Giacalone et al. 2019).

During the roasting process coffee defects can be created. For example, “light” or
“underdeveloped” defects are the results of two low roasting temperature at the beginning
of the roasting process. If the starting temperature is slightly too high or the roasting
process is too long, the “dark” defect can occur with phenolic, ash-like flavour, aroma
notes. If the roasting process was too long and the starting temperature was too high, the
“scorched “defect can be created with unpleasant bitterness, astringency and burnt aroma
notes. In order to avoid possible defects in roasted coffee, quality evaluation is necessary
before and after roasting process. Despite that there are no specific roasting standards,
only guidelines by countries or organizations such as Specialty Coffee association (SCA),
National Coffee Association of America (NCAA). Coffee roasting profile can be divided
in several levels — light, medium and dark, although it is crucial to base these levels on
roasting parameters and/or colour standards (Agtron) (Oliveira et al. 2013; Vignoli et al.
2014). Melo (2004) study presented Agtron roast profile stages, which are used in
scientific studies as measurement of roast level.

The green coffee beans physical parameters such as density, moisture content can
impact the roasting time and the expected roast level. Beans with lower density or high
moisture content have shown to increase the roasting time, while beans with high density
or low moisture content can decrease the roast time (Ramalakshmi, Kubra, & Rao 2007;
Kipkorir, Muliro, & Muhoho 2015). To ensure the roasting process repeatability, it is
important to adjust the roasting variables according to green coffee beans physical
parameters. In the scientific studies mostly four roasting variabales are considered — the
roast temperature when coffee beans are inserted in the roaster (charge temperature), the
roast temperature when the coffee beans are removed from the roaster (drop temperature),
the airflow inside the roaster and the roasting time (Fuller & Rao 2017; Kwak, Ji, & Jeong
2017; Garcia et al. 2018).

1.1.2. Coffee quality standards and specialty coffee definition /
Kafijas kvalitates standarti un specialty kafijas definéejums

Coffee quality standards are defined by each producing and exporting country. The
ICO collects and summarises the standards and guidelines from all coffee producing
countries, an example, in 2018 ICO reported “National Quality Standards” with detailed
information about every coffee producing country grading and certification standards®.
Organizations like Coffee Quality organization (CQA), NCAA and World Coffee
Research (WCR) are non-profit agricultural research organizations, which provide
information about coffee market trends, latest academic studies or created guidelines to
improve the quality of coffee.

The definition of quality changes, with increasing coffee consumption, production
rates and awareness of situation in coffee producing countries. The quality of coffee can
be affected in every coffee producing step. To minimize the risks of potential threats,
educational guidelines are set with clear cup quality evaluation protocols. Specialty coffee
can be defined as coffee with high-quality standards from the coffee plantation process
until delivery to the consumer. By applying these standards, it is possible to highlight the
high-quality sensory characteristics of coffee brew (Urwin, Kesa, & Joao 2019). Specialty
coffee standards are regulated by SCA. The SCA provides protocols and best practices,
for example “Green Coffee Grading Protocols” and “Brewing Best Practices”. The
protocols have been used in scientific studies as coffee sample, preparation guidelines or

4 1CO (2018) National Quality Standards [online] [viewed on 20. March 2022] Retrieved from
https://www.ico.org/documents/cy2017-18/icc-122-12e-national-quality-standards.pdf
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as coffee sample quality evaluation method (Carvalho & Spence 2018; Cotter et al. 2021).
The most widely used protocols are “Cupping protocols”.

SCA cup quality assessment method is applied to analyse the quality of coffee
beans. Certified coffee assessors (Q-graders) perform cup quality assessment using
specialty coffee cupping protocol®. Coffees are measured by ten specialty cup quality
attributes and for each attribute 10 points are given. (Fig. 1.2).

Specialty Coffee Association of America Coffee Cupping Form Quality scale:
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Fig. 1.2. Specialty Coffee Association cupping form /
1.2. att. Specialty kafijas asociacijas kafijas vértésanas lapa®

The coffee evaluation process is divided in three steps:
1) aroma evaluation of dry ground samples (15 minutes after the coffee sample was
ground);
2) aroma evaluation of coffee brew after 3 minutes from extraction (coffee brew
temperature 93 °C);
3) evaluation of coffee brew flavour after 8-10 minutes from extraction (flavour,
aftertaste at 71 °C; acidity, body, and balance at 71 to 60 °C).
The panellists also can give a description of specific flavour, aroma perceived
according to Chambers IV et al. (2016) statements. Each attribute is evaluated in scale
from six to ten with quarter point increment (Table 1.1).

Table 1.1/ 1.1. tabula
Attribute evaluation scale for cupping / Kafijas sensoro ipasibu vértejuma skala

Quality Scale / Kvalitates vértéjumu skala
Good / Very Good / Excellent / Outstanding /
Labi (6.00) Loti labi (7.00) Teicami (8.00) Izcili (9.00)
6.00 7.00 8.00 9.00
6.25 7.25 8.25 9.25
6.50 7.50 8.50 9.50
6.75 7.75 8.75 9.75

The final cup quality score is in a range from 60 to 100 points (by summing all ten
attribute scores). Coffee is classified as a specialty only if the final cupping score is at
least 80 points (Tolessa et al. 2016; Velasquez et al. 2019).

SCA cup quality assessment method has been used in several scientific studies.
Kwak, Ji, & Jeong (2017) have evaluated the airflow influence on coffee quality in

SSpecialty Coffee Association of America (2015) Cupping Specialty Coffee [online] [viewed on 20. March
2022] Retrieved from https://www.scaa.org/PDF/resources/cupping-protocols.pdf >

24


https://www.scaa.org/PDF/resources/cupping-protocols.pdf

roasting process. Piccino et al. (2014) analysed specific coffee odorant role on overall
coffee cup quality.

1.1.3. Sensory analysis role in coffee quality and liking determination /
Sensoras analizes nozime kafijas kvalitates un pateretaju patikSanas
novertejuma

Sensory analysis allows to better understand coffee characteristics. To analyse the
intensity of specific attribute in coffee descriptive analysis is applied. Hedonic liking
score tests are applied to understand consumer opinion, preference or acceptance of coffee
(Kim, Lee, & Kim 2016; Cotter et al. 2021; Caporaso, Whitworth, & Fisk 2022). For
better understanding sensory attributes of product, sensory lexicons are developed.
Lexicons are objectively described vocabularies for specific food products (Lawless &
Civille 2013). Lexicon development creates enlightenment between industries
participants and academic researchers to better evaluate sensory characteristics of the
products (Xia et al. 2015; Chambers 1V et al. 2016; Echeverria-Beirute et al. 2017).
Lexicon development and implementation allow to avoid misconception of attributes,
example, “green” attribute in Bueno de Godoy, Chambers IV, & Yang (2020) study mate
tea lexicon was defined as “slightly sweet fresh aromatics associated with cut grasses”,
while in Chambers 1V et al. (2016) research of coffee lexicon it’s defined as “aromatics
commonly associated with cooked green vegetables such as spinach, kale, green beans
that may include bitter, sweet, dusty, musty, earthy, and may have a dark heavy
impression”.

1.2.  Chemical composition in different roast level coffee /
Kafijas kimiskais sastavs daZada grauzdejuma pakapes kafija

1.2.1. Chemical composition of coffee / Kafijas kimiskais sastavs

The basic chemical composition of coffee is lipids, proteins, carbohydrates,
chlorogenic acid, caffeine. Lipids, proteins, and carbohydrates in coffee are the aroma,
flavour precursors. Table 1.2 illustrates the chemical composition of coffee.

Table 1.2/ 1.2. tabula
Chemical composition of green and roasted coffee /
Zalas un grauzdetas kafijas kimiskais sastavs (Preedy, 2014)

Chemical compound content /

Chemical Kimisko savienojumu sastavs, %
compounds / C.arabica C.canephora
Kimiskie savienojumi | Green coffee /| Roasted coffee / | Green coffee / | Roasted coffee /
Zala kafija | Grauzdeta kafija | Zala kafija | Grauzdeta kafija
Polysaccharides /| g5 5 55 24.0-39.0 37.0-47.0
Polisaharidi
Oligosaccharides /| ¢ 5 g g 0-35.0 5.0-7.0 0.0-35
Oligosaharidi
Lipids / Lipidi 12.0-18.0 14.5-20.0 9.0-13.0 11.0-16.0
Free amino acids / 2.0 0.0 2.0 0.0
Brivas aminoskabes
Protein / Proteini 11.0-13.0 13.0-15.0 11.0-13.0 13.0-15.0
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Continued Table 1.2/ 1.2. tabulas turpindjums

Chemical compound content /
Chemical Kimisko savienojumu sastavs, %
compounds / C.arabica C.arabica
Kimiskie savienojumi | Green coffee /| Roasted coffee / | Green coffee / | Roasted coffee /
Zala kafija | Grauzdeta kafija Zala kafija Grauzdeta kafija
Chiorogenic acid /| 5 5 g g 12-23 7.0-10.0 3.9-46
Hlorogénskabe
Caffeine / Kofeins 0.9-1.2 0-1.0 0.6-0.8 0.3-0.6
Trigonelline / 1.0-1.2 0.5-1.0 0.6-0.8 0.3-0.6
Trigonelini
Fatty acids /
Tavkskabes 1.5-2.0 1.0-15 1.5-2.0 1.0-15
Minerals / 3.0-4.2 3.5-45 4.0-45 46-5.6
Mineralvielas
Melanoidins /
Melanoidi 16.0-17.0 16.0-17.0

Coffee lipids can be formed from triglycerides, diterpenes and esterified sterols.
Diterpene kahweol and cafestol are the main coffee lipids. Coffea arabica L. has higher
concentration of both coffee lipids compared to C. canephora. Kahweol and cafestol are
esterified with fatty acids. Linoleic and palmitic acid are the main fatty acids linked to
diterpenes (Sridevi, Giridhar, & Ravishankar 2011; Kitzberger et al. 2013).

Figueiredo et al. (2015) reported that saturated fatty acids can have a positive
correlation with sensory quality scores of specialty coffee. Coffee with higher stearic and
arachidic fatty acid content are associated with more pleasant sensory attributes like
texture and body of coffee drink. While unsaturated fatty acids tend to have a negative
correlation with sensory attributes such as aroma, flavour of coffee brews (Figueiredo et
al. 2015; Laukaleja & Kruma 2018).

Carbohydrates account for about 40-50% of green coffees chemical composition
and can be divided into soluble and insoluble carbohydrates. Insoluble carbohydrates in
coffee are polysaccharides such as arabinogalactans and galactomannans. They are
responsible for the strength of coffee beans cell walls (Fischer et al. 2001; Coelho et al.
2014). Polysaccharides degrade to reducing sugars such as mannose, arabinose, and
glucose during the roasting process. The reducing sugars are one of the most essential
aroma and flavour precursors in coffee. At the first stage of roasting Maillard reaction
occurs between amino acids and reducing sugars. As the result of Maillard reaction,
complex volatile compounds are formed (Moon & Shibamoto 2009; Ludwig et al. 2013).

Sucrose content in green coffee is associated with improvement of roasted coffee
brew sensory quality. Borém et al. (2016) has stated that sucrose content in green coffee
has a positive correlation on acidity and sweetness of roasted coffee. The coffee fruit
maturation has been reported as one of the factors impacting sucrose content in green
coffee. Geromel et al. (2008) have found significant importance in creating and
monitoring coffee tree and their fruit exposure to direct sunlight. A more controlled shade
environment slows down the coffee fruit maturation, which improves reducing sugar
formation. These findings can explain specialty coffee standard importance for the
harvesting and post-harvesting processes.

Coffee proteins. Proteins in green coffee account for about 10-12% of the chemical
composition. Coffee proteins can be divided into amino acids and peptides (Oestreich-
Janzen 2014). The amino acids are largely transformed during the roasting process via
several chemical reactions such as Maillard reaction, Strecker degradation. In reaction
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with reducing sugars, sulphur-containing amino acids (cysteine and methionine) can form
important volatile compounds like furfurylthiol (Ribeiro et al. 2009; Laukaleja, Kruma,
& Cinkmanis 2022). Proline and hydroxyproline via Maillard reaction are reported to
form pyrroles, pyrrolizines, and pyridines. From Strecker degradation, aldehydes are
formed, which are crucial in aroma profile formation. The most common Strecker
aldehydes in coffee are 3-methylbutanal with malt, nutty notes and phenylacetaldehyde
with honey notes (Franca & Oliveira 2008; Lee, Kim, & Lee 2017; Laukaleja & Kruma
2019a).

1.2.2. Characterization of coffee biologically active compounds /
Biologiski aktivo savienojumu raksturojums kafija

Biologically active compounds could be explained as compounds that can interact
with one or more living cells or tissues positively or negatively affecting their function.
Moderate coffee consumption has proven to have several health benefits. Moderate coffee
consumption is associated with reduced mortality, risk of cardiovascular disease,
depression, and migraine. For example, a prospective cohort study conducted in 2016
confirmed that regular coffee consumption reduces mortality among Eastern Europeans.
More specifically, consuming 3-4 cups of coffee per day reduces mortality from
cardiovascular disease in men and mortality from malignancies in women

(Grosso et al. 2015). Meta-analysis data, including eight cohort studies with a total
of 3153 participants, show that taking 1-3 cups of coffee a day reduces the risk of
developing liver cancer by 50%. Still, by taking more than 4 cups of coffee a day,
mortality from liver cancer is reduced by 90% (Cavalli & Tavani 2016).

The biologically active compound composition in coffee is one of the main reasons
for the beneficial effects on human health. The main biologically active compounds in
coffee are caffeine, trigonelline, diterpenes and phenolic compounds such as chlorogenic
acid and catechin.

Studies on coffee consumption and a specific health problem include a general
conclusion about coffee and its components. To avoid contradicting situations, the effects
of biologically active compounds in the disease should be considered separately. Mainly
because biologically active compounds are not always defined by positive health effects
alone. Several factors influence their interaction with living tissues:

» chemical structure, bioavailability;

> the living cell itself, with which it interacts;

» application of the component (the dose: used alone or in a mixture with other

substances) (Guaadaoui et al. 2014).

The expression of bioactive compounds in coffee per serving is not the most
accurate unit. However, it is the most precise measure of the daily intake of biologically
active compounds in epidemiology studies (Carman et al. 2014). The most important
biologically active compounds in coffee for human health are expressed per serving —
espresso coffee (30 mL coffee drink), French press coffee and filtered coffee (200 mL
coffee drink).

Phenolic compounds are one of the main bioactive compound groups found in
plant-based products as pomegranate, blueberries, green tea, wine, and coffee. Coffee is
considered the main polyphenol source in Eastern European countries living people’s
diets (Zamora-Ros et al. 2018). The main phenolic acids in the coffee brew are
chlorogenic acid, caffeic acid, ferulic and g-coumaric acid. The presence of the phenolic
hydroxyl group in the benzene ring has crucial role for antiradical activity of the
compound, which is one of the reasons why chlorogenic, caffeic and ferulic acid have
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significantly higher antiradical activity then cinnamic acid in coffee (Sova 2012).
Flavonoid concentration is higher in leaves or the outer layer of coffee fruit than in coffee
beans. For example, rutin is mainly found in Coffea tree leaves or the pulp. Higher rutin
concentration could be found in roasted coffee and coffee brews if the wet processing
method was applied (Farah 2019)

Chlorogenic acid is mainly obtained from tobacco, mulberry leaves, coffee beans
and hard dicotyledonous fruits. With increasing roast level, the concentration of
chlorogenic acid decreases significantly. Chlorogenic acid with increasing roast level
transform to chlorogenic acid lactones (Moreira et al. 2012). The chlorogenic acid
lactones can transform to phenylindanes if the roasting process continues after medium
roast level. In coffee brew, chlorogenic acid can give sour or an astringent taste,
chlorogenic acid lactones are associated with pleasant bitterness, while phenylindanes
have bitter, burnt taste (Tolessa et al. 2016; Yang et al. 2016). Several studies have
confirmed that it is possible to provide high sensory quality coffee without losing
significant levels of chlorogenic acid (Moon & Shibamoto 2009; Somporn et al. 2011;
Coelho et al. 2014). Chlorogenic acid content in coffee brew can vary between
5 mg mL? to 200 mg mL? (Jeon et al. 2017). A person who regularly drinks coffee
consumes more than 1 g of chlorogenic acid per day (Ludwig et al. 2014).

Caffeine is one of the most potent bioactive compounds in coffee. Caffeine is twice
as much in C. canephora (1.5-2.5 g 100 g dry weight) as in Coffea arabica L. beans
(0.9-1.3 g 100 g* dry weight). The caffeine content of coffee can be influenced by genetic
factors and environmental factors such as coffee roasting and brewing. Caffeine is an
alkaloid that dissolves well in water; therefore, the brewing technique can influence
caffeine extraction in the coffee brew. Phuoc & Phu (2014) states that caffeine extraction
increases until the water temperature reaches 96 °C, afterwards caffeine extraction
reaches a plateau. Caffeine is burned during the long-term roasting process (roasting
temperature above 230 °C). Several studies confirm that light roasted coffee will contain
significantly more caffeine than dark roast coffee (Dias & Benassi 2015).

According to a scientific report by the European Food Safety Authority (EFSA) on
the safety standards for caffeine®, the dose of caffeine can be 200 mg per intake. Still, the
total daily dose can be 400 mg. According to several scientific reports, Europeans
consume 40-94% of their coffee caffeine. Citizens of seven out of thirteen European
countries exceed their daily caffeine intake by almost 32%. The highest caffeine
consumption from coffee is in Sweden (the average daily dose of caffeine is 690 mg)
(Martini et al. 2016).

Melanoidins are formed as Maillard reaction final products. Several studies have
mentioned that also chlorogenic acid could be involved in melanoidin formation (Moreira
et al. 2012; Coelho et al. 2014). Melanoidin concentration is higher in Coffea arabica L.
coffee than in C. canephora. It could indicate that the sugar composition has a higher
impact on melanoidin formation than chlorogenic acid since Coffea arabica L. has lower
chlorogenic acid content and higher carbohydrate content than C. canephora (Ciaramelli,
Palmioli, & Airoldi 2019). Melanoidins have also been shown to prevent linoleic acid
peroxidation, which is more pronounced for dark-roasted coffee than light-roasted coffee
(Labbe et al. 2016).

& European Food Safety Authority (2015) Scientific Opinion on the safety of caffeine [online] [viewed on
20. January 2022] Retrieved from https://www.efsa.europa.eu/sites/default/files/consultation/150115.pdf
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1.2.3. Volatile and aroma-active compound composition of coffee /
GaistoSo un aromatu veidojosSo savienojumu sastavs kafija

The aroma of coffee is one of the most crucial sensory attributes for predicting the
quality of the product. The volatile compounds and their composition strongly affect the
aroma of coffee (Ribeiro et al. 2012). The volatile compound formation occurs in the
roasting process through complex chemical reactions, however it is possible to predict
specific compound formation by understanding the precursors and their reactions. The
amino acids, sugars, lipids and phenolic compounds in green coffee act as aroma, volatile
compound precursors during roasting process (Yeretzian et al. 2002).

Although the coffee aroma is generated from volatile compounds, not all volatile
compounds impact the coffee aroma. A compound can be called aroma-active if a human
assessor can detect an odour in minimum concentration (odour threshold) or in
concentration at which the odour can be described (odour recognition threshold) (Tamura
et al. 2011, Paravisini et al. 2015; Song & Liu 2018; Laukaleja & Koppel 2021).

Previous studies have confirmed more than 800 volatile compounds detected in
roasted coffee (Franca & Oliveira 2002; Yang et al. 2016; Jeon et al. 2017), although only
about 20-30 of them can potentially impact the aroma profile of coffee (Mahattanatawee,
Goodner, & Baldwin 2005; Laukaleja & Koppel 2021). For example, Deibler & Delwiche
(2004) reported that freshly brewed coffee had 66 volatile compounds, and only 20 had
potent aroma characteristics.

Volatile compound associated aromas can be impacted by roasting process.
Volatiles detected in light roast coffee can present aromas attributes such as fruity, floral,
citrusy, while dark roasted coffees have volatiles associated with coffee-like, roasted and
burnt aroma attributes (Yeretzian et al. 2002; Laukaleja & Kruma 2018).

Table 1.3 shows the aroma-active compound effect on sensory quality under
influence of coffee roasting process. The main chemical classes of volatile compounds
detected in coffee are furans, ketones, aldehydes, organic acids, esters, pyridines,
phenolic, and sulphur-containing compounds.

Table 1.3/ 1.3. tabula
Aroma-active compound effect on cup quality under influence of coffee roasting
process / Aromatu veidojoso savienojumu ietekme uz sensoro kafijas kvalitati
grauzdésanas procesa ietekmé (Laukaleja & Kruma 2018)

Positive / Pozitiva

Effect on cup quality /| Roast level / .
letekme uz sensoro | Grauzdesanas %zwsr?ct){ﬂrisi/ %‘&r:;gttl_r;t}l;bt?;/
kafijas kvalitati* pakape** J P
(e)-B-damascenone / cooked apple, sweet /
(e)-p-damascenons salds, cepts abola®
Z_phenylaCEtaldeh}/de/ floral, fruit / ziedu, augiu®
. . 2-fenilacetaldehids
light / viegls

2-methylpyrazine /
2-metilpirazins

chocolate, nutty/
Sokolades, riekstu®

2-pentanone /
2-pentanons

sweet, fruity / salds,
augl®

medium / vidéjs

3-methylbutanal /
3-metilbutanals

malt / iesala®

2,3-butanedione /
2,3-butandions

buttery / sviesta'

methanethiol /
metantiols

fresh / svaiguma®
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Continued Table 1.3/ 1.3. tabulas turpindjums

Effect on cup Roast level /

quality / Grauzdésanas Compounds / Aroma attributes /
letekme uz sensoro P —— Savienojumi Aromata ipasibas
kafijas kvalitati* parap
2- methyl-3-furanthiol sulphury, vegetable /
. _ . [ 2-metil-3-furantiols sera, darzenu®
Negative / Negativa dark / tumss - - -
2-methylpyrazine / overripe fruit /
2-metilpirazins pargatavojusos auglu"

*Sensory quality of coffee brew (flavor, aroma, texture) / Kafijas sensoras kvalitate (aromats, garsa,
tekstiira) (Donnet, Weatherspoon, & Hoehn 2008; Suslick, Feng, & Suslick 2010; Cheong et al. 2013)
**The roast level parameters adjusted according to Moon & Shibamoto (2009) / Grauzdésanas parametri
ir saskana ar Moon, Shibamoto (2009) pétijumu.

3Mestdagh et al. (2014); °Piccino et al. (2014); *Wei et al. (2017a); “Majcher, Lawrowski, & Jelen (2010);
®Yang et al. (2016); 'Sunarharum, Williams, & Smyth (2014); %Quintanilla-Casas et al. (2015); "Haile, Bae,
& Kang (2020).

Furans and their compounds, according to research data, are the largest chemical
class by their concentration in roasted coffee (Petisca et al. 2012). Most of furans have
high odour threshold level, however their high content in roasted coffee makes them an
important role for sensory quality and aroma composition (Cordoba et al. 2019). Some of
the most important furans in coffee are 2-furfurylthiol (chocolate, roasted aroma notes),
furaneol (caramel, sweet aroma notes). While furans have the highest concentration
aldehydes, ketones and pyrazines have lower odour threshold level and higher count of
aroma-active compounds (Moon & Shibamoto 2009; Steen et al. 2017).

Ketones and aldehydes concentration and possible aroma can be significantly
impacted by the roast level. Their sensitivity is one of the reasons why they are used as a
sensory quality markers for roasted coffee (Poltronieri & Rossi 2016). For example, the
2,3-pentanedione is associated with higher cup quality scores (Ribeiro et al. 2009; Toledo
et al. 2016). Ketones and aldehydes such as (e,e)-nona-2,4-dienal, 3-methylbutanal and
2-phenylacetaldehyde in light roast coffee can bring aroma notes like citrus, rose,
chocolate (Mestdagh et al. 2014; Cordoba et al. 2019). Also, (e)-B-damascenone and
benzaldehyde are aroma-active compounds with sweet almond or cooked apple, fruit tea
aroma notes (Mayer, Czerny, & Grosch 1999). With increasing roast level
2,3-pentanedione concentration decreases and in lower concentration its aroma is
associated with buttery notes (Sunarharum, Williams, & Smyth 2014).

Pyrazine compounds are formed mostly in Maillard reaction and are associated
with roasted, nutty, or smoky aroma attributes. Pyrazine concentration is higher in C.
canephora than in Coffea arabica L. coffee. Some studies suggest that in Coffea arabica
L. pyrazines can bring floral aroma notes (Sunarharum, Williams, & Smyth 2014).
Similar to ketones and aldehydes pyrazines have low threshold level and are used as
roasting quality markers. Some of the most important pyrazines are 2-ethyl-3,5-
dimethylpyrazine with hazelnut aroma notes and 2,3-dimethyl-5-ethylpyrazine with
cacao, nutty aroma notes (Piccino et al. 2014; Steen et al. 2017). With increasing roast
level pyrazine concentration increases and the associated aroma notes become unpleasant.
For example, 2-methylpyrazine and 2-ethyl-6-methylpyrazine associates overripe, harsh,
fermented aroma in dark roast level coffee (Parenti et al. 2014; Sunarharum, Williams, &
Smyth 2014).

Organic acids in coffee are formed during coffee fruit maturation and can be
maintained in higher concentration with natural post-harvesting method. The main
organic acids are malic, citric, and phosphoric. Malic acid aroma and flavour can be
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associated with apples, pears, while citric acid with lime and lemon and phosphoric acid
with grapefruit (Borém et al. 2016). Lactic acid and hexanoic acid have buttery, creamy
flavour, and provide pleasant acidity (Galli & Barbas 2004; Jham et al. 2007). Acidity for
organic acids have shown positive correlation with the final cup quality scores during
coffee sensory evaluation (Borém et al. 2016; Fassio et al. 2017). Organic acid content is
rapidly decreasing with increasing roast level (Ginz et al. 2000).

Suphur containing compounds in coffee are in minimal concentration, however
they have crucial role in aroma profile formation (Toledo et al. 2016). The sulphur
compounds transform during coffee roasting, for example methanethiol concentration
increases with the roasting process till the dark roast level, and then by the oxidation
process, it converts to dimethyl disulfide (Wei et al. 2017D).

In low concentration 2-furfurylthiol has been mentioned as the coffee freshness
indicator with aroma associated with pleasant roast, coffee like notes. While in dark roast
level 2-methyl-3-furanthiol and dimethyl disulphide are associated with sulphury/
cabbage aroma (Mayer, Czerny, & Grosch 1999; Cheong et al. 2013; Kim et al. 2018).

1.3. Gas chromatography-olfactometry importance in specialty coffee brew
studies / Gazu hromotaogrifijas-olfaktometrijas nozime specialty kafijas dzérienu
pétijumos

1.3.1. Solid-phase microextraction fibre analysis for coffee brew volatile
compound extraction / Cietas fazes mikroekstrakcijas Skiedru analize kafijas gaistoso
savienojumu ekstrakcijai

Volatile compounds extraction methods suitability can vary based on the analysing
product, volatiles, and technical parameters such as extraction time. Three methods have
been reported as the most suitable for coffee volatile compound extraction — simultaneous
distillation extraction (SDE), static headspace analysis (SHA), dynamic headspace
analysis (DHA) and solid-phase microextraction (SPME).

The advantages of the SPME method: it is a simple and fast volatile compound
extraction while providing high sensitivity and extraction rates. The disadvantage of
SPME is the ability to be effective only for freshly prepared samples, which means the
samples must be prepared right before extraction and cannot be stored. The SPME method
has been reported as the most common and reliable method for freshly brewed coffee
sample volatile compound extraction and analysis (Chen, Chiang, & Chung 2019).

Choosing the extraction technique is not the only crucial step for volatile extraction,
it is also important to select the most appropriate SPME fibre coating. Seven types of
SPME fibres have been reported commercially for volatile compound extraction —
polyacrylate (PA), polydimethylsiloxane (PDMS), polydimethylsiloxane/divinylbenzene
(PDMS/DVB), carbowax/ divinylbenzene (CW/DVB), carboxen/polydimethylsiloxane
(CAR/PDMS) and divinylbenzene/ carboxen/polydimethylsiloxane (DVB/CAR/PDMS)
(Risticevic, Carasek, & Pawliszyn 2008; Spietelun et al. 2010; Rubio et al. 2014).

Four of them have been reported as the most suitable for coffee volatile compound
extraction and analysis. The DVB/CAR/PDMS fibre is one of the most common choices
for coffee sample aroma profile analysis. For example, the DVB/CAR/PDMS fibre was
selected by Mestdagh et al. (2014) for analysing the kinetics of coffee aroma extraction
and could extract volatiles with different polarities. While, Lee, Kim, & Lee (2017) used
DVB/CAR/PDMS fibre for volatile compound profile analysis of coffee by reversed
grinding and roasting process. Roberts, Pollien, & Milo (2000) suggested the
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PDMS/DVB fibre for comprehensive coffee volatile compound extraction. The
CAR/PDMS fibre showed the best results for extracting the most common coffee volatile
chemical classes such as furans and ketones (Petisca et al. 2012; Kim et al. 2018).

The commercial coffees and specialty coffee aroma profiles can significantly differ
due to coffee production steps and roasting process. In previous literature main focus was
on commercial coffee, and limited research has been done about specialty coffee volatile
compound profile analysis and evaluation of SPME fibres suitability for volatile
extraction (Akiyama et al. 2007; Risticevic, Carasek, & Pawliszyn 2008; Ribeiro et al.
2012).

1.3.2. Gas chromatography-olfactometry vocabulary application for specialty
coffee brew aroma-active compound analysis / Gazu hromatogrifijas-
olfaktometrijas vardnicas pielietojums speciality kafijas dzérienu aromatveidojoso
savienojumu analizei

For quality purposes descriptive sensory studies are carried out, usually creating or
using lexicons for specific food product sensory attribute description (Lawless & Civille
2013). Meanwhile, gas chromatography-mass spectrometry (GC-MS) is one of the most
common and effective methods used for volatile compound detection in order to analyse
the aroma profile and possible off-flavours of food products (Ribeiro et al. 2009; Yang et
al. 2016). However, GC-MS cannot identify and describe the volatile compound aroma.
With gas chromatography-olfactometry (GC-O) method it is possible to identify aroma-
active compounds (Song & Liu 2018). GC-O lexicons and vocabularies have shown to
improve the food product sensory characteristic evaluation and understand the aroma
profile formation (Xia et al. 2015; Tang et al. 2019).

While coffee aroma and volatile compounds are studied in roasted and brewed
coffee samples separately, there are limited in-depth olfactory analysis of aroma-active
compounds and their changes during roasting and brewing process (LOpez-Galilea et al.
2006; Laukaleja & Koppel 2021). The limitations of previous GC-MS studies are that
analysed coffee volatile compounds are associated with other GC-O studies results or
completed coffee GC-O studies focus only specific roast or brew not the complex analysis
between roast levels. It is crucial to consider volatile compound concentration impact on
aroma perception. Both the volatile compound concentration and the chemical
composition of the food can affect the aroma active compound perception (Koppel,
Adhikari, & Di Donfrancesco 2013; Adhikari, Chambers, & Koppel 2019).

The most common methods used for GC-O studies are:

> the detection frequency method,;

» direct intensity method;

> combined hedonic aroma response measurement (CharmAnalysis™) method;

» aroma extract dilution analysis (AEDA).

Each method has different advantages. While CharmAnalysis™ and AEDA are
more focused on analysis of samples with high dilution, the detection frequency method
has shown repeatability and sensitivity between different concentrations (Van Ruth 2004;
Delahunty, Eyres, & Dufour 2006; Laukaleja & Koppel 2021).

Summary / Kopsavilkums

Specialty coffee stands for coffee with high-quality standards and guidelines to
highlight specific sensory characteristics of coffee with limited defects during production
stages. The specialty coffee market rapid growth in the past decade confirms consumer's
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interest in high-quality products. While volatile compounds are comprehensively
analysed in commercial coffee, limited research has been published about volatiles,
including aroma-active compounds, in specialty coffee. More in-depth gas
chromatography and olfactometry analysis about aroma-active compounds in different
roast level specialty coffee would provide insights about aroma perception changes
during the roasting process.

With increased coffee consumption coffee consumers are not only interested in the
quality of coffee but also the possible health effects. Studies have proven that moderate
coffee consumption is associated with a reduced risk of cardiovascular and neurological
diseases. Additionally, coffee could be one of the main polyphenol sources in Eastern
European individual diets.

The roasting process is the main production step that impacts the chemical
composition of the coffee including both bioactive compound content and volatile
compound profile. There are limited studies carried out about complex volatile and
bioactive compound analysis in different roast level coffee.

For the adjusted roast level to be practically applied in the specialty coffee market,
it is necessary to analyse consumer perception about specialty coffee and consumer
purchase intent, if information about potentially increased bioactive compound content
was provided. The aim of the research was to evaluate the impact of the roast level on the
composition of biologically active compounds and sensory quality in specialty coffee.

Specialty kafijas apzimé kafiju ar augstiem kvalitates standartiem un vadlinijam,
lai izceltu noteiktas sensords ipaSibas kafija un mazindtu defektu attistibu raZosanas
posmos. Specialty kafijas tirgus strauja izaugsme pédéja desmitgadé apstiprina
patérétaju interesi péc augstas kvalitates produktiem. Kamér plasi tiek analizéti gaistoSie
savienojumi komercidalas kafijas, ir limitéts petijjumu skaits par gaistoSo un
aromatveidojoso savienojumu profilu specialty kafija. Padzilinati gazu hromatografijas
un olfaktometrijas pétijumi par aromatveidojosiem savienojumiem dazada grauzdéjuma
pakdpes specialty kafija sniegtu informaciju par grauzdeésanas procesa ietekmi uz
aromatu uztveres izmainam.

Lidz ar palielinatu kafijas patérinu kafijas paterétaji ne tikai intereséjas par kafijas
kvalitati, bet ari par tas ietekmi uz veselibu. Petijumi apliecina, ka merens kafijas patérins
var samazindat Sirds un asinsvadu un neirologisko slimibu riskus. Kafija var biit, ka viens
no galvenajiem polifenolu avotiem austrumeiropiesu iedzivotdju uztura.

Grauzdeésanas process ir viens no galvenajiem raZoSanas posmiem, kas ietekmé
kafijas kimisko sastavu, ieskaitot biologiski aktivo savienojumu saturu un gaistoso
savienojumu profilu. Kompleksa gaistoso un biologiski aktivo savienojumu analize
dazada grauzdéjuma pakapes kafijas nav plasi pétita.

Lai nodrosinatu pieldgotu grauzdésanas pakapju praktisku pielietojumu specialty
kafijas tirgn, bitiski ir analizét patérétaju uztveri par specialty kafiju un vélmi iegaddaties
produktu, ja tiktu sniegta informacija par potenciali palielinatu biologiski aktivo
savienojumu saturu kafija. Darba merkis ir izveértét grauzdésanas procesu pakapes
ietekmi uz biologiski aktivo savienojumu sastavu un sensoro kvalitati specialty kafija.
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2. MATERIALS AND METHODS /| MATERIALI UN METODES

2.1. Time and location of the research / Petijuma laiks un vieta

Experimental work was conducted in the period from 2017 to 2022 in the following
scientific laboratories.
1. Latvia University of Life Sciences and Technologies:
» total and individual phenolic, flavonoid compound analysis;
> radical scavenging activity analysis;
» moisture content and pH evaluation;
» volatile compound analysis.
2. Center for Sensory Analysis and Consumer Behavior, Kansas State University (USA):
» coffee sample roasting;
> initial olfactometry vocabulary development;
» consumer analysis.
3. J.S. Hamilton Baltic Ltd. Laboratory (outsource): acrylamide concentration, amino acid,
and fatty acid profile detection.

2.2. Description of used materials / Materialu raksturojums

Green and roasted Coffea arabica L. beans were purchased from local specialty coffee
roasteries or roasted at the site. By SCA standards and protocols, all coffee samples were
qualified as specialty coffee with >80 points. The roasting parameters and sample preparation
steps are presented in each research stage.

2.3. The structure of the research / Pétjjuma struktiira

The research work consists of 5 stages (Table 2.1).

Table 2.1/ 2.1. tabula
Description of the research stages / Pétijuma posmu raksturojums

Stage / Posms Description / Raksturojums
Stage | / Evalu_ation of headspace sqlid—_pha_se micr_oextraction With different.fibr.es for
I posms volatile compound determination in specialty coffee / Gaisto$o savienojumu
analize, izmantojot Cetras dazadas cietas fazes mikroekstrakcijas skiedras
Stage 11 / Influen_ce of phenolic and volatile compound compaosition on specialty coffee
11 posms cup quality / Fenolu un gaistoso savienojumu satura ietekme uz specialty kafijas
sensoro kvalitati
The impact of the roasting process on chemical composition and sensory profile
Stage 111/ . ! . . _ - .
111 posms in specialty coffee / Grauzdésanas procesa ietekme uz kimisko sastavu specialty
kafija
Aroma-active compound perception in different roast and brew coffee by gas
Stage IV / chromatography-olfactometry / Dazadi grauzdetas un pagatavotas kafijas
IV posms aromatveidojoso savienojumu uztveres izvértejums, izmantojot gazu
hromatografiju olfaktometriju
Consumer's perception of specialty coffee with potentially increased bioactive
Stage V / o . o - -
V posms compoq r_1d conf[ent _/.Pat.er.etczju se&so;rqzs .n0v€rte]um.s pallﬂ dazada gmuz_def].uma
kafijam ar iespéjami lieldku biologiski aktivo savienojumu koncentraciju
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2.4. Stage | of the research / I petijuma posms

In Stage | the volatile compound composition of specialty coffee was evaluated using
different SPME fibres. Selecting the most appropriate fibre for coffee brews volatile and aroma-
active compound detection could improve the volatile compound profile analysis and further
application in coffee sensory assessmentor coffee quality standard development.

2.4.1. Coffee samples for stage | / I petijuma posma kafijas paraugi

Five roasted coffee bean (Coffea arabica L.) samples were purchased from two different
roasteries in Latvia. Table 2.2 shows the main characteristics of the coffee samples. The roast
settings were adjusted to fit the light-medium roast level regarding the used roasting machine.
All coffees were rated as specialty coffees (total cup quality score was 80 points or above)
(Silveira et al. 2016; Laukaleja & Kruma 2019b; Pereira et al. 2019).

Table 2.2/ 2.2. tabula
Coffee samples for stage | description / I petijuma posma kafijas paraugu raksturojums

Sample code / Origin / Roast se'E'Elngs / Roaster /
Grauzdeésanas _ -
Parauga kods Izcelsmes valsts . Grauzdesanas iekarta
parametri
H 1* Honduras / Hondurasa
K1 Kenya / Kenija 193 °C; 11 min Besca BSC-01, Turkey
Cl1 Columbia / Kolumbija
E 1 Ethiopia / Etiopija om. . Loring Smart Roast
H_2* Honduras / Hondurasa 205 °C; 11 min Kestrel 35, USA

*For H_l_sample coffee was processed using natural post-harvest method, H_2 sample coffee was processed using
anaerobic post-harvest method / H_I paraugam tika izmantota dabiga (sausa) parstrades metode, H 2 paraugam
tika izmantota anaeroba parstrades metode

Coffee brew preparation. The coffee samples were ground in a coffee grinder
(DeLonghi KG79, Italy) at a coarse grind level 20 minutes before the brewing process. French
press (Bodum, Switzerland) brewing technique was used according to the Specialty Coffee
Association (SCA)’. Samples were brewed in duplicate.

2.4.2. Description of the materials and methods of analysis used in the stage | /
I pétijuma posmda izmantoto meterialu un analiZu metoZu raksturojums

Headspace volatile compound extraction was carried out by solid-phase micro-
extraction (SPME). Four different solid-phase microextraction fibres were purchased from
Supelco (Bellefonte, USA):

» carboxen/polydimethylsiloxane (CAR/PDMS);

» divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMA);

» polyacrylate (PA);

» polydimethylsiloxane/divinylbenzene (PDMS/DVB).

After sample brewing, five mL of sample were immediately transferred in preheated
20 mL glass vial and immediately caped with screw-cap vial equipped with a
polytetrafluoroethylene/silicone septum. The vial was transferred to a 50 +1°C heated surface
for four minutes of incubation. After the incubation period, the fibre was inserted into the
sample headspace for seven min volatile compound absorption.

The parameters for gas chromatography method with adjustments were chosen
according to Gloess et al. (2013) and Steen et al. (2017). A Clarus 500 gas chromatograph

7 Specialty Coffee Association (2016). Guidelines for Brewing with French Press [online] [viewed on 20. January
2022] Retrieved from https://sca.coffee/s/best-practices-three-cup-french-press.pdf
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(Perkin Elmer, USA) was used. The GC injection port was heated up to 250 °C, the compounds
were desorbed in 15 minutes and further separated in Elite-Waw ETR column
(60 mx 0.25 mm internal diameter; DF 0.25 column). The oven starts temperature was 40 °C,
at which volatiles was held for 7 minutes. Then the initial temperature was programmed from
40 to 160 °C at a speed of 6 °C min™, at which column was held for 10 minutes. The further
temperature was set from 160 to 210°C at a speed of 10 °C min%, at which column was held
for 15 minutes. Helium was used as the carrier gas with the column initial flow rate of
1 mL min?. The outlet split ratio was set to 1:2. The compounds were scanned between
40 and 300 mass to charge ratios. The GC transfer line to the mass spectrometer was
programmed at 260 °C. The compounds were identified using the mass spectral database
Nist98. GC peak area means for each compound was given as a quantitative measure (Laukaleja
& Kruma 2019b).

2.4.3. Statistical analysis for stage | of research / I pétijuma posma datu statistiska analize

To compare differences between extraction rates received by different SPME fibres,
analysis of variance (ANOVA) was used, and significant differences were stated if p<0.05. All
samples were analysed in triplicate. The volatile compound peak areas were expressed as means
with standard deviations (SD). Data analyses were performed using XLSTAT software (vs.
2020.2.3.65347, XLSTAT, New York, NY, USA).

2.5. Stage 11 of the research / II petijuma posms

Stage Il evaluated the influence of phenolic and volatile compound composition on
specialty coffee cup quality. The volatile and phenolic compound analysis could help determine
if coffee can have good cup quality without losing health beneficial phenolic compounds.

2.5.1. Coffee samples for stage 11 / 1l petijuma posma Kafijas paraugi
Seven roasted coffee bean (Coffea arabica L.) samples were purchased from two different
roasteries in Latvia. Table 2.3. shows the main characteristics of the coffee samples.

Table 2.3/ 2.3. tabula
Coffee samples of stage Il description / II petijuma posma kafijas paraugu raksturojums

Sample code / Origin / lzcelsmes Roast se'E'Elngs / Roast_evr/
Grauzdeésanas Grauzdeéesanas
Parauga kods valsts . .
parametri iekarta
% s
H 1 Honduras / Hont_{urasa I|ght medm_rp/ Besca BSC-0L,
K1 Kenya / Kenija viegli/videji Turke
C1 Columbia / Kolumbija (193 °C; 11 min) y
H 2* Honduras / Hondurasa liaht-medium /
E 1 Ethiopia / Etiopija ?}ie lifvidaii Loring Smart Roast
H 3* Honduras / Hondurasa (205 ;gc_ 11 rJnin) Kestrel35, USA
E 2 El Salvador / Salvadora '

* For H_1 sample coffee was processed using natural post-harvest method, H_2 sample coffee was processed
using anaerobic post-harvest method, H_3 — wet post-harvest method / H 1 paraugam tika izmantota dabiga
(sausa) parstrades metode, H 2 paraugam tika izmantota anaerobd parstrades metode un H 3 — mazgata
parstrades metode

The roast settings were adjusted to fit the light-medium roast level regarding the used
roasting machine.

Sample preparation for chemical analysis: The coffee samples brewing process is
described at Stage | in 2.4.2. chapter. For total phenolic and flavonoid content and DPPH and
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ABTS radical scavenging activity analysis, samples were diluted in ratio 1:33 with distilled

water. Samples were brewed in triplicate.

Sample preparation for sensory analysis: Six trained coffee specialists prepared and
evaluated coffee samples according to the SCA cupping protocol (SCA 2015). Samples were

brewed in quintuplicate.

2.5.2. Materials and chemicals for stage 11 / Il pétijuma posma materiali un reagenti

The divinylbenzene/carboxen/poly (dimethylsiloxane) (DVB/CAR/PDMS) fibre was
used for volatile compounds extraction by solid-phase microextraction (SPME).

The following chemicals were purchased from Sigma-Aldrich Chemie (Steinheim,

Germany):

» ABTS'+ (2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid));
» AICI3H1206 (aluminium chloride hexahydrate);

C15H1406 ((+)-catechin);
C7He0Os (gallic acid);

Folin-Ciocalteu reagent;
K2S.0g (potassium persulfate);
KCI (potassium chloride);

Na>COs3 (sodium carbonate);
Na;HPO4 (disodium phosphate);
NaCl (sodium chloride);

NaNO: (sodium nitrite);

NaOH (sodium hydroxide);

VVVVVVVVVVYVYY

DPPH ° (2,2-diphenyl-1-picrylhydrazyl);

KH,PO4 (potassium dihydrogen phosphate);

» Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid).

2.5.3. Methods of sample analysis in stage 11/
Il petijuma posma paraugu analizésSanas metodes

Table 2.4 illustrates a summary of the applied methods for each parameter in research
Stage Il. Metadologies will be briefly described further in this chapter.

Table 2.4/ 2.4. tabula

Applied methods in stage Il of the research / II pétijuma posma pielietotis metodes

Parameters / Parameteri

Standards and methods /
Standarti un metodes

Total phenolic content / Kopejais fenolu saturs

Zhishen, Mengcheng, & Jianming (1999)

Total flavonoid content /
Kopéjais flavonoidu saturs

Zhishen, Mengcheng, & Jianming (1999)

ABTS + radical scavenging activity /
ABTS + antiradikala aktivitate

Re et al. (1999)

DPPH' radical scavenging activity /
DPPH’ antiradikala aktivitate

Brand-Willieams, Cuvelier, & Berset (1995)

Volatile compounds / GaistoSie savienojumi

Gas chromatography method (GC) /
Gazes hromatogrdfijas metode

Cup quality assessment /
Kafijas kvalitates novertejums

Specialty coffee cupping protocol /
Specialty kafijas kvalitates novértésanas protokols

(SCA 2015)

Headspace volatile compound extraction was carried out by solid-phase micro-
extraction (SPME). After sample brewing, 5 mL of sample were immediately transferred in
preheated 20 mL glass vial and immediately caped with screw-cap vial equipped with a
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polytetrafluoroethylene/silicone septum. The vial was transferred to a 50+1 °C heated surface
for four minutes of incubation. After the incubation period, DVB/CAR/PDMS fibre was
inserted into the sample headspace for 7 minutes volatile absorption.

The gas chromatography methods parameters with adjustments are described in
chapter 2.4.2.

Cup quality assessment was performed according to the SCA protocols for cupping
specialty coffee. The coffee evaluation process was divided into three steps shown in Table 2.5.

Table 2.5/ 2.5. tabula
Cup quality assessment process / Kafijas kvalitates novertesanas process

Step No /
Posma Nr.

Step / Posms Eveluation conditions / Vertesanas nosacijumi

Evaluating the aroma of dry
1 ground samples / Maltas
kafijas aromata vertésana

15 minutes after the coffee samples were ground /
15 minites péc kafijas pupinu samalSanas

brew temperature 93 °C, evaluate 3 minutes after
extraction of coffee /
dzeriena temperatiira 93 °C, novertets 3 miniites péc
kafijas ekstrakcijas
flavour, aftertaste evaluated when the brew
temperature is 71 °C (~8 min after extraction);
acidity, body and balance are evaluated when the brew
Evaluation of coffee flavour | temperature is between 70 and 60 °C (~10 min after
| Kafijas garsas vértésana extraction) / garsa, pécgarsa noverteta, kad dzéeriena
temperatiira ir 71 °C (~8 min péc ekstrakcijas);
skabums, balanss novertéts, kad dzériena temperatira
ir starp 70 and 60 °C (~10 min péc ekstrakcijas)

Evaluating the aroma of
2 coffee / Kafijas aromata
vertesana

Coffee quality was measured by ten specialty cup quality attributes: cup cleanness,
acidity, body, flavour, aroma, after taste, uniformity, sweetness, balance, and overall cup
preference. The panellists also described a specific flavour, aroma perceived according to The
World Coffee Research Sensory Lexicon® statements. Each attribute was evaluated on a scale
from 1 to 10, with the final cup quality score of 100 points. The specialty coffee grade only
applies if the total specialty cup quality score is 80 points or above (Figueiredo et al. 2013;
Tolessa et al. 2016; Bressanello et al. 2017).

Total phenolic content (TPC) was determined by a spectrophotometric method using
Folin-Ciocalteu reagent by Singleton, Orthofer, & Lamuela-Raventos (1999) using gallic acid
as a standard. A 2.5 mL of Folin-Ciocalteu reagent (Sigma-Aldrich Chemie, Steinheim,
Germany) (diluted in proportion 1:10 with distilled water) was added to 0.5 mL diluted coffee.
After 5 minutes, 2.0 mL of 7.5% Na>COs solution was added. After 30 minutes of incubation
at room temperature, the absorbance of samples was measured at 765 nm using a
Spectrophotometer Jenway 6300 (Barloworld Scientific Ltd., UK). TPC was expressed as gallic
acid equivalents (mg GAE 100 mL ) using a standard curve of gallic acid (y = 0.1069x—0.0107;
R?=0.9991).

Total flavonoid content (TF) was determined by the spectrophotometric method
reported by Zhishen, Mengcheng, & Jianming (1999) with some modifications. To 2.0 mL of
distilled water and 0.5 mL diluted coffee extract was added 0.15 mL 5% NaNO- solution. After
5 minutes, 0.15 mL of 10% AICIz*sH20 solution was added. After 5 minutes, 1.0 mL of 1M
NaOH solution was added. Each coffee sample flask was mixed and incubated at room
temperature for 15 minutes. The absorbance of samples was measured at 415 nm with a

8WCR, (2017) World Coffee Research Sensory Lexicon [online] [viewed on 9. March 2022] Retrieved from
https://worldcoffeeresearch.org/download/5806d8c7-cd7c-4882-a81a-2850bd6fbd36
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Spectrophotometer Jenway 6300 (Barloworld Scientific Ltd., UK). Total flavonoid content was
expressed as catechin equivalent (mg CE 100 mL) using standard curve of catechin
(y = 2.7592x+0.0244; R? = 0.9982).

ABTS™* radical scavenging activity was determined by the Re et al. (1999) method with
some modifications. To prepare ABTS radical, 2,2-azinobis(3-ethylbenzothiazoline- 6-sulfonic
acid was dissolved in phosphate buffer (PBS) solution and oxidised with potassium persulfate.
The solution was kept in the dark at room temperature for 16 h before further use. The ABTS™"
solution was diluted with PBS solution to an absorbance of 0.70 ABS (£ 0.02) at 734 nm. To
0.05 mL of diluted coffee extract, 5 mL of diluted ABTS"" solution was added. The samples
were stored in darkness for 12 h; the absorbance was measured at 734 nm using a
Spectrophotometer (Jenway 6300). The Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid) was used as standard and the results were expressed as Trolox equivalents
(umol Trolox mL™), using standard curve of Trolox (y = —0.9755x + 0.7604; R? = 0.9948).

DPPH' radical scavenging activity was assessed by Brand-Willieams, Cuvelier, &
Berset (1995) with some modifications. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) was
dissolved in ethanol, and the DPPH ~ solution was diluted to an absorbance of 1.00 ABS
(£0.02) at 517 nm. To 0.5 mL of diluted coffee extract (diluted in proportion 1:33 with distilled
water), 3.5 mL of diluted DPPH "~ solution was added. After 30 minutes of incubation in
darkness, the absorbance of samples was measured at 517 nm using a Spectrophotometer
Jenway 6300 (Barloworld Scientific Ltd., UK). Trolox (6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid) (Sigma-Aldrich Chemie, Steinheim, Germany) was
used as standard, and the DPPH radical scavenging activity was expressed as Trolox equivalent
(umol Trolox mL™), using a standard curve of Trolox (y = —11.579x + 0.8931; R? = 0.9985).

2.5.4. Statistical analysis for stage 11 of research /
11 petijuma posma datu statistiska analize

To evaluate the differences between total phenolic, flavonoid content, antiradical activity
and final cup quality scores, one-way ANOVA was used. The sensory assessment was carried
out in five replicates, and all chemical analysis measures were carried out in triplicate. The data
were expressed as means. Statistical analysis was performed using Microsoft Office Excel
2013. A linear correlation analysis was performed to determine the relationship between TPC,
TF, antioxidant activity such as DPPH "and ABTS +, volatile compounds and final cup quality
score.

2.6. Stage 111 of the research / III pétgjuma posms

In Stage 111, the chemical composition of different roast level coffee was evaluated. The
results can provide positive and negative bioactive compound changes in different roast level
coffee.

2.6.1. Coffee samples for stage 111/ 111 pétijuma posma Kafijas paraugi

The roasting parameters are described in Table 2.6. (the batch size — 2.2 kg). The coffee
qualifies as a specialty with 89.0 points. Green Coffea arabica L. coffee beans from Colombia
were roasted in a local roastery in Latvia at three different roast levels using a Diedrich IR-2.5
roasters (Diedrich Roasters, Ponderay, 1D, USA). Roasting parameters were adjusted according
to green coffee bean density and moisture content and the roaster parameters.

For one week, the roasted coffee beans were degassed in a dry, cool place and then sealed
in vacuum bags. All roasted samples were analysed within two to three weeks after roasting.
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Table 2.6 / 2.6. tabula
Roasting parameters for research stage 111/ III p&tijuma posma grauzdésanas parametri

Parameters / Parametri Roast level / Grauzdéjuma pakape
Light/ Viegls | Medium/ Videjs | Dark/ Tumss
Roast temperature /
Grauzdeésanas temperatira, °C 195 200 210
Roast time / Grauzdesanas laiks, min 10 11 12
Colour parameters / Krasas L* 37.01 +£0.02 33.94 +0.03 27.67 +0.02
parametri* a* 49+0.04 8.57 £0.05 5.4 +0.05
b* 5.05+0.01 6.16 £ 0.01 4.04 £0.01

*Colour was measured in CIE L*a*b* colour system using colorimeter (ColorTec-PCM, USA) / Krasas merijumi
tika noteikti izmantojot CIE L*a*b* krdasu sistému.

Table 2.7 illustrates the coffee sample preparation for each physical and chemical
parameter analysis. Samples were immediately analysed after preparation. All brewed coffee
samples were prepared and analysed in triplicate.

Table 2.7/ 2.7. tabula
Coffee sample preparation for each parameter analyses /
Kafijas paraugu sagatavosana katra parametra analizei

Parameters / Parametri Coffee sample preparation / Kafijas paraugu pagatavoSana

Proteinogenic amino acids, fatty
acids profile, acrylamide /
Proteinogends aminoskabes,
taukskabju profils, akrilamids
Moisture content

roasted coffee beans sealed in 200 g vacuumed bags /
Qrauzdetas kafijas pupinas iesainotas 200 g vakuuma maisos

Volatile compound profile / roasted coffee beans ground* to a fine grind size / grauzdétas
Mitruma saturs, kafijas pupinas, kas samaltas* lidz smalkam malumam
GaistoSo savienojumu profils
oH roasted coffee beans ground™* to a coarse grind level 20

minutes before the brewing process. the french press brewing
technique was used according to the specialty coffee
association guidelines / grauzdétas kafijas pupinas, kas
samaltas* lidz rupjai maluma pakapei 20 miniites pirms
pagatavosanas procesa. Tika izmantota Francu preses
britvesanas tehnika tika izmantota saskana ar specialty
coffee association vadlinijam °
* KG79 Coffee grinder (DeLonghi, Italy) / KG79 kafijas dzirnavinas (DeLonghi, Italy)

Total phenolic content,
Total flavonoid content,
Individual phenolic content / pH
Kopeéjais fenola saturs,
Kopéjais flavonoidu saturs,
Atsevisks fenola saturs

2.6.2. Materials and chemicals for stage 111/
11 petijuma posma materiali un kimiskas vielas

For volatile compounds extraction by solid—phase microextraction (SPME), the carboxen/
polydimethylsiloxane (CAR/PDMS) fibre was purchased from Supelco (Bellefonte, USA). The
following chemicals were purchased from Sigma—Aldrich Chemie (Steinheim, Germany):

» Folin—Ciocalteu reagent;

» sodium carbonate;

» gallic acid;

® Specialty Coffee Association (2016). Guidelines for Brewing with French Press, viewed January 4th, 2022
https://sca.coffee/s/best-practices-three-cup-french-press.pdf
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» (+)-catechin;

» sodium nitrate;

» aluminium chloride hexahydrate;
» sodium hydroxide.

2.6.3. Methods of sample analysis in stage 111/
11 péfijuma posma Paraugu analizéeSanas metodes

The summary of applied methods for each parameter is illustrated in Table 2.8. Roasted
coffee bean samples, for the analysis of proteinogenic amino acids, fatty acid profile,
acrylamide content, were shipped to Hamilton laboratory (outsource service).

The moisture content was determined by ISO 6673:2003 standard for green coffee and
I1SO 11294:1994 for roasted coffee. The pH was analysed after cooling the coffee brew to room
temperature (£18 °C) and measuring the pH with a "Jenway™ 351101” pH meter (Jenway™,
UK).

Table 2.8/ 2.8. tabula
Applied methods in stage 111 of research / II] petijuma posma pielietotas metodes

Applied methods /
Pielietotas metodes

1ISO 6673:2003 (green coffee)
1ISO 11294:1994 (roasted coffee)

Parameters / Parametri Laboratory / Laboratorija

Moisture in green and roasted
coffee / Mitrums zald un
grauzdeta kafija %

Total phenolic content / Singleton, Orthofer, & Lamuela- | At the scientific laboratory,
Kopéjais fenolu saturs Raventds (1999) Latvia University of Life
Total flavonoid content / Zhishen, Mengcheng, & Jianming | Science and Technologies /
Kopejais flavonoidu saturs (1999) Latvijas Lauksaimniecibas
Individual phenolics / Liquid chromatography method universitates zindtniskajas
Atseviskie fenolu savienojumi (HPLC) / Augstefektivo Skidruma laboratorijas
’ hromatografijas metode (AESH)
Volatile compounds / Gas chromatography method (GC)/
Gaistosie savienojumi Gazes hromatografijas metode (GH)

Proteinogenic amino acids /

Lo . - PB-53/HPLC ed. Il of 30.12.2008
Proteinogénds aminoskabes

PN-EN I1SO 12966-1:2015-01, PN- J.S. Hamilton Baltic Ltd.

Fatty acids profile / EN ISO 12966-2:2017-05 Laboratory / J.S. Hamilton
Taukskabju profils except p.5.3 and 5.5, PN-EN ISO Baltic Ltd. laboratorija
12966-4:2015-07
Acrylamide / Akrilamids PB-39/GC ed. IV of 12.01.2018

Methods used for total phenolic content (TPC) and total flavonoid content (TF) analysis
are described in chapter 2.5.3.

Analysis of individual phenolic compounds was conducted using the high-performance
liquid chromatography (HPLC) method described by Augspole et al. (2018). The HPLC
analysis was performed using an "LC-20 Prominence" chromatograph (Shimadzu USA
Manufacturing Inc., USA) with a "Perkin Elmer C18" column (4.6 mm, 250 mm, 5 um). Diode
array detector gradient system (PDA-SPD-M10A) and the column was maintained at 30 °C.
The mobile phase consisted of methanol (A, 20%), water (B, 78.4%) and acetic acid (C, 1.6%).
The starting flow rate was 1 mL min™. The retention times of samples were compared with
standards to determine the individual phenolic compounds in coffee samples.

Headspace volatile compound extraction was carried out by solid-phase micro-
extraction (SPME). After sample brewing, five grams of sample was immediately transferred
in preheated 20 mL glass vial and immediately caped with screw-cap vial equipped with a
polytetrafluoroethylene/silicone septum. The vial was transferred to a 50+1 °C heated surface
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for four minutes of incubation. After the incubation period, carboxen/ polydimethylsiloxane
(CAR/PDMYS) fibre was inserted into the sample headspace for 7 minutes of absorption time.
The gas chromatography method is described in chapter 2.5.3.

2.6.4. Statistical analysis for stage 111 of research /
111 petijuma posma datu statistiska analize

One-way ANOVA was conducted to determine significant differences between coffee
samples and chemical parameters. The data were expressed as means reported as means with
standard deviation (SD). Principal Components Analysis (PCA) and correlation biplot PCA
was chosen to analyse possible variable patterns. The data statistical analyses were performed
using XLSTAT software (vs. 2020.2.3.65347, XLSTAT, New York, NY, USA).

2.7. Stage 1V of research / IV pétijuma posms

In this stage 1V, aroma-active compound perception in different roast and brew coffee
was evaluated and gas chromatography-olfactometry vocabulary was developed.

2.7.1. Coffee samples for stage IV / IV pétijuma posma kafijas paraugi

Green Coffea arabica L. beans from Colombia was used in this study. The post-harvesting
method used was natural. The coffee qualifies as a specialty with 86.75-87.25 points following
Specialty Coffee Association (SCA) standards and protocols.

The green coffee beans were sealed into 2.2 kg vacuum bags. The frozen green coffee
beans were stored in a freezer at —18 °C and returned to room temperature (20+2 °C) 2 hours
before roasting.

Roasting process. Green coffee beans were roasted two weeks before the start of the
instrumental evaluation using a Diedrich IR- 2.5 roasters (Diedrich Roasters, Ponderay, 1D,
USA) (Table 2.9). Three roast levels were selected (light, medium, dark), and the roasting
parameters were adjusted according to the green coffee bean density and moisture content and
the roaster parameters.

Table 2.9/ 2.9. tabula
Roasting parameters for stage 1\Vof research /
1V petijuma posma grauzdésanas parametric (Laukaleja & Koppel 2021)

Parameters / Parametri Roast level / Grauzdesanas pakape
Light /Viegls Medium / Videjs Dark / Tumss
Roast Temperature /

Grauzdesanas temperatiira, °C 205 210 215

Roast Time / an;cizrb]tzdesanas laiks, 1 19 13
Colour values / L* 40.01£0.02 31.94+0.03 29.67+0.06
Krasas parametri* a* 4.99+0.04 4.07£0.05 3.90+0.02
b* 15.05+0.01 9.11+0.04 8.16+0.01

* Colour was measured in CIE L*a*b* colour system using colorimeter measured with (ColorTec-PCM, USA) /
Krasas merijumi tika noteikti izmantojot CIE L*a*b* krasu sistemu.

The samples were cooled to room temperature (18°C) and were degassed in a dry, cool
place for one week, and then sealed in vacuum bags. All roasted samples were analysed within
two weeks after roasting.

Grinding and brewing process. The roasted coffee samples were ground 20 minutes
before brewing, using a Baratza Forte Brew Grinder (Baratza LLC, Bellevue, WA, USA). The
grind level was adjusted according to the manufacturer instructions both brewing
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methods®. The coffee samples were brewed fallowing SCA Brewing Best Practices guidelines
for French press coffee and automatic drip coffee!! with adjustments from Laukaleja & Koppel
(2021). Before instrumental analysis, all brewed coffee samples were poured into a preheated
beaker, maintaining a temperature of 70 °C. Samples were prepared in duplicate for each
panellist.

2.7.2. Headspace solid-phase microextraction (HS-SPME) gas chromatography-
olfactometry (GC-O) method for research stage 1V / |V pétijuma posma cietdas fazes
mikroekstrakcijas (CFME) gazu hromatografijas-olfaktometrijas (GH-O) metode

Headspace volatile compound extraction was carried out by solid-phase
microextraction (HS-SPME) with divinylbenzene/ carboxen/ poly(dimethylsiloxane)
(DVB/CAR/PDMS) fibre (50/30 um thickness and 1 cm coating phase). The DVB/CAR/PDMS
fibre has been recommended as one of the most efficient and effective fibres for volatile
compound extraction from brewed coffee (Lopez-Galilea et al. 2006; Laukaleja & Kruma
2019Db). The fibre was conditioned at 150 °C for 5 min before and after each run. After brewing,
2.5 mL of sample was immediately transferred in preheated 10 mL screw-cap vial with a
polytetrafluoroethylene/silicone septum. The vials with sample were incubated for 2 min at 70
°C at 250 rpm using the autosampler. The SPME fibre was inserted into the vial and exposed
to the sample head space for 7 min at 70 °C for volatiles extraction. The fibre was removed
from the vial and the analytes were desorbed from the SPME fibre to the injection port of gas
chromatography for 2 minutes at 240 °C in splitless mode.

The parameters for gas chromatography-olfactometry with adjustments were chosen
according to Koppel, Adhikari, & Di Donfrancesco (2013) and Laukaleja & Koppel (2021).
The chromatographic analyses were performed with Shimadzu GCMS-QP2020 gas
chromatograph-mass spectrometer (Shimadzu Corporation, Kyoto, Japan) equipped with an
SH-Rxi-5Sil MS column (30.0 m long, 0.25 um thickness, 0.25 mm diameter) (Restek, State
College, PA, USA). The initial temperature of the column was 60 °C and was ramped to
120 °C with a 7 °C min™ rate, and from 120 to 250 °C with an 11 °C min* rate. Helium gas
was used as a carrier. Mass spectrometry was performed using electron-impact ionisation at
70 eV (200 °C). The 18.39 min run time was recorded in full scan mode (35-350 m/z mass
range). The volatile compounds were resolute from an average of six replicate chromatograms,
calculated and expressed as the area percentage of their abundance (total area %). The volatiles
were identified based on a) NIST library (vs2.2, 2014), b) Kovats Indices were calculated based
on hydrocarbon mixture (C7-C30 saturated alkanes, Supelco, Bellafonte, PA, USA) retention
times and compared to values in the literature and c) several volatiles were confirmed against
pure standards (2-methyl propanol, hexanal, nonanal, 2-furan methanol acetate, furfural,
6-methyl-5-heptane-2-one, methyl pyrazine, pyridine, linalool). These compounds were
acquired from Sigma Aldrich (St. Louis, MO, USA). GC effluent was combined with a stream
of humidified olfactometer air (7 L min, 1 cm in diameter) and presented to the panellists
through a glass nosepiece using a Shimadzu Sniffport (Shimadzu Corporation, Kyoto, Japan).

2.7.3. Olfactometry vocabulary development for research stage 1V /
IV pétijuma posma olfaktometrijas vardnicas izveide

Three panellists from the Center for Sensory Analysis and Consumer Behavior
(Manhattan, KS, USA) were screened for smell sensitivity and could recognise common
volatile compound odours using an aroma palette with 19 common coffee aroma attributes from
previous GC-O studies (Deibler, Acree, & Lavin 1998; Lopez-Galilea et al. 2006; Chin, Eyres,
& Marriott 2011). Two orientation sessions with randomly selected coffee samples were

10 Baratza (2017). Grinding Tips, viewed June 10th, 2021 https://baratza.com/grinding-tips/
11 Specialty Coffee Association (2016). Brewing Best Practices [online] [viewed on 20. January 2022] Retrieved
from https://sca.coffee/research/protocols-best-practices
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completed before sample evaluation. The nasal impact frequency method (NIF) was selected
as one of the most efficient and rapid method for volatile compound odour detection (Brattoli
et al. 2013; Lawless & Civille 2013). For the first orientation, each panellist evaluated three
randomised, coded samples of different roast and brew coffee. After the first orientation session,
panellists were introduced to reference materials for the most common aroma attributes detected
in the session by all panellists. The panellists calibrated themselves and analysed the suitability
of each reference materials. From the calibration The initial vocabulary was developed with 17
attributes (berry, burnt, caramelised, floral, grainy, nutty, roasted, sharp, smoky, spice, sweet,
toast, plastic, bread, green/floral, cotton candy, wine). The aroma palette in software program
(Olfactory Voicegram V2.2.17 Voice recorder, Shimadzu Corporation, Kyoto, Japan) was
adjusted according to the initial vocabulary. In the second orientation session, the panellists had
a chance to calibrate themselves with adjusted reference materials and an aroma attribute list.
GC-O data was analysed, the aroma palette was aligned with the final 23 aroma attributes, and
the reference material list was finalised after the second session (Table 2.10).

Table 2.10/ 2.10. tabula

Attribute list, reference materials, and preparation of references /
Aromatu referencu materialu saraksts ar pagatavosanas noradem

No / Aroma Reference /
NI * Attribute / References Preparation / Pagatvosana ***
' Aromati materials**
Boiled potato / 100,000 ppm in propylene glycol, one drop placed on a
1 Vdfl_m methionyl acetate / strip in a sealed tube / 100 000 ppm propilénglikola no
k metionilacetats kura vienu pilienu uzpilina uz sloksnes un ievieto noslegta
artupelu o
megené
10,000 ppm in propylene glycol, three drops placed on a
2 Berry / damascene / strip in a sealed tube / 10 000 ppm propilenglikola no kura
Ogu damaskons tris pilienus uzpilina uz sloksnes un ievieto noslegta
mégene
Burnt / benzyl disulfide / },000 ppm in propylene glycol, one drqp p!aced ona _strlp
3 o in a sealed tube / 1000 ppm propilénglikola no kura vienu
Deguma benzildisulfids o ., . o
pilienu uzpilina uz sloksnes un ievieto noslégta mégené
Buttery / Land O’Lakes Serve 4, 1/2 inch cubes in a medium snifter with a watch
4 tery Unsalted butter / glass / cetrus Y2 collu kubinus novietot vidéja izméra
Sviesta . e
sviests brendija glazé
100,000 ppm in propylene glycol, one drop placed on a
5 Caramelised / 5-methyl furfural / strip in a sealed tube / 100 000 ppm propilénglikold no
Karamelizets 5-metilfurfurols kura vienu pilienu uzpilina uz sloksnes un ievieto noslégta
mégené
100,000 ppm in propylene glycol, three drops placed on a
Chemical / trans-2-Hexen-1-ol / strip ina §§aled tube. /. 100 000 ppm proplzle.ngllkola no-
6 . _ kura tris pilienus uzpilina uz sloksnes un ievieto noslegta
Kimisks trans-2-heksén-1-ols e e . .
’ megenétris pilienus 10 000 ppm propilenglikola uzpilina
uz sloksnes un ievieot noslegta mégené
100,000 ppm in propylene glycol, three drops placed on a
7 Floral / decen-2-one / decen- strip in a sealed tube / 100 000 ppm propilénglikold no
Ziedu 2-one kura tris pilienus uzpilina uz sloksnes un ievieto noslégta
mégené
Garlic/ dimethyl sulphide / _1,000 ppm in propylene glycol, one drpp p_laced on a strip
8 . . in a sealed tube / 1000 ppm propilénglikola no kura vienu
Kiploka dimetilsulfids . . L o
pilienu uzpilina uz sloksnes un ievieto noslégta meégene
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Continued Table 2.10/ 2.10. tabulas turpinajums

Aroma

No / . Reference / . C ewen
NI * Attrlbu_tg / Atsauces materidls** Preparation / Pagatvosana
Aromati
10,000 ppm in propylene glycol, three drops placed
. 2-acethylpyridine / on a strip in a sealed tube / tris pilienus references
9 Grainy / Graudu 2-acetilpiridins materiala Skiduma ar 10 000 ppm propilénglikolu
uzpilina uz sloksnes un ievieot noslégta mégené
100,000 ppm in propylene glycol, three drops
Green | Zalas 3,7-dimethyl-6-octenoic placed on a strip in a sealed tube / tris pilienus
10 7 acid / 3,7-dimetil-6- references materiala Skiduma ar 100 000 ppm
zales o o s o
oktenskabe propilenglikolu uzpilina uz sloksnes un ievieot
noslegta mégené
) 2-inch strip of leather placed in a medium snifter /
11 Leather / Adas leather glove / adas cimdi 2 collu adas sloksne, kas ievietota vidéja izméra
brendija glazé
100,000 ppm in propylene glycol, three drops
Mushroom / 1-octen-3-ol / placed on a strip ina sveeilled tube / tris pilienus
12 _ references materiala Skiduma ar 100 000 ppm
Senu 1-okten-3-ols R, . o
propilénglikolu uzpilina uz sloksnes un ievieot
noslégta mégene
100,000 ppm in propylene glycol, three drops
Musty / Mitra 2-methoxv phenol / placed on a strip in a sealed tube / tris pilienus
13 pagraba/ yp references materiala Skiduma ar 10 000 ppm
. 2-metoksifenols oo s S
pelejuma propilénglikolu uzpilina uz sloksnes un ievieot
nosléegta mégené
1,000 ppm in propylene glycol, one drop placed on
. 2,5 dimethyl pyrazine / a strip in a sealed tube / 1000 ppm propilénglikola
14 Nutty / Riekstu 2,5 dimetilpirazins no kura vienu pilienu uzpilina uz sloksnes un
ievieto noslégta megené
i . 1,000 ppm in propylene glycol, one drop placed on
Roasted / 2 ethyl 3,5(or .6) d|methyl a strip in a sealed tube / 1000 ppm propilénglikola
15 _ pyrazine / 2-etil-3,5(vai 6) ) - e
Grauzdets dimetilpirast no kura vienu pilienu uzpilina uz sloksnes un
imetilpirazins .. .
ievieto noslégta meégene
100 ppm in deionised water, three drops placed on
16 Sharn / Ass propionic acid / a strip in a sealed tube / tris pilienus references
P propionskabe materidala Skiduma ar 100 ppm propilenglikolu
uzpilina uz sloksnes un ievieot noslegta megené
100 ppm in propylene glycol, one drop placed on a
17 Skunky / Methanethiol / metantiols stripin a sealgc_i tube / 100 ppm propzlengll{col_a no
Skunksa kura vienu pilienu uzpilina uz sloksnes un ievieto
nosléegta mégené
100,000 ppm in propylene glycol, three drops
) ’ placed on a strip in a sealed tube / #Zs pilienus
18 Smoky / Dimu 4 Ethyl. 2 methoxyphe_nyl 4 references materiala Skiduma ar 100 000 ppm
4-etil-2-metoksifenils o s o
propilenglikolu uzpilina uz sloksnes un ievieot
nosléegta mégené
100,000 ppm in propylene glycol, three drops
19 Spice / Pikants (E)-cinnamaldehyde / placed on a strip in a sealed tube / #s pilienus 100
P (E)-kanélamaldehids 000 ppm propilénglikola uzpilina uz sloksnes un
ievieot noslegta mégené
cut the cheeses into linch size cubes, place five
. Parmesan cheese / pieces in a medium snifter / sagrieziet sieru2 cm
20 Sweat / Sviedru o ) o . ) T
Parmezana siers kubinos, ievietot piecus gabalinus vidéja izméra
brendija glazé
One drop placed on a strip in a sealed tube / vienu
21 Sweet / Salds Lyramre / Lirama pilienu uzpilina uz sloksnes un ievieto noslégta

mégené
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Continued Table 2.10/ 2.10. tabulas turpinajums

Aroma
No / . Reference / . e ewen
NI * Attrlbu_tg / Atsauces materials® Preparation / Pagatvosana
Aromati
Boiled 10,000 ppm in propylene glycol, three drops placed
29 vegetable / 2-isobutylthiazole / 2- on a strip in a sealed tube / tris pilienus 10 000 ppm

izobutiltiazols propilénglikola uzpilina uz sloksnes un ievieot
noslegta mégené
10,000 ppm in propylene glycol, three drops placed
1-nonanal / on a strip in a sealed tube / tris pilienus references
1-nonanals materiala skiduma ar 10 000 ppm propilenglikolu
uzpilina uz sloksnes un ievieot noslégta megene
“Chemical references were acquired from / kimiskie referencu materiali tika iegfiti no Sigma Aldrich (St. Louis,
MO, USA), Lyrame Super from International Flavors & Fragrances (New York, New York, USA); “The
chemical references were prepared according to recommended smelling concentration
http://www.thegoodscentscompany.com/ / Atsauces materiali tika pagatavoti pec ieteiktajam koncentracijam
no The good scents company datu bazes.

Varitu darzenu

23 Waxy / Vaska

A total of 6 points from the initial list (toast, plastic, bread, green/floral, cotton candy,
and wine) were replaced with baked potato, buttery, chemical, garlic, green, leather, mushroom,
musty, sharp, sweat, vegetable, and waxy aroma.

Sample evaluation. Panellists evaluated samples by smelling the effluent from the
column, and recorded each aroma by clicking on the aroma palette attributes. One sample
analysis was 18.39 min and each panellist evaluated six samples with two replicates over 1-2
sessions per day. The serving order was randomised, and the registered name of the sample was
coded. The sample evaluation was conducted in a temperature-controlled room
(20 £2 °C).

2.7.4. Statistical analysis for research stage 1V / |V pétijuma posma datu statistiska analize

Aroma peaks that were detected more than four times during GC-O analysis (i.e., nasal
impact frequency (NIF) >60 %) were selected as highly potent odorants for further analysis
(Mayuoni-Kirshinbaum et al. 2012). The volatile compounds were identified as aroma-active
if:

1) the GC-O retention times matched with GC-MS retention times of potent volatile

compounds with £0.01 min deviation;

2) aroma peaks that were detected more than four times during GC-O analysis were

selected as impact potent odorants for further analysis;

3) using mass spectral database ‘Nist98” compounds were identified if their probability

rate was 90% or above;

4) the experimental KI was compared using the National Institute of Standards and

Technology (NIST) library with strict column parameters (30 m; 0.25 mm,
0.5 pg) temperature range: 320/350 °C.
Volatile compounds detected at least in four out of six repetition samples were selected for
further consideration for the vocabulary.

Analysis of Variance (ANOVA) was performed based on peak area per cent values using
XLSTAT software (vs. 2020.2.3.65347, XLSTAT, New York, NY, USA). Least squares means
were used to understand significantly different roast levels and preparation methods at the 5%
significance level. Average peak area values of volatile compounds were used for Principal
Component Analysis (PCA) correlation biplot using XLSTAT software (vs. 2020.2.3.65347,
XLSTAT, New York, NY, USA).
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2.8. Stage V of research / V pétijuma posms

In stage V consumer's perception of specialty coffee brews was analysed.
2.8.1. Coffee samples for research stage V / V pétijuma posma Kafijas paraugi

Green Coffea arabica L. coffee from Colombia was used in the study. The post-harvesting
method used was natural Selected coffee qualifies as a specialty with 86.75-87.25 points
following Specialty Coffee Association (SCA) standards and protocols. Green coffee bean
storage before roasting is described at Stage 1V in 2.7.1. chapter.

Roasting process. Diedrich IR- 2.5 roaster (Diedrich Roasters, Ponderay, 1D, USA) was
used with a 2.2 kg batch size. Green coffee beans were roasted in two roast levels (Light roast
at 205°C for 11 min; Medium roast at 210°C for 12 min). The colour values of the roast level
were analysed using a ColorTec-PCM colorimeter (Color-Tec Associates, Inc., Clinton, NJ,
USA). Colour values: L* indicates white/black coordinate (light roast 40.01+0.02; medium
roast 31.94+0.03), the a* indicates red/green coordinate (light roast 4.99+0.04; medium roast
4.07+0.05), and b* — yellow/blue coordinate (light roast 15.0+0.01; medium roast 9.11+0.04).
Roasted coffee beans were stored in a dry, airtight container until the grinding/brewing process.

Brewing process. The roasted coffee beans were ground 10-15 minutes before brewing,
using a Baratza Forte Brew Grinder (Baratza LLC, Bellevue, WA, USA). Two brewing
techniques were used - French Press (Bodum, Triengen, Switzerland) and Automatic drip coffee
(Newell Brand, Cleveland, Ohio, USA). For both techniques coffee: water ratio was
55 ¢ : 100 mL. Deionized water was used heated to 93 °C. For French press coffee: water was poured
over ground coffee and extracted for 4 min. Automatic drip coffee was brewed following manufacturer
guidelines.

Brewed coffee was poured in a pre-heated air-pot (Zojirushi AASB-22SB Air Pot,
Zojirushi Corp, Osaka, Japan. To maintain a 70 °C serving temperature (Adhikari, Chambers,
& Koppel 2019), the coffee samples were served in 4 oz Styrofoam cups (with lids) to
participants right before the sample evaluation.

2.8.2. Consumer study for stage V of research /
V petijuma posma pateretaju petijuma gaita

Participants. From 301 screened people, 188 were qualified to participate in this study.
The recruitment goal was to include only regular coffee consumers (consume black coffee at
least 2-3 times per week) over 18 and who do not work for a restaurant or coffee shop
companies. After giving their written consent, 90 participants took part in this study.

Study location and set up. The consumer study was conducted at the Center for Sensory
Analysis and Consumer Behavior at Kansas State University (Manhattan, Kansas). The tests
were conducted in a single session (~30 min.) in a panel room with a maximum of 10 consumers
per session. Consumers were asked to answer nine demographic and coffee consumption-
related questions and to perform evaluation of four coffee samples. Four coffee samples (LD —
light roast/drip coffee; LF — light roast/ French Press coffee; MD — medium roast/ drip coffee;
MF — medium roast/ French press coffee) were labelled with 3-digit codes, presented
monadically in randomised order. After each sample evaluation, participants had a 1-minute
break with unsalted crackers and water provided as a cleanout.

Questionnaire. The questionnaire included four questions about sensory attributes in the
following order: overall like overall aroma, overall flavour, overall texture. This study used a
9-point hedonic scale (from 1 - dislike significantly to 9 - like extremely) for sensory attribute
liking. Consumers were asked to evaluate the sourness and bitterness of coffee samples using
the “Just-About-Right” scale (where 1=Not Sour; 2=Not Sour Enough; 3=Just About Right;
4=Slight Too Sour; 5=Much Too Sour). Consumers were asked to answer the last question
about how likely they would purchase the coffee sample, knowing it has high antioxidants. This
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study used a 5-point scale (from 1=Definitely not; 2=Probably not; 3=Possibly; 4=Probably;
5=Definitely) for purchase intent.

2.8.3. Statistical analysis for stage V of research /
V peétijuma posma datu statistiska analize

Shapiro-Wilk test was used for normality test at a significance level of 0.05, and
histograms visualised data distribution. To examine coffee consumers based on four different
coffee brew sensory attribute liking scores, agglomerative hierarchical clustering (AHC) was
carried out using Euclidean distance and Ward's method. To determine consumer sample effect
on sensory attribute liking scores and purchase intent, a two-way Analysis of Variance
(ANOVA) was performed following pairwise comparison by Tukey’s Honestly Significant
Difference (HSD) test. The correlation between purchase intent and sensory attribute was tested
using Kendall’s tau coefficient (1) at 5% probability levels. Penalty analysis, Just-About-Right
(JAR) data was applied to determine how much the overall liking and acceptance of the coffee
samples were impacted by their flavour attributes (sourness and bitterness). The consumer
recruiting electronic questionnaire results were collected by RedJade Sensory Software
(Martinez, CA, USA). All statistical analyses were performed using the software program
XLSTAT (Addinsoft, New York, NY, USA).
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3. RESULTS AND DISCUSSION / REZULTATI UN DISKUSIJA

3.1. Evaluation of a headspace solid-phase microextraction with different fibres for
volatile compound determination in specialty coffee / Specialty kafijas gaistoso
savienojumu analize, izmantojot Cetras daZadas cietas fazes mikroekstrakcijas Skiedras

The SPME is a frequently applied method for volatile compound extraction, although
there is a limited research disclosed about different SPME fibre suitability for volatile
compound extraction from specialty coffee brews. The aim of research stage | was to evaluate
the volatile composition of specialty coffee brews using different SPME fibres.

3.1.1. Evaluation of coffee volatile compound chemical groups, detected with four
different SPME fibres / Kafijas gaistoSo savienojumu kimisko klasu novertéjums,
izmantojot Cetras daZadas cietas fazes mikroekstrakcijas Skiedras

In total 76 compounds from 16 chemical classes were extracted from coffee samples. A
significant relationship between SPME fibres and chemical compound classes have been
detected by Chi-Square test (p<0.05). The CAR/PDMS fibre could extract volatile compounds
from all chemical classes while PA fibre could extract only from eight classes (Table 3.1).

Table 3.1/ 3.1. tabula
Contingency table indicating the percentage (%) of extracted volatile compounds with
each SPME fibre / Ekstrahéto gaistoso savienojumu procentuals sadalijums péc to
kimiskajam klasém un CFME Skiedram

Chemical classes / Volatile compound content / GaistoSo savienojumu sastavs, %
Kimiskas klases CAR/PDMS DVB/CAR/PDMS PA PDMS/DVB
Alcohols / Spirti 1.34 1.63

Aldehydes / Aldehidi 1.79 11.43 4.07
Alkanes / Alkani 16.52 19.57 18.57 24.39
Amides /Amidi 1.34 1.09
Esters / Esteri 2.68
Furans / Furani 7.59 7.61 35.71 1.63
Ketones / Kertoni 17.86 25.00 35.71 21.95

Organic acids /

T 13.84 13.04 1.43 9.76
Organiskas skabes
Oxides / Oksidi 7.59 6.52 12.86 4.07
Phenolic compounds / 4.02 3.26 14.29 2.44
Fenolu savienojumi
Pyrazines / Pirazini 0.45 4.29 1.63
Pyridines / Piridini 10.71 4.35 18.70
Pyrimidines / Pirimidini 3.57 5.43 0.81
Pyrroles / Piroli 2.23 6.52 1.43 0.81
Sulprlur-contalr]!ng c.omp.oun.ds/ 714 761 732
Seru saturosi savienojunii
Terpenes / Terpeni 1.34 0.81

These are in accordance with previous studies indicating that bipolar fibres such as
DVB/CAR/PDMS, CAR/PDMS and PDMS/DVB have the ability to extract a wide range of
volatile compounds from coffee (Risticevic, Carasek, & Pawliszyn 2008; Viegas et al. 2009;
Spietelun et al. 2010). Additionally, Salum et al. (2017) and Chen, Chiang, & Chung (2019)
reported that fibres with carboxen (CAR) coating allow extracting smaller size molecules. It
could be explained by CAR large surface area with micro and macropores structure. The results
align with Roberts, Pollien, & Milo (2000) study, where CAR/PDM fibre could extract small
molecules like acetaldehyde and organic acids more than other fibres.
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The PA fibre could extract the most phenolic compounds compared to bipolar fibres.
Contrarily the PA fibre could only extract 17 compounds from 8 chemical compound classes
with the lowest total compound peak areas. The possible explanation could be the polar
compound coating material, which has shown a disadvantage to extracting nonpolar compounds
(Spietelun et al. 2010). The PA could be benefitial for coffee defect analysis toger with one of
the bipolar fibres, because the majority of phenolic compounds in coffee are found in green or
burnt coffee (Yang et al. 2016). However, for specialty coffee volatile compound analysis it is
important to focus on chemical classes such as aldehydes, ketones, pyrazines, sulphur-
containing compounds. The results are consistent with Chen, Chiang, & Chung (2019) study
where PA fibre could not extract sulphur-containing compounds and pyrazines.

3.1.2. Important volatile compounds in specialty coffee brew /
Nozimigakie gaistoSie savienojumi speacialty kafijas dzerienos

Previous studies have confirmed that from all volatile compounds (more than 800), only
20-25 can significantly impact the aroma and flavour of coffee, which are particularly detected
in specialty coffees (Sobreira et al. 2015; Laukaleja & Kruma 2018; Zamora-Ros et al. 2018).
Consistent with the literature, this research found that CAR/PDMS fibre was able to extract 17,
DVB/CAR/PDMS - 15, PDMS/DVB - 13; PA — 6 important specialty coffee volatile
compounds. From 17 compound peak areas, 8 showed significant differences between SPME
fibres (Table 3.2.). Only the CAR/PDMS fibre could extract acetaldehyde, this finding was also
reported by Caprioli et al. (2012). A possible explanation for this might be the low boiling point
of aldehydes. The PDMS/DVB fibre showed significantly higher peak area for
1-(2-furanylmethyl)-1H-pyrrole compound (savoury, vegetable aroma notes) extraction. The
PDMS/DVB fibre was selected by Ribeiro et al. (2009) to predict sensory chracteristics of
roasted Coffea arabica L. coffee from Brazil. Although in this study the PDMS/DVB fibre was
not able to extract four important volatile compounds in specialty coffee.
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Table 3.2/ 3.2. tabula
Identified important volatile compounds in specialty coffee brews using four different SPME fibres /
Identificeti sensorai kvalitatei nozimigakie gaistosie savienojumi specialty kafija, izmantojot Cetras dazadas cietas fazes mikroekstrakcijas
Skiedras (Laukaleja & Kruma 2019b)

No Coffee volatile peak area / value / Compound sensory description /
/ Nr. Compounds / Savienojumi Kafijas gaistoso savienojumu snailu laukums (x10°) P Ve b Savi po y de V_g s
CAR/PDMS | DVB/CAR/PDMS | PDMS/DVB PA pverioa GVICTIOJUIIL SENSOTAs tpasivas
1-(2-Furanylmethyl)-1h-pyrrole / -
1. 1-(2-Furanilmetil)-1h-pirols 3.53 2.97 6.38 0.008 vegetables / darzenu
2. 2,3-Pentanedione / 2,3-Pentandions 48.81 19.64 6.75 <0.000 buttery / sviesta
2,6-Dimethyl-4-thiopyrone /
2 6-Dimetil-4-tiopirons 5.00 caramel / karameles
5-Methyl-2-furancarboxaldehyde /
4. 5-Metil-2-fiirankarboksaldehids 127.43 56.01 31.18 5.04 0.032 caramel / karameles
5. 2-Furanmethanol / 2 - Furanmetanols 73.31 35.85 19.71 10.25 <0.000 floral / ziedu
6. Furfuryl acetate / Furfurilacetats 55.82 48.37 41.75 2.23 0.005 floral, fruity / ziedu, auglu
7. 3-Methyl-butanal / 3-Metil-butanals 27.43 5.47 13.87 0.61 0.043 fruity / auglu
8. 1-(2-Furanyl), ethenone / 9.01 4.48 2.59 0.17 0.125 nutty / riekstu
1-(2-Furanil), etanons
2-(Methoxymethyl)furan / nutty, ground coffee—like / riekstu,
S 2-(Metoksimetil)furans 0.57 0.99 0.565 maltas kafijas
10. 2-Methylfuran / 2-Metilfurdns 32.20 4.82 0.59 0.000 roasted a'm"”ﬁa?i?;fsee I grauzdetas
11. Furfural / Furfurols 164.31 73.77 26.17 6.86 <0.000 caramel / karameles
. _ roasted sweet almond / grauzdetu
12. 2-Methylpropanal / 2-Metilpropanals 3.37 5.83 3.17 0.522 saldu mandelu
13. 225’5[)5’71‘;%;"1{212‘3 / 3.48 3.16 0.979 roasted / greuzdets
14, Ethyl-pyrazine / Etilpirazins 3.35 3.19 2.30 0.402 | Chocolate-peanut, nutty / Sokolades-
zemesriekstu, riekstu
15. 4%&;%';{2;2:;26 / 20.18 13.30 1.87 0.041 popcorn / popkorna
16. Acetaldehyde / Acetaldehids 2.63 fruity / auglu
17. Furfurylformate / Furfurilformidts 2.46 malt, fruity / iesala, auglu

* Significance differences between SPME fibres at p<0.05 / Biitiskas atskiribas starp CFME $kiedram (p<0.05) **According to previous studies / Atsaucoties uz iepriekSejiem
pétijumiem.: Mondello et al. (2005); Somporn et al. (2011); Mestdagh et al. (2014); Piccino et al. (2014); Yang et al. (2016).
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Previous studies have shown that the CAR/PDMS fibre can better extract compounds
with low boiling points compared to other SPME fibres (Salum et al. 2017; Dadali & Elmaci1
2019). The CAR/PDMS fibre shows the highest peak areas for eight volatile compounds. All
these compounds are associated with fruity, caramel, floral aroma notes. Comparison of the
findings with those of other studies confirms that CAR/PDMS fibre is the most suitable for
furan compound extraction (Mayuoni-Kirshinbaum et al. 2012; Petisca et al. 2012).

3.1.3. Principal component and agglomerative hierarchical clustering analysis of the
specialty coffee brews with different SPME fibres / Specialty kafijas dzérienu galveno
komponentu un aglomerativas hierarhisko klasteru analize, izmantojot Cetras daZadas
cietds fazes mikroekstrakcijas Skiedras

Principal Component Analysis (PCA) illustrates (Fig. 3.1) the SPME fibre coating impact
on volatile compound extraction from specialty coffee samples. The first two principal
components explained 57.12 % of total variance. Axes (F1 and F2 factors-the first and second
principal component) refer to the ordination scores obtained from the samples. Axis F1 (first
principal component) accounts for 41.94% and F2 (second principal component) accounts for
a further 15.19% of the total variance.

Biplot (axes F1 and F2: 57.12 %)

6 -
2-methyl-propanal
5 i} 1-(2—Furanylmethyl)-1H-pyrrole
4 i 2—(methoxymethyl)furan
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[ ]
Furfuryl formate °
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Fig. 3.1. Biplot diagram by principal component analysis of five coffee brew
samples with four different SPME fibres /
3.1. att. Galveno komponentu analizes biplot diagramma, analizéjot piecu kafijas
dzerienu paraugu gaistoso savienojumu ekstrakciju, izmantojot cetras dazadas CFME
Skiedras

In the biplot, Kenya (K ) and Honduras (H_) sample volatiles extracted with all four
fibres and Colombia (C ), Ethiopia (E_) extracted with CAR/PDMS, PDMS/DVB and PA were

52



classified in the first principal component, while the second principal component presented
Honduras_2, Colombia, Ethiopia sample volatiles extracted with DVB/CAR/PDMS fiber.

A positive correlation was found between CAR/PDMS fibers and majority of volatile
compound peak areas, while PDMS/DVB and PA showed strong negative correlation with the
same volatile compounds.

Agglomerative hierarchical clustering (AHC) was performed to evaluate if the volatile
compounds are grouped by the coffee samples or by SPME fibres. The results of AHC analysis
were illustrated by dendrogram (Fig. 3.2).
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Fig. 3.2 Dendrogram (AHC analysis) representing volatile compound dissimilarity
relationships of coffee samples and SPME fibres / 3.2. att. Aglomerativas hierarhisko
klasteru analizes dendrogramma, illtustréjot gaistoso savienojumu atSkiriguma attiecibas
starp kafijas paraugiem un CFME skiedram

The AHC analysis grouped the coffee volatiles into two clusters. First cluster is more
homogeneous and represents DVB/CAR/PDMS, PDMS/DVB, PA fibres and the second cluster
represents CAR/PDMS fibre. Only C_DVB/CAR/PDMS was grouped with CAR/PDMS fibre.
The given data could indicate that the DVB/CAR/PDMS fibre only from Colombia coffee could
extract volatile compounds as efficient as CAR/PDMS fibre. The AHC and PCA analysis
confirmed the importance of SPME fibre coating selection for analysis of coffee volatile profile,
because samples were classified based on fibre coating, not the coffee origin.

Summary of Chapter 3.1. Evaluation of a headspace solid - phase microextraction with
different fibers for volatile compound determination in specialty coffee brews /
Kopsavilkums par 3.1. posmu GaistoSo savienojumu analize, izmantojot Cetras daZadas
cietds fazes mikroekstrakcijas Skiedras

Consistent with the literature, this research found that bipolar fibres such as
DVB/CAR/PDMS, CAR/PDMS and PDMS/DVB have ability to extract more polar and non-
polar volatiles form coffee samples.

The findings contradict with previous studies, showing that CAR/PDMS fibre could
detect and extract broader range of volatile compounds from different origin specialty coffee
samples. The AHC and PCA confirmed that SPME fibre could significantly impact the volatile
compound extraction from specialty coffee, because the analysed samples were clustered by
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the selected SPME fibres. The CAR/PDMS fibre would be the preferable choice for volatile
compound extraction from specialty coffee brew, although DVB/CAR/PDMS fibre can be a
reliable alternative for volatile compound extraction from specialty coffee brew from
Colombia.

Saskana ar literatiiru, bipolaras skiedras, ka DVB/CAR/PDMS, CAR/PDMS un
PDMS/DVB, pierdada spéju no kafijas paraugiem ekstrahét polaros un nepolaros gaistosos
savienojumus. Rezultati ir pretrund ar iepriekséjiem pétijumiem, kas parada, ka PDMS/DVB
Skiedra spej iegut plasaku gaistoso savienojumu saturu un lielaku t0o koncentraciju kafija neka
CAR/PDMS skiedra. Petijuma CAR/IPDMS skiedra spéja uzradit ieverojami vairak gaistoso
savienojumu ar lielakiem smailu laukumiem no visam kimiskajam klasem, iznemot fenolu
savienojumus. AHK un GKA analize apstiprina CFME Skiedru parklajuma izveles nozimi
kafijas gaistoSos savienojumu sastava analizé, jo paraugi tika klasificeti, pamatojoties uz
Skiedru parklajumu, nevis kafijas izcelsmi. CAR/PDMS Skiedra biitu ieteicama specialty kafijas
gaistoso savienojumu ekstrakcijai, tacu DVB/CAR/PDMS skiedra var but, ka atbilstosa
alternativa CAR/PDMS skiedrai, ka specialty kafija ir no Kolumbijas.

3.2. Influence of phenolic and volatile compound composition on specialty coffee cup
quality / Fenolu un gaistoSo savienojumu satura ietekme uz specialty kafijas sensoro
kvalitati

During the roasting process compounds such as chlorogenic acid and ferulic acid
degrades and create different volatile compounds including phenolic compounds. Phenolic
compounds can increase the harsh bitter taste and smoky aroma. It is important to know
phenolic and volatile compound profile composition in coffee and their influence on cup
quality. The aim of research stage Il was to evaluate the influence of phenolic and volatile
compound composition on specialty coffee cup quality.

3.2.1. Cup quality assessment / Kafijas kvalitates novertejums

The cup quality assessment showed that all coffees scored in the range 83.00-90.25
(Table 3.3). The lowest score (83 points) had SAL _1, and the highest score was for the HON_2
coffee sample (90.25). These results could be explained by the acidity and sweetness balance
in coffee.

It has been suggested that the balance between acidity and sweetness is correlated with a
higher final cup quality score, as shown in Mendonga de Carvalho et al. (2016) study that
analysed the relationship between coffee plantation regions in Brazil and cup quality attributes.
The SAL_1 coffee was associated with higher acidity, which can disbalance the overall cup
preference. From another point of view, the HON_2 sample shows a balance between the
acidity and sweetness of the coffee brew.

A positive correlation was found between the frequency of fruit, caramel flavour notes
and a pleasant acidity with coffees whose quality standards was the most in accordance with
the SCAA standard guidelines.

Borém et al. (2016) reported that final cup quality scores could be influenced by sucrose
content in green coffee and sourness level in the roasted coffee brew. The higher sucrose content
in green coffee has shown positive correlation with acidity, sweetness in final cup quality.
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Table 3.3/3.3. tabula
Final cup quality scores with sensory description /
Kafijas paraugu kvalitates novértejums (Laukaleja & Kruma 2019c)

Roastery / | Coffee sample / Final cup guallty score Sensory description /
. | Kopéjais kvalitates . .
Grauzdeétava | Kafijas paraugs Vertzjums Sensorais raksturojums
plum, grapes, red pepper, toffee (caramel) /
HON_1 86.50 pliume, vinogas, sarkanie pipari, iriss
(karamele)

R 1 blackberry, red pepper, roses, dark chocolate /
KEN_1 88.75 kazenes, sarkanie pipari, rozes, tumsa Sokoldade
coL 1 89.00 pineapple, dried apricot, elderflower / anandisi,

- ' zaveti aprikozes, pliskoks
dried fruits, passion fruit, melon, kombucha /
HON_2 90.25 zaveti augli, marakujas augli, melone,
kombucha
lime, jasmine, chocolate cream, cherry brandy /

R 2 ETH 1 88.25 laims, jasmins, Sokolades krems, kirsu brendijs

HON 3 85.00 cacao, red apples, dried fruits / kakao, sarkanie
- ' aboli, zaveti augli

SAL 1 83.00 nutty and creamy notes / riekstu un kremveida
- ' notis

Pleasant acidity mostly is associated with dry fruit taste (Poltronieri & Rossi 2016), and
this could be the reason why HON_2 with dry fruits and melon characteristics showed the
highest final cup quality score.

3.2.2. Volatile compound profile in different origin and differently roasted coffee brews /
GaistoSo savienojumu kompozicija daZadu izcelsmes valstu un grauzdejuma kafijas
dzerienos

The major volatile compounds in coffee brew samples were furans, pyrazines, aldehydes,
and ketones (Table 3.4). Volatiles from furan chemical class set the highest concentration in
coffee, although aldehydes, ketones and pyrazines can crucially impact the aroma profile of
coffee brew (Gruczynska et al. 2018; Cordoba et al. 2019). More studies approve the positive
correlation between coffee cup quality and volatile compound concentration with floral, fruity
aroma notes (Piccino et al. 2014; Poltronieri & Rossi 2016). Chemical classes such as ketones
and aldehydes are associated with a floral, fruity aroma and pleasant acidity in coffee.

In Caporaso et al. (2018) study a positive correlation was detected between aldehydes and
ketones, but a negative correlation between aldehydes and pyrazines. Ribeiro et al. (2009) study
stated that a higher concentration of 5-methyl-2-furancarboxaldehyde and furfural increased the
overall quality of Brazilian Coffea arabica L. coffee samples. The present study found
correlation between final cup quality scores and 2-furanmethanol (r=0.616; p=0.036) and strong
correlations between 2-furanmethanol and 5-methyl-2-furancarboxaldehyde (r=0.920;
p=0.003) and furfuryl acetate (r=0.879; p=0.009).

It has been suggested that the fermentation process during coffee fruit harvesting could
have a critical role in coffee brew sensory quality. In that case, where the fermentation process
is not maintained during the coffee bean and post-harvesting step, the desired aldehyde and
ketone compounds can quickly transform into alcohols. As a result, it can imbalance the coffee
volatile compound composition (Preedy 2015). Isoamyl acetate, detected in HON_2 coffee
sample has a specific fermented aroma and flavour, with potential brandy, overripe fruit notes
(Toledo et al. 2016). In sensory analyses, panellists detected kombucha (non-alcoholic
fermented fruit beverage) notes. Fermented flavour notes are associated with positive cup
quality characteristics in this situation. The high final cup quality score was in line with the
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trend in specialty market — exploring the fermented and specific aroma notes (Sepulveda et al.
2016).

Four compounds were only detected in specific coffee samples. The dihydro-2-methyl-3-
furanone was only detected in the KEN_1 coffee sample, while 2-methoxy-4-vinylphenol was
detected in HON_1 coffee sample. In coffee sample from Ethiopia 2-(methoxymethyl)furan
and in coffee sample from Colombia 1-(2-furanyl)-ethenone was detected.

Toledo et al. (2016) confirmed that coffee furanone (dihydro-2-methyl-3-furanone)
concentration has a strong association with final cup quality scores. All detected volatile
compounds in KEN_1 is associated with positive specialty coffee characteristics (Steen et al.
2017). The ETH_1 coffee with the final cup quality score of 88.25 showed the highest
concentration of furfuryl acetate, 2-furan methanol (fruity, floral aroma notes) and 2-methyl
butyraldehyde,2-methyl-propanal (coffee-like, roasted aroma notes). None of the coffee
samples had compounds associated with defective coffee quality attributes (phenolic, pungent,
ashy aroma notes).

This approves that the specialty coffee high standards for green coffee beans limit the risk
of damaged or wunripe beans. Limiting coffee defects also excludes possible
defective/unpleasant volatile phenolic compounds presence in the coffee brew, for example,
4-ethyl-2-methoxyphenol, 2-methylphenol (Steen et al. 2017; Giacalone et al. 2019).
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Table 3.4/ 3.4. tabula

Volatile compounds mean area in different origin and differently roasted coffee brews / Gaistoso savienojumu
kompozicija dazadu izcelsmes valstu un grauzdejuma kafijas dzérienos (Laukaleja & Kruma 2019c)

Compounds /

GC-MS peak area / GH-MS smailu laukums (x10°)

Aroma description /

Savienojumi HON 1 | KEN 1| COL 1| HON 2 | ETH_1| HON_3| SAL_1 Aromata ipasibas
1-(2-Furanylmethyl)-1h-pyrrole / _ a
1-(2-Furanilmetil)-1h-pirols 7.03a 7.85b 8.54c 7.60b savoury, vegetables/ darzenu
2.3 Pentanedione / 17.45b | 2099 | 23.37d | 12.77a | 26.01e | 30.19f | 26.27¢ buttery/ sviesta®
2,3 Pentanedions
5-Methyl-2-furancarboxaldehyde / o c
5-Metil-2-fiurankarboksaldehids 48.05b | 40.48a | 76.43e | 51.62c 63.47d | 97.23e 76.85f red pepper/ sarkana pipara
2-Furanmethanol / Furfurilspirts | 39.03c | 37.86b | 55.16e| 32.84a | 49.48d | 72.4le 70.25f floral/ ziedu®
Furfuryl acetate / Furfurilacetats | 38.76b | 31.60a | 93.11e 78.38c | 98.54f 83.26d floral, fruity/ ziedu, auglu®
2-Methylbutanal / cacao, coffee—like/
>-Metilbutandls 1494a | 21.14b | 36.07c | 93.31e | 36.94c | 93.31e | 39.43d kakao, Kafijas®
2-Methylfuran / 2-Metilfirans 24.12 18.56 caramel/ karameles®
Furfural / Furfurols - | 1080a | 102.1¢ | 64530 | 95.72¢ | 133.03f | 99.56d sweet, almona/
salds, mandelu
2-Methylpropanal / 19.24 9.89 chocolate/ sokolades®
2-Metilpropanals
. g chocolate, nutty/
Ethylpyrazine / Etilpirazins 8.47 7.46 11.15 Sokolades, riekstu®
4-Methylpyrimidine / 14.17 26.27 1.43 24.66 32.69 2.71 popcorn/ popkorna®

4-Metilpirimidins

aBressanello et al. (2017), "Lee, Kim, & Lee (2017), “Toledo et al. (2016), 9Steen et al. (2017), ®Piccino et al. (2014).

Different letters indicate statistically significant (p<0.05) differences between samples / Vertibas atzimetas ar atSkirigiem burtiem rindas nordada uz
bittiskam atskiribam starp kafijas paraugiem (p<0.05)
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3.2.3. Assessment of phenolic compound composition and free radical scavenging
activity in different origin and differently roasted coffee brews / Fenolu
savienojumu un antiradikalas aktivitates novertejums daZadu izcelsmes valstu un
grauzdejuma kafijas dzerienos

Significant differences for phenolic compounds were detected between different
coffee roasteries (Fig. 3.3). It can be associated with different technical conditions in the
roasting process and with the specific characteristics of each origin. The coffee samples
from Roastery 1 was roasted at a lower temperature and for a shorter roasting time, which
could confirm the phenolic compound sensitivity to temperature.
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Fig. 3.3 Total phenolic content in different origin and differently roasted coffee
brews / 3.3. att. Kopéjais fenolu saturs dazadu izcelsmes valstu un grauzdéjuma kafijas

dzerienos

Total flavonoid content in coffee brews showed a similar pattern (Fig. 3.4). The
highest phenolic and flavonoid content were detected in COL_1, KEN_1 and HON_1 and
the lowest in HON_2 and ETH_1.
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Fig. 3.4 Total flavonoid content in different origin and differently roasted coffee
brews / 3.4. att. Kopéjais flavonoidu saturs dazadu izcelsmes valstu un grauzdéjuma

kafijas dzérienos

From the volatile compounds profile, COL_1 showed a more balanced composition
than HON_2. COL_1 volatile compound profile had a fruity and floral aroma, flavour
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notes from organic acids and phenolic acids. However, HON_2 dominated in higher
nutty, chocolate flavour notes from furans.

It has been proven that between green coffee samples, the compositions of phenolic
compounds are similar, but between roasted coffee samples, the phenolic compound
composition can change significantly for various reasons, for example, roasting
temperature, time, storage etc. (Somporn et al. 2011; Cheong et al. 2013), this can be one
of the main reasons why results for high-quality coffees have significant differences
between roasteries.

ABTS" and DPPH' radical scavenging activity was significantly different between
almost all coffee samples (Fig. 3.5). Interestingly, the data showed significant difference
between COL_1 and HON_2 samples for DPPH" antiradical activity, while the same
samples showed no significant differences for ABTS™ antiradical activity.
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Fig. 3.5. ABTS™ (A) and DPPH" (B) radical scavenging activity in different origin
and differently roasted coffee / 3.5. att. Dazadu izcelsmes valstu un grauzdejuma
kafijas dzérienu antiradikala aktivitate péc ABTS™ (A) un DPPH" (B)

The HON_1 sample showed the highest DPPH" (832.44 umol Trolox equivalent
mL™1) and ABTS™ (34.13 umol Trolox equivalent mL 1) values. The ABTS™" value was
detected in SAL_1 sample (34.13 umol Trolox equivalent mL™1). Meanwhile both SAL_1
and HON_3 samples showed the lowest DPPH" value (505.20 pumol Trolox equivalent
mL™1).
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3.2.4. Correlation between total phenolic content and cup quality in different
origin and different roast level coffee / Korelacija starp kafijas sensoras kvalitates
novertejumu un kopéjo fenolu saturu daZadu grauzdetavu kafijas dzérienos

Surprisingly, when grouping coffee brews by roasteries, strong positive correlation
was detected between final cup quality scores and total phenolic and flavonoid content in
coffee brews from Roastery 1, and strong negative correlation was detected in coffee
brews from Roastery 2 (Table 3.5). Only for Roastery 2 coffee brews significant
negative correlation was detected between final cup quality scores and ABTS"", DPPH"
radical scavenging activity.

Table 3.5/ 3.5. tabula
Correlation between final cup quality scores and phenolic compound content in
different roastery coffee brews / Korelacija starp kafijas sensoras kvalitates
novertejumu un kopéjo fenolu saturu dazadu grauzdétavu kafijas dzéerienos

Pearson

Roastery / Grauzdétava correlation/ | o | £ | ABTS+ | DPPH"
Pirsona

korelacija

coefficient (1) / | 959 | 0.745 | 0464 | 0.464

koeficients (r)

Sig.2-tailed* <0.000 | 0.021 | 0.208 0.208

coefficient () /| 51 | 0,879 | -0.825 | -0.951
koeficients (r)

Sig.2-tailed* 0.000 | 0.000 | 0.001 <0.000
*Numbers in bold are significant at p<0.05 / Vertibas treknraksta, norada uz bitisku korelaciju (p<0.05)

R_1_Final cup quality score /
R 1 Kafijas kvalitates vertejums

R_2 Final cup quality score /
R 2 Kafijas kvalitates vertejums

The opposite correlations between two roasteries could suggest that roasting
process parameters influence important chemical compound content in coffee brews
differently. Roastery 1 coffee volatile compound profile is more balanced and focused
on fruity and floral compounds, like furfuryl acetate, 2—furanmethanol, while Roastery 2
coffee volatile compounds profiles have a higher number of volatile compounds with
roasted, chocolate notes, for example, 2—methylpropanal, 4-methylpyrimidine. The
sensory results for Roastery 1 coffee sample showed minimal final cup quality score
differences, while Roastery 2 had wider amplitude from 83 points to 90.25 points. These
two results could suggest that it is possible to maintain high phenolic compound content
in coffee brew if the composition of the volatile compounds is focused on specific aroma
attributes like sweet and pleasant acidity of fruity, floral aroma, flavour notes.

The analysis of other studies about the phenolic content correlation with sensory
results in coffee shows opposite results about cup quality and phenolic compound
composition. In some research studies, phenolic compounds like 5-caffeoylquinic acid
(5-CQA) and feruloylquinic acid (5-FQA) is associated with lower cup quality because
of the bitterness (Fujioka & Shibamoto 2008). Frank et al. (2007) analysis of bitter-tasting
compounds in roasted coffee states that 5-CQA is associated with coffee-like bitterness,
caffeic acid with strong roasted coffee bitterness and only ferulic acid and trigonelline
has an association with harshly strong bitterness. The phenolic compounds such as
2-methoxy-4-vinylphenol brings pleasant spicy, floral notes to coffee brew in low
concentrations (Piccino et al. 2014). In low concentrations, 2-methoxy-4-vinylphenol was
detected in Roastery 1 Kenya 1 coffee brew and its volatile compounds sensory
descriptions match with the panellists compound sensory description. Moon & Shibamoto
(2009) research states that phenolic compounds with a pleasant and fresh aroma, flavour
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notes as 2-methoxyphenol, chlorogenic acids and 2-methoxy-4-vinylphenol rapidly
decreases after light roasting level. Still, caffeic acid, catechol increases with the roasting
level bringing harsh bitterness to the coffee brew. Zanin et al. (2016) proved that it is
possible to contain good cup quality without losing the valuable chlorogenic acid content.
These studies suggest that individual phenolic compounds could affect the overall sensory
characteristics of the coffee differently. These findings indicate that it is essential to
determine individual phenolic content and analyse its correlation with the sensory
assessment results.

Summary of 3.2. Phenolic and volatile compound composition influence on
specialty coffee cup quality / Kopsavilkums par 3.2. Fenolu un gaisto$o savienojumu
satura ietekme uz specialty kafijas sensoro kavlitati

The final cup quality score in sensory analysis varied from 83-90.25 points, with
the highest score for HON_2 and the lowest for SAL_1. The volatile compound profile
in Roastery_1 coffee was more balanced with compounds associated with fruity and floral
notes, while Roastery 2 coffee volatile compounds profile had more compounds
associated with chocolate, nutty, roasted aroma notes. The difference between the total
phenolic, flavonoid content and antiradical scavenging activity in the roastery coffee
sample also showed significant differences. A positive correlation was found between
final cup quality scores and total phenolic, flavonoid content for Roastery_1 coffee brews
and a negative correlation between final cup quality scores and total phenolic, flavonoid
content and ABTS"", DPPH' radical scavenging activity for Roastery 2 coffee brews. The
different correlations could be associated with specific phenolic compound presence in
the coffee brew. These results indicate that the roastery-specific roasting process
parameters could influence volatile compounds profile and the total and individual
phenolic compound content. To better predict the roasting process's influence on the
phenolic compound composition, it is crucial to analyse the specific roasting parameters
and individual phenolic compounds with a correlation between volatile compounds.

Specialty kafijas sensords kvalitates novertéjuma rezultati bija amplitiida no 83 lidz
90.25 punktiem, ar lielako punktu skaitu HON 2 un mazako — SAL_1. Roastery 1
grauzdétavas kafijas paraugu gaistoSo savienojumu profils uzradija parsvard
savienojumus, kas asociejas ar auglu un ziedu aromatu, savukart Roastery 2
grauzdetavas kafijas paraugu gaistoso savienojumu profila bija vairak savienojumu, kas
asocieti ar sokolddes, riekstu, grauzdétu aromatu. Biitiskas atskiribas tika konstatétas
starp kopéjo fenolu, flavonoidu saturu un antitradikalas aktivitates raditajiem abu
grauzdetavu kafijas paraugos. Tika konstateta pozitiva koreldcija starp sensords
kvalitates novertejuma raditajiem un kopéjo fenolu, flavonoidu saturu Roastery 1 kafijas
paraugos un negativa koreldcija starp sensoras kvalitates novertejuma raditajiem un
kopéjo fenola, flavonoidu saturu un ABTS+e, DPPH?* antitradikalo aktivitati Roastery 2
kafijas paraugos. Pretéjie korelacijas raditaji var bit saistiti ar specifiskiem fenolu
savienojumiem, kas atrodas kafijas dzérienos. Rezultati apliecina, ka grauzdétavu
izveletie grauzdeésanas parametri var ietekmet gaistoso savienojumu profilu un kopéjo,
individualo fenolu savienojumu saturu. Lai labak izvertétu grauzdesanas procesa ietekmi
uz fenolu savienojumu sastavu un ta izmainam, ir butiski izvertét konkrétu grauzdesanas
parametru un individudlo fenolu savienojumu sastava koreldcijas ar gaistoSajiem
savienojumiem.
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3.3. The impact of the roasting process on chemical composition and sensory
profile in specialty coffee / GrauzdéSanas procesa ietekme uz kimisko sastavu
specialty kafija

The roasting process significantly impacts the sensory characteristics and
biologically active compound content in coffee. It is crucial to understand the positive
and negative effects of the roasting process on coffee's bioactive compound composition
and sensory quality. The aim of research stage Ill was to evaluate the chemical
composition changes in different roast level coffee samples.

3.3.1. Physical parameter analyses / Fizikalo parametru analize

Moisture content ranged from 10.7% in green coffee and rapidly decreased to
3.0% in light roasted coffee, 2.2% in medium roasted, and 2.0% in dark roasted coffee
(Table 3.6).

Table 3.6 / 3.6. tabula
Moisture content and pH in different roast level coffee /
Mitruma saturs un pH dazada grauzdejuma pakapes kafija

Parameters / Roast level / Grauzdéjuma pakape
Parametri Green coffee / Light/ Medium / .
Zala kafija Viegls Videjs Dark / Tumss
pH 5.58+0.04 5.00+0.03 5.17+0.02 5.30+0.02
Moisture / 10.70+0.00 3.00+0.00 2.20%0.00 2.10+0.01
Mitrums, %

Moisture content in green coffee beans was in line with other studies and was under
11%, which is suggested to maintain the quality standards for specialty coffee (Borém et
al. 2016; Tolessa et al. 2016). Some studies have linked moisture content with pH in
coffee (Lee, Kim, & Lee 2017). The pH increased with the increased roast level, and
these findings are consistent with Rao, Fuller, & Grim (2020) study. Tassew et al. (2021)
suggest that the pH strongly correlates with acidity, body, and overall score of coffee
quality. The aliphatic acid formation could determine the changes in pH from
carbohydrate degradation during the roasting process. For example, formic acid and
acetic acid are associated with lower pH in light roasted coffee (Ginz et al. 2000; Rao,
Fuller, & Grim 2020).

3.3.2. Amino acid and fatty acid profile /
Aminoskabju un taukskabju kompozicija kafija

The amino acid content in different roast levels of coffee is shown in Table 3.7.
Among 17 amino acids, 13 showed the highest concentration in medium roasted coffee.
Only serine and cysteine concentration decreased with increased roast level. Glutamic
acid showed the highest concentration in all roast levels compared to other amino acids.
There were no associations found between roast levels and amino acid concentration with
Fisher's exact test. Although between several amino acids, strong correlations were
observed, especially in medium roast level coffee. Arginine had a strong correlation with
cysteine (r=0.999; p<0.05), glutamic acid with glycine (r=1.000; p<0.05).
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Table 3.7 / 3.7. tabula
Amino acid content in different roast level coffee beans /
Aminoskabju saturs dazada grauzdejuma pakapes kafijas pupinas

Amino acids / Amino acid content / Aminoskabju saturs, g 100 g_l
Aminoskabes Green coffee Light/ Medium / .
| Zala kafija Viegls Videjs Dark / Tumss
Aspartic acid / 0.85 0.68 0.75 0.69
Asparaginskabe
Glutamic acid /
Glutaminskibe 1.99 1.84 2.15 2.11
Serine / Serins 0.52 0.31 0.3 0.2
Glycine / Glicins 0.65 0.58 0.68 0.67
Histidine / Histidins 0.22 0.17 0.19 0.18
Arginine / Arginins 0.6 0.1 0.08 0.06
Threonine / Treonins 0.61 0.53 0.59 0.55
Alanine / Alanins 0.46 0.43 0.51 0.51
Proline / Prolins 0.57 0.51 0.59 0.61
Tyrosine / Tirozins 0.32 0.28 0.33 0.33
Valine / Valins 0.52 0.47 0.53 0.53
Methionine / 0.14 0.14 0.15 0.15
Metionins
Cysteine / Cisteins 0.15 0.06 0.05 0.03
Isoleucine / 0.34 0.31 0.35 0.35
Izoleicins
Leucine / Leicins 0.85 0.78 0.91 0.92
Phenylalanine / 0.52 0.47 0.55 0.55
Fenilalanins
Lysine / Lizins 0.58 0.08 0.09 0.08

Numbers in bold indicate significant correlation between amino acid and roast level by Pearson correlation
coefficient at significance level p<0.05 / Vértibas, izceltas treknraksta, norada uz bitisku saistibu starp
aminoskabes saturu un grauzdesanas pakapi péc Pirsona korelacijas pie bitiskuma limena p<0.05

Leucine strongly correlated with alanine, tyrosine, valine, methionine, isoleucine,
and phenylalanine (r=0.998; p<0.05). Strong correlations were also detected between
alanine, tyrosine, valine, methionine, isoleucine, phenylalanine (r=1.000; p<0.05). The
roasting process did not show direct associations with the amino acid profile. In line with
previous studies, glutamic and aspartic acids are the dominant amino acids in roasted
coffee (Bressanello et al. 2017). However, the present study did not confirm the
previously reported rapid degradation of amino acids with increased roast levels
(Guenther et al. 2007; Wei et al. 2017a). Only arginine and serine showed a high decrease
during the roasting process, according to Moreira et al. (2012).

Fatty acid content was significantly affected by roast level. It can be seen in Fig.
3.6. that saturated fatty acid, monounsaturated fatty acid, and polyunsaturated fatty acid
content were the highest in medium roasted coffee and the lowest in the light roasted
coffee. This outcome is contrary to Speer & Kolling-Speer (2006) and Oestreich-Janzen
(2014) who found that no significant differences have been detected between fatty acid
content and roast levels. However, the changes in fatty acid profile are in line with Lee,
Kim & Lee (2017). As a result of pressure change inside coffee bean cell walls, the fatty
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acids shift with increased roast level to the outer layer of coffee bean (Sridevi, Giridhar,
& Ravishankar 2011).
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Fig 3.6. Fatty acid content in different roast level coffee beans /

3.6. att. Taukskabju sastavs dazada grauzdéjuma pakapes kafijas pupinas
Different letters (a, b, ¢) within each fatty acid group indicate the statistically significant difference between
roast levels (p<0.05) / Vertibas, atzimétas ar atskirigiem burtiem (a,b,c) pie katras taukskabes, norada
biitiskas atskirtbas starp grauzdésanas pakapem (p<0.05)

These reports could explain why the fatty acid content changes have been only
detected 2-3 months after the roasting. The fatty acids on the outer layer of coffee beans
are exposed to oxidation, which is the leading cause of decreasing fatty acid content in
roasted coffee (Toci et al. 2013).

3.3.3. Phenolic compound content analysis in different roast level coffee brew /
Fenolu savienojumu sastava analize daZada grauzdejuma pakapes kafijas dzeriena

The highest total phenolic and flavonoid content was found in light roasted coffee
(292.85 mg GAE 100 mL* and 18.26 mg CE 100 mL™ respectively) and the lowest in
dark roast coffee (246.17 mg GAE 100 mL™; 15.79 mg CE 100 mL™) (Table 3.8).

Table 3.8/ 3.8. tabula
Total phenolic and flavonoid content in different roast level coffee brew /
Kopéjo fenolu un flavonoidu sastavs dazada grauzdéjuma pakapes kafijas dzériena

Roast Level / TPC TF
Grauzdejuma pakape (mg GAE 100 mL ) +SD | (mg CE 100 mL™?) +SD
Light / Viegls 292.85+0.04 a 18.26+0.21 a
Medium / Vidéjs 265.30+0.08 b 16.69+0.23 b

Dark / Tumss 246.17+0.02 ¢ 15.79+£0.25 ¢
p value / p vertiba <0.0001 <0.0001

Different letters in column indicate statistically significant differences between roast levels / Vertibas,

atzimétas ar atskirigiem burtiem kolonds, nordda uz butiskam atskiribam starp grauzdésanas pakapém
(p<0.05)
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Individual phenolic compound content is illustrated in Table 3.9. The highest
concentration irrespective of the roast level showed 3.5-dihydroxybenzoic acid and
chlorogenic acid, although their concentration decreased most rapidly. For example, the
chlorogenic acid concentration decreased from 117.54 mg mL™ in the light roasted coffee
to 53.0 mg mL™ in the dark roasted coffee. Only sinapic and 4-hydroxybenzoic acid
increased with the increased roast level.

Table 3.9/ 3.9 tabula
Individual phenolic compound concentration in different roast level coffee brew /
Atsevisko fenolu savienojumu Koncentracija dazada grauzdéjuma pakapes kafijas

dzeriena
Individual phenol concentration + standard
deviations / Atsevisko fenolu koncentrdcija un £
Coffee sample / Kafijas paraugi standarda novirze, mg 100 mL*
Light/ Medium / .
Viegls Vidajs Dark / Tumss
Gallic acid / Gallu skabe 0.02+0.03b 0.07£0.00a 0.07+0.00a
3,5-Dihydroxybenzoic acid /
3.5-Dihidroksibenzoskibe 217.24+0.96a | 182.68+0.63b 114.81+0.45¢c
Catechin / Katehins 2.54+0.19a 2.62+0.10a 1.91+0.14b
4-hydroxybenzoic acid /
A-Hidroksibenzoskabe 1.95+0.04c 2.92+0.02b 3.66+0.08a
Chlorogenic acid / Hlorogénskabe 117.54+3.41a | 96.00+1.12b 53.50+1.62c
Caffeic acid / Kafijskabe 1.34+0.88c 2.14+0.09a 1.82+0.00b
Epicatechin / Epikatehins 0.19+0.00
Vanillin / Vanilins 0.18+0.03a 0.15+0.00b 0.08+0.00b
P-coumaric acid / p-kumarskabe 0.04+0.01a 0.01+0.00b 0.01+0.00b
Sinapic acid / Sinapinskabe 0.85x1.21b 2.07+£0.02ab 2.4610.01a
Ferulic acid / Ferulinskabe 0.05+0.00b 0.06+0.00a 0.06+0.00a
2-Hydroxycinnamic acid /
2 Hidroksikanclskabe 0.06+0.02a 0.03+0.00b 0.02+0.00b
Rutin / Rutins 9.70+0.32a 7.40+0.22b 3.37+0.31c
Luteolin / Luteolins 0.72+0.50a 0.36+0.00b 0.34+0.01b

Different letters (a, b, ¢) within a row indicate the statistically significant difference between coffee samples
(p < 0.05) / Vertibas, atzimetas ar atSkirigiem burtiem (a,b,c) rindas, nordda bitiskas atskiribas starp
kafijas paraugiem (p < 0.05)

The decreasing individual phenolic acid and flavonoid compound content with
increasing roast level confirmed the phenolic compound degradation process with
increasing roast temperature and time (Coelho et al. 2014; Kwak, Ji, & Jeong 2017).
According to previous literature the most abundant phenolic compounds in coffee are
chlorogenic and 3.5-dihydroxybenzoic acids. Moreira et al. (2012) have suggested that
these two compounds could be responsible for coffee melanoidin formation. Although
only chlorogenic acid has been associated with potential antioxidative activity in coffee,
even if 3.5-dihydroxybenzoic acid content is higher Alcalde, Granados, & Saurina (2019).

The rapid chlorogenic acid content decrease with increasing roast level could be
explained by several chemical reactions during roasting process. From chlorogenic acid
thermal degradation caffeic acid is slowly released. The caffeic acid content increases
with chlorogenic acid decrement and it is in line with previous studies (Frank et al. 2007,
Kamiyama et al. 2015). Budryn et al. (2015) and Farah et al. (2005) reported rapid
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degradation of chlorogenic acid after light roast level and increased chlorogenic acid
lactone concentration.

3.3.4. Volatile compound profile in different roast level coffee /
GaistoSo savienojumu sastavs dazada grauzdejuma pakapes kafija

All roast levels, 41 compounds from eight chemical classes were detected. Furan
compounds in all roast levels had the highest mean peak area percentage, compared to
other chemical classes (Fig. 3.7).
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Fig. 3.7. Profile of the volatile compound chemical classes in different roast level
coffee / 3.7. att. GaistoSo savienojumu sastavs péc to kimiskajam klasem dazada
grauzdeéjuma pakapes kafija

Light roast coffee showed the highest aldehyde, organic acid, and alcohol content.
In contrast, medium roasted coffee showed the highest pyrazine and furan content, and
dark roast coffee — the highest terpene, phenolic acid, and ketone content. Furans are the
main volatile compounds in roasted coffee and are formed from Maillard reaction (Petisca
et al. 2012; Cordoba et al. 2019), which can explain the high percentage of furans in all
roasted levels.

The volatile phenolic compound content increased in dark roast level can be due to
phenolic compound degradation. For example, caffeic acid due to degradation in dark
roasted coffee transforms into volatile phenolic compounds such as 2-methoxy-4-
vinylphenol.

Organic acids are sensitive to roasting process and their concentration decreases
rapidly with increasing roast level. Ginz et al. (2000) suggest that organic acids content
is significantly lost, after roasting temperature reach 210 °C (Jham et al. 2007; Wan
Kamarul Zaman, Loh, & Mohd Esa 2019).
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3.3.5. Acrylamide content in different roast level coffee /
Akrilamida koncentracija daZdada grauzdejuma pakapes kafija

The acrylamide content at first showed increasing trend with roast level (Fig.3.8.),
although it reached the peak value in medium roasted coffee (310 pg kg?) and then
rapidly decreased in dark roasted coffee (260 pg kg?). In this study acrylamide content
was lower than Regulation (EU) No 2158/2017 benchmark levels for the presence of
acrylamide in roasted coffee (400 pg kg™).'?

It has been suggested that acrylamide is formed from reducing carbohydrates and
asparagine during Maillard reaction. However, there was no correlation found between
aspartic acid (asparagine) and acrylamide content in coffee (Bagdonaite, Derler, &
Murkovic 2008; Bertuzzi et al. 2020).
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Fig. 3.8. Acrylamide content in different roast level coffee /
3.8. att. Akrilamida koncentracija daZdda grauzdéjuma pakapes kafija

Alternative acrylamide formation has been reported by Guenther et al. (2007).
Acrylamide could be formed through amino-dihydroxylation or pyrolytic reactions.
Serine and cysteine could convert pyruvic acid to lactic acid and generate acrylamide in
these reactions. This could be one of the possible explanations for acrylamide formation
in the present study, because the serine and cysteine content has negative correlation with
acrylamide content. Scientific opinions vary about the peak point of acrylamide content
decrease, whereas roasting temperature parameters varies by the used roasting machine
in specific studies and the batch size. The time and temperature ratio could be the potential
markers for detecting the peak point. For example, Bagdonaite & Murkovic (2004)
reported the highest acrylamide content at 220 °C for five minutes and 240 °C for five
minutes of roasting while roasting at the same temperature for the same temperature 10
to 15 minutes, the acrylamide content decreased. Another study showed the highest
acrylamide peak point after 10 minutes of roasting at 175-177 °C and a rapid decrease
after 14 minutes of roasting at 203—205 °C (Bertuzzi et al. 2020). It can be seen from the
previous studies that the highest acrylamide content was detected after the “first crack”
when the deeper bean cells with potential acrylamide precursors are exposed to the heat

12 Official Journal of the European Union (2017) Commission Regulation (EU) 2158/2017
[online] [viewed on 20. January 2022] Retrieved from https:/eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32017R2158&from=EN
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(Bagdonaite & Murkovic 2004; Oestreich-Janzen 2014; Bertuzzi et al. 2020; Endeshaw
& Belay 2020).

Summary of 3.3. The impact of the roasting process on chemical composition and
sensory profile in specialty coffee from Colombia / Kopsavilkums par 3.3.
GrauzdeSanas procesa ietekme uz kimisko sastavu specialty kafija no Kolumbijas

The highest total and individual phenolic and flavonoid content was found in light
roasted coffee (291.85 mg GAE 100 mL?; 18.26 mg CE 100 mL™) and it decreased with
increased roast level. From volatile compound point of view, the light roasted coffee had
higher content of volatiles associated with fruity, creamy, and caramelised aroma, flavour
characteristics, while the dark roast coffee had higher content of volatiles such as phenolic
acids which are associated with smoky, burnt aroma and flavour characteristics. Dark
roast coffee had the lowest acrylamide concentration, organic acid content, and the
highest pH in coffee brew, which would be more suitable for coffee consumers with
gastro esophageal reflux symptoms.

Vislielakais kopéjo un individualo fenola un flavonoidu saturs tika konstatéts viegli
grauzdeétd kafija (291,85 mg GAE 100 mL™; 18,26 mg 100 mL™Y), un to saturs samazindjas
palielinoties grauzdejuma pakapei. Viegl grauzdeéta kafija bija bitiski vairak gaistoso
savienojumu, kuriem raksturigas auglu, karameles aromata un garsas ipasibas. Savukart
tumsi grauzdetaja kafija bija vairak gaistoso savienojumu, pieméram, 2-metoksifenols,
kas saistits ar dumu, piedeguma arvomatu. Tumsi grauzdetaja kafijai bija zemaka
akrilamida koncentracija, organisko skabju un lielaks pH. Viegli grauzdeta kafija biitu
piemérota specialty kafijas patérétajiem, kuri novérté sensoras ipasibas, kas tiek izceltas
grauzdeésanas laika, tacu kafijas paterétajiem ar gastroezofageala refluksa simptomiem
piemérotaka biitu tumsi grauzdéta kafija.

3.4. Aroma-active compound perception in different roast and brew coffee by gas
chromatography-olfactometry /
DaZadi grauzdetas un pagatavotas kafijas aromatveidojoSo savienojumu uztveres
izvertejums, izmantojot gazu hromatografiju-olfaktometriju

Gas-chromatography-olfactometry (GC-O) method allows detecting and describing
volatile compound associated aromas. Although coffee has been studied profusely by
GC-O, there is a limited research on aroma-active compound perception in different roast
and brew coffee. The aim of research stage IV was to form a chromatography-
olfactometry vocabulary and evaluate aroma-active compound perception in differently
roasted and brewed coffee samples.

3.4.1. Gas chromatography-olfactometry (GC-O) vocabulary /
Gazu hromatografijas-olfaktometrijas (GC-0) vardnicas izveide

From detected 56 volatile compounds (Appendix 1), 30 were reported as aroma-
active compounds. The olfactory panellists could identify 23 different aromas. Aroma
profile, frequency of detection, and associated volatiles for different roast and brew coffee
samples is summarised in Appendix 2.

The aroma attribute frequencies within coffee samples is illustrated in Fig. 3.9, the
most frequent attributes were sweet, musty, leather, skunky, burnt, and nutty (identified
7-15 times).
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Fig. 3.9. Aroma attribute frequency within coffee samples /
3.9. att. Aromatu ipasibu biezums kafijas paraugos

Sample codes: The first letter represents the roast level (L-light; M—medium; D—dark); the second letter
represents the brewing technique (D—automatic drip; F—French press) / Kafijas paraugu kodi: Pirmais burts
apzime grauzdeSanas pakapi (L-Viegls; M—videjs; D—tumss); otrs burts apzimé pagatavosanas metodi
(D—automatiska filtra; F—francu preses).

By Pearson's chi-squared test no significant differences between aroma attribute
frequencies and coffee samples were found, although significant differences were
detected between aroma-active compounds and aroma attributes.

Most frequent aroma attributes associated with volatiles in differently roast level
and brew coffee samples are described in olfactometry vocabulary in Table 3.10. Sweet,
the most frequent attribute, was linked with six different volatile compounds.

Benzene acetaldehyde (7) was associated with sweet aroma in all roast levels
samples, except in the light French sample, where it was associated with a sharp, sweet
aroma.
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Table 3.10/ 3.10 tabula

Olfactometry vocabulary of aroma-active compound perception in different roast
and brew coffee / Dazadi grauzdétas un pagatavotas kafijas aromatveidojoso
savienojumu uztveres olfaktometrijas vardnica (Laukaleja & Koppel 2021)

Aroma Attribute /

Coffee sample

Volatile compounds associated with the aroma /

Aromatu pasibas é;’gﬁjg;i GaistoSie savienojumi
LD 3-furanmethanol / 3-furanmetanols (23);
benzeneacetaldehyde / fenilacetaldehids (7)
LF benzeneacetaldehyde / fenilacetaldehids (7); 1-(6-
methyl-2-pyrazinyl)-1-ethanone / 1-(6-metil-2-pirazinil)-
1-etanons (37)
MD 3-furanmethanol / 3-furanmetanols (23); 2-ethyl-6-
methylpyrazine / 2-etil-6-metilpirazins (42);
benzeneacetaldehyde / fenilacetaldehids (7)
Sweet / Salds MF  [3-furanmethanol / 3-firanmeianols (23); 1-(2-furanyl)-2-
butanone / 1-(2-furanil)-2-butanons (29)
DD benzeneacetaldehyde / fenilacetaldehids (7);
nonanal / nonanals (11)
DF 3-furanmethanol / 3-furanmetanols (23);
benzeneacetaldehyde / fenilacetaldehids (7);
1,2-dihydrolinalool / 1,2-dihidrolinalols (53);
4-ethyl-2-methoxyphenol / 4-etilguaiacols (35)
LD methylpyrazine / metilpirazins (44)
LF 2,6-dimethylprazine / 2,6-dimetilprazins (39); 2-ethyl-3-
methylpyrazine / 2-etil-3-metilpirazins (40); 2,3-diethyl-
5-methylpyrazine / 2,3-dietil-5-metilpirazins (38)
MD 2,2’-methylenebisfuran / 2,2'-metilénbisfurans (18);
Musty / Mitra nonanal / nonanals (11); tetradecane / tetradekans (12)
pagraba, peléjuma MF 3-ethyl-2,5-dimethylpyrazine / 3-etil-2,5-dimetilpirazins
(45); tetradecane / tetradekans (12)
DD methylpyrazine / metilpirazins (44); 2-(2-furanylmethyl)-
5-methylfuran / 2-(2-furanilmetil)-5-metilfurans (16)
DF 1-(2-Furanyl)-ethanone / 1-(2-Furanil)-etanons (30);
2,2’-methylenebisfuran / 2,2'-metilénbisfurans (18)
LD 2,3-diethyl-5-methylpyrazine / 2,3-dietil-5-metilpirazins
(38); 2-n-heptylfuran / 2-n-heptilfurans (22); 4-hydroxy-
2-methylacetophenone /
4-hidroksi-2-metilacetofenons (36);
1-dodecanol / 1-dodekanols (56)
MD 3-ethyl-2,5-dimethylpyrazine / 3-etil-2,5-dimetilpirazins
- (45); 1-(1H-pyrrol-2-yl)-ethanone /
L eather / Adas 1-(1H-pirol-2-il)-etanons (28);
2-n-heptylfuran (22); 1-dodecanol / 1-dodekanols (56)
DD 1-(1H-pyrrol-2-yl)-ethanone /
1-(1H-pirol-2-il)-etanons (28);
2-n-heptylfuran / 2-n-heptilfurans (22)
DF 1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons

(28)
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Continued Table 3.10/ 3.10. tabulas turpinajums

Coffee
Aroma Attribute / sample / Volatile compounds associated with the aroma /
Aromatu ipasibas Kafijas GaistoSie savienojumi
paraugi*
LE methylpyrazine / metilpirazins (44);
n-(2-cyanoethyl)-pyrrole / n-(2-cianetil)-pirols (51)
MD 2-methylbutanal / 2-metilbutanals (2);
Skunky / Skunksa MF methylpyrazine / metilpirazins (44)
DD methylpyrazine / metilpirazins (44)
DE 2-methylbutanal / 2-metilbutanals (2);
methylpyrazine / metilpirazins (44)
LD tetradecane / tetradekans (12)
LF 2-methylbutanal / 2-metilbutanals (2)
2-methylbutanal / 2-metilbutanals (2); nonanal /
MD nonandals (11); 4-hydroxy-2-methylacetophenone / 4-
Burnt / Deguma hidroksi-2-metilacetofenons (36)
2-methylbutanal / 2-metilbutanals (2); 4-hydroxy-2-
MF methylacetophenone / 4-hidroksi-2-metilacetofenons
(36)
LD 1-(2-furanylmethyl)-1H-pyrrole /
1-(2-furanilmetil)-1H-pirols (48)
1-butanol, 3-methyl-acetate / izoamilacetats (13);
LF 2,6-dimethylprazine / 2,6-dimetilprazins (39);
. 2-ethyl-3-methylpyrazine / 2-etil-3-metilpirazins (40)
Nutty / Riekstu MD 2-(2-furanylmethyl)-5-methylfuran / 2-(2-
furanilmetil)-5-metilfurans (16)
MF nonanal / nonanals (11)
DD 1-(2-furanylmethyl)-1H-pyrrole /
1-(2-furanilmetil)-1H-pirols (48)

* Sample codes: The first letter represents the roast level (L-light; M—medium; D—dark); the second letter
represents the brewing technique (D—automatic drip; F—French press) / Kafijas paraugu kodi: Pirmais burts
apzimé grauzdésanas pakapi (L-viegls; M—vidéjs; D—tumss), otrs burts apzime pagatavoSanas metodi (D—
automatiska filtra; F—francu preses).

** The numbers in bold represent volatile compound in line with Appendix 1 / Skaitli izcelti treknraksta
apzimé gaistoso savienojumu saskana ar 1. pielikumu.

The benzeneacetaldehyde (7) has been associated with sweet, fruity aroma in
previous publications, (Qin et al. 2011; Chen, Chiang, & Chung 2019). In light, medium
drip coffee and medium, dark French press coffee samples 3-furanmethanol (23) was
associated with sweet aroma, while in previous studies 3-furanmethanol (23) has not been
identified as an aroma-active compound. In dark French coffee two different aroma-active
compounds were detected, apart from benzeneacetaldehyde (7) and 3-furanmethanol
(23), (1,2-dihydrolinalool (53); 4-ethyl-2-methoxyphenol (35)).

Musty aroma attribute was associated with ten different volatile compounds.
Interestingly, musty aroma has been linked with ketones and sulphur containing
compounds, while in the present study they are associated with pyrazines (Mayuoni-
Kirshinbaum et al. 2012; Laukaleja & Koppel 2021; Pinsuwan et al. 2022).
Methylpyrazine (44) was detected and associated with musty aroma in light and dark drip
coffee. Musty aroma in Light French coffee was associated with 2,3-diethyl-5-
methylpyrazine (38) 2,6-dimethylprazine (39), 2-ethyl-3-methylpyrazine (40), while
medium French coffee associated 2,3-diethyl-5-methylpyrazine (45) with musty aroma.
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The leather aroma was detected 11 times in coffee samples and was associated with
7 aroma-active compounds.

In dark roast coffee samples 1-(1H-pyrrol-2-yl)-ethanone (28) was associated with
leather aroma, while in drip coffee samples — 2-n-heptylfuran (22) and 4-hydroxy-2-
methylacetophenone (36). In previous studies leather aroma has been associated with
volatile compounds in wines or herbs but rarely in coffee (Falcdo et al. 2008; Sanchez-
Palomo et al. 2017). The 2-n-heptylfuran (22) has been identified in espresso coffee
samples as a coffee aroma quality marker (Greco et al. 2021) and 3-ethyl-2,5-
dimethylpyrazine (32) has been reported to have chocolate and nutty aroma in roasted
coffee samples (L6opez-Galilea et al. 2006).

Skunky aroma was detected nine times by the panellists and were associated with
four aroma-active compounds. The methylpyrazine (44) and 2-methylbutanal (2) volatiles
were associated with skunky aroma in almost all samples. In previous studies skunky
aroma has been associated with thiols, for example, 3-methyl-2-butene-1-thiol (Fors
1983; Delahunty, Eyres, & Dufour 2006; Dulsat-Serra, Quintanilla-Casas, & Vichi 2016).

Burnt and Nutty aroma attributes were detected seven times. The burnt aroma was
associated with four aroma-active compounds. The nutty aroma was associated with six
aroma-active compounds. In light French coffee the nutty aroma was to most frequent
and associated with three different aroma-active compounds (2,6-dimethylprazine (39),
2-ethyl-3-methylpyrazine (40), 1-butanol, 3-methyl-acetate (13)). These volatiles have
associated with nutty and roasted aroma in Caporaso et al. (2018) study.

Aroma attributes such as floral, berry were only detected 1-2 times and only in light
medium coffee samples. It is important to understand that volatile compound associated
aroma can be impacted by the concentration of it and it could be one of the reasons why
in this study perceived volatile compound aromas are different with previous studies.
Nonanal (11) has been associated with nutty, musty smoky aroma, while in previous
studies nonanal (11) was described with waxy and smoky aroma (Akiyama et al. 2007;
Piccino et al. 2014). Laukaleja & Koppel (2021) has mentioned that not only the
concentration and roast level but also the specific food product could impact the aroma-
active compound perception. For example, Chin, Eyres, & Marriott (2011) in their study
about Merlot wine volatile profile associated nonanal with strong fatty aroma, meanwhile
Xia et al. (2015) in soymilk aromatic lexicon linked nonanal with peanut, beany aroma.

3.4.2. Principal component analysis / Galveno komponentu analize

Principal Component Analysis (PCA) illustrates (Fig. 3.10) the roasting and
brewing process impact on the volatile and aroma active compound content, and GC-O
aroma frequencies. The first two principal components explained 59.19 % (36.49 % and
22.69 %, respectively) variation in the data. The first principal component separated the
samples by the roast levels, while the second component separated the samples based on
the brewing technique. The first principal component samples were characterised by
volatile  such as  5-methyl-2-furancarboxaldehyde  (5), dodecanal (9),
2,2’-methylenebisfuran acetate (21), 1-(2-furanyl)-2-butanone (29), 2,6-dimethylprazine
(39), methylpyrazine (44), 4-amino-2-methoxypyrimidine (47), and also with GC-O
aromas such as sweet, nutty, vegetable, waxy, spice, Smoky.
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Fig. 3.10. Scatter plot of PCA scores associated with volatile compounds (VC),
aroma-active compounds (AAC) and aroma attributes /
3.10. att. Izkliedes diagramma, kas ilustré galveno komponensu analizes vértejumu
asocidcijas ar gaistosajiems avienojumiem (VC), aromatu veidojosiem savienojumiem
(AAC) un aromata ipastbam

The second principal component samples were characterised by 2-
[(methyldithio)methyl]-furan (20), 2,3-diethyl-5-methylpyrazine (38), dimethyl trisulfide
(52), 1-dodecanol (56) volatile compounds and GC-O aromas such as grainy, leather,
musty, skunky, buttery aromas.

Dark roast drip coffee had a stronger correlation with volatile compounds that were
not found aroma-active. Compounds such as 2,2’-[oxybis(methylene)] bisfuran (17), 2-
furanmethanol, acetate (21), 4-amino-2-methoxypyrimidine (47) were not identified as
aroma-active, although, they have proven a positive correlation with roast level and a
negative  correlation with sensory quality. In the present study 2’-
[oxybis(methylene)]bisfuran (17) concentration increases with the roast level, and in
previous studies showed that higher 2’-[oxybis(methylene)]bisfuran (17) concentration
associated with common roast defects (Yang et al. 2016; Laukaleja & Kruma 2019b).
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Studies report that the sharp aroma attributes found in dark roasted coffees are associated
with pyrrole compounds (Moon & Shibamoto 2009; Cordoba et al. 2019). Both pyrolles
and pyridines are formed in pyroline thermal degradation process (Laukaleja & Koppel
2021). Meanwhile, the light roast French press coffee showed strong association with the
majority of aroma-active compounds. For example, aroma-active compounds such as
2,2’-bifuran (19), 2,6-dimethylprazine (39), 1-(6-methyl-2-pyrazinyl)-1-ethanone (37)
where only found in French press coffee. Also, the light roast French press coffee was
associated with several GC-O aroma frequencies (roasted, smoky, nutty, sharp, berry).
The PCA confirms that the aroma-active compounds and volatile compounds with
GC-O aroma frequencies divide the samples by their roast levels the brewing technique.

Summary of 3.4. Aroma-active compound perception in differently roasted and
brewed coffees by gas chromatography-olfactometry / Kopsavilkums par 3.4.
Aromatu veidojoSo savienojumu uztvere ar gazu hromatografiju-olfaktometriju

daZadi grauzdeta un daZadi pagatavota kafija

The olfactory vocabulary for coffee brews was developed by evaluating coffee
samples with three different roast profiles and two different brewing techniques by nasal
impact frequency method. From detected 56 volatile compounds, 30 were identified as
aroma-active. The olfactory panellists detected 23 aromas linked to aroma-active
compounds. The most frequent aroma attributes were sweet, musty, leather, skunky,
burnt, and nutty, which were identified 7-15 times in all samples. Light French coffee
showed the widest aroma attribute profile (including attributes as sharp, garlic berry). In
dark roasted coffee samples most frequent aroma attributes were sweet and musty
(identified 46 times). Both roasting, brewing process as well as the concentration of the
volatile compound had significant impact on the aroma-active compound perception. The
PCA analysis confirmed that samples were clustered by roast levels and brewing
techniques. The future research could apply this olfactory vocabulary to create more
objective lexicons for differently roasted coffee brews.

Kafijas dzérienu gazu hromatografijas-olfaktometrijas vardnica tika izstradata,
novertéjot tris dazadas grauzdésanas pakapes un divas kafijas pagatavosanas metodes,
izmantojot “nasal impact frequency” metodi. No 56 gaistoSajiem savienojumiem, 30 tika
izvirziti ka aromdtveidojosi, un vértétaji spéeja identificét 23 dazadus aromdtus. Biezakie
aromati bija salds, mitra pagraba, adas, skunska, dedzinats un riekstu. Sie aromati tika
identificeéti visos paraugos 7—-15 reizes. Viegli grauzdeta francu preses kafija tika
konstatets visplasakais aromata ipasibu profils (ieskaitot tadus aromatus ka ass, kiploku,
ogu). Tumsi grauzdéta kafija visbiezak gaistoSie savienojumi tika identificéti ar aromatu
notim, ka salds un mitra pagraba (biezums: 4—6 reizes). Gan grauzdesanas pakape, gan
pagatavosanas metode biitiski ietekméja aromatveidojoso savienojumu uztveri. Galveno
komponensu analize apstipringja So secindjumu, vizuali ilustrejot datu sadalijumu péc
grauzdesanas pakapem un pagatavosanas metodéem. legitos datus var pielietot kafijas
aromatu leksikona izveidei.
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3.5. Consumer's perception of specialty coffee with potentially increased bioactive
compound content / Pateretdju sensorais novértéjums par dazada grauzdéjuma
kafijam ar iespéjami lielaku biologiski aktivo savienojumu koncentraciju

Bioactive compounds in coffee are present in higher concentrations in light roast
coffee. With a light roast level, it is possible to maintain higher biologically active
compound content and highlight specialty coffee sensory characteristics such as pleasant
acidity, fruity and sweet aroma notes (Laukaleja, Kruma, & Cinkmanis 2022). However,
most coffee consumers associate coffee with darker roast sensory attributes. The aim of
the research stage V was to analyse regular coffee consumer's perception of specialty
coffee brews and their purchase interest, knowing it has potentially increased antioxidant
level.

3.5.1. Consumer coffee consumption habits / Paterétaju kafijas patérina ieradumi

A dendrogram illustrated by agglomerative hierarchical clustering (AHC) of coffee
consumers (Fig. 3.11), shows that based on the dissimilarity of overall liking scores and
purchase intent 90 consumers were classified into two groups (Cluster 1 (n=45) and
Cluster 2 (n=45).
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Fig. 3.11. A dendrogram of agglomerative hierarchical clustering (AHC)
illustrating coffee consumers based on overall liking scores and purchase intent /
3.11. att. Patérétaju aglomerativa hierarhisko klasteru analizes (AHC) dendrogramma
peéc kafijas patiksanas novertéejuma un vélmes iegadaties kafiju

Data further was analysed regarding consumer group (Cluster_1 and Cluster_2).
The Table 3.11 illustrates frequency distribution of coffee consumer groups by gender
and age. In this study, the dominant were fem ale coffee consumers (n=33 Cluster_1 and
30=n Cluster_2). Cluster 1 had younger consumers from 18-24 and 25-34 age groups,
while cluster 2 had more consumers from 35-44 and 55-64 age groups.

By Fisher's exact test there was no association between gender and consumer
groups (p=0.646) and age and consumer groups (p=0.734). Also, ANOVA with pairwise
comparison by Tukey’s HSD test did not a show significant association between age and
purchase intent.

Previous studies reported no association between gender and willingness to buy
products with potential health benefits (Urala & L&hteenmaki 2007; Corso, Kalschne, &
Benassi 2018). However, some studies have found an association between age and overall
liking or purchase intent. The main statement is that with increasing age there is a positive
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correlation with purchase intent of food products with health benefits (Verbeke 2005;
Mikotajczyk-Stecyna et al. 2021).

Table 3.11/ 3.11. tabula
Demographic characteristics of consumers by Consumer groups /
Patéretaju demogrdfiskie raditaji péc patérétaju grupu sadalijuma

Demographic characteristics / Consumer group / Patérétdju grupa
Demogridfiskie raditaji Cluster 1./ Cluster 2./
1. Klasteris 2. Klasteris
Gender / Dzimums
Female / Sieviete 33 30
Male / Virietis 12 15
Age group / Vecuma grupa

18-24 8 4

25-34 16 13

35-44 4 6

45-54 4 4

55-64 9 13

64+ 4 5

From the data in Appendix 3, it is apparent that most of the consumer’s drink coffee
at least once a day, and 54% of them chose automatic drip coffee (25.6% Cluster_1 and
28.9% Cluster_2). Similar to Czarniecka-Skubina et al. (2021) study majority of Polish
consumers drink coffee at home (42.2%) and at work (34.4%). In contrast with this study,
the location where consumers drink coffee had a significant difference between different
consumer cluster groups in Poland.

Fig. 3.12 illustrates that from 90 consumers, 70% believe coffee effect on health
depends on how much is consumed (33.3% Cluster 1 and 36.7% Cluster_2). Both
consumer groups believe that coffee has more positive than negative effects on health
(16.6% Cluster_1 and 8.9% Cluster_2).
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Fig. 3.12. Consumer coffee consumption habits /
3.12. att. Patérétaju kafijas patérina ieradumi
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It is apparent that some of the consumer habits are more dominant than others,
although by Fisher's exact test there was no association between cluster groups and coffee
consumption habits. To determine consumer consumption habit's possible impact on
overall liking scores ANOV A was performed following pairwise comparison by Tukey’s
HSD test. No significant differences were detected between consumer consumption
habits and coffee sample liking scores. What is striking about the data, the coffee
consumers from both groups had opposite liking scores of automatic drip coffee samples
and no correlation or significant impact was found between consumer preferred coffee
brew method and cluster group or liking scores.

Kalschne et al. (2018) propose that age, schooling, income, and understanding
about functional food health benefits had a positive correlation with acceptance of
functional foods (including coffee). Other previous studies indicate that knowledge about
the quality standards and nutritional value of specific food products increase the
possibility to purchase the product regardless of sensory factors (Bech-Larsen & Grunert
2003; Lee, Bonn, & Cho 2013; Sepulveda et al. 2016)

3.5.2. Coffee sensory attribute liking scores and purchase intent /
Kafijas sensoro ipasibu patikSanas novéréjums un velme iegadaties

It can be seen in Table 3.12 that consumers from cluster 1 showed significantly
higher liking scores for all sensory attributes (mean scores between 5.87—6.76), while
cluster 2 consumers showed significantly lower liking scores for all sensory attributes
(mean scores between 3.22-5.84). Overall like, aroma and flavour attribute liking scores
between consumer group*sample interaction are significantly different, except overall
texture (p=0.20).

Tabula 3.12 / 3.12. tabula
Consumer mean liking scores (9-point Hedonic scale) for sensory attributes of
coffee samples / Patérétaju kafijas paraugu sensoro ipasibu novértéjums, izmantojot 9

punku hédonisko skalu
Consumer Sensory attributes /Sensoras ipasibas

group / Sample / Overall like / Overall Overall Overall
Pateretaju Paraugs Patikiana aroma / flavour / texture /
grupa Aromats Garsa Tekstiira

LD 6.38 a 6.42a 6.44 a 6.51a

Cluster 1/ LF 6.69 a 6.49 a 6.76 a 6.31ab

1. Klasteris MD 6.22 a 6.16 ab 6.18 a 6.42 a
MF 5.87 ab 5.89 abc 5.89 a 6.18 ab

LD 3.93 cd 5.02 cd 3.91 be 5.13¢

Cluster 2 / LF 3.22d 456d 3.24c¢c 4.47c
2. Klasteris MD 4.38 cd 5.84 abc 4.33 bc 5.31 bc
MF 4.69 bc 5.20 bcd 4.68b 5.33 bc

Within columns, numbers followed by a different letter are significantly different (p<0.05), following
pairwise comparison by Tukey HSD test / Vertibas, atzimétas ar atskirigiem burtiem kolonds, norada uz
bittiskam atskiribam starp kafijas paraugiem (p<0.05)

Even though no significant differences were detected between four sample liking
scores for sensory attributes, light roast coffee samples were more liked by consumers
from Cluster_1 and medium roast coffee samples by consumers from Cluster_2. LF (light
roast French press) coffee sample was scored the highest for overall like, aroma, flavour
by cluster 1 and the lowest by Cluster_2. By the present results, previous studies have
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demonstrated that overall aroma and flavour have a positive correlation to overall
acceptance while evaluating C.arabica and C.canephora coffee samples (Kalschne et al.
2018; Donfrancesco, Gutierrez Guzman, & Chambers 2019). It is interesting to notice,
that consumers from Cluster_2 gave lower liking scores after tasting the coffee, while
consumers from Cluster_1 scored coffee samples slightly higher after tasting. Fig. 3.13
demonstrates Cluster_1 consumer’s likeliness to purchase different roast and brew coffee,
knowing it has a high antioxidant content is significantly higher than Cluster_2
consumers. Consumer group* sample interaction have a significant effect on purchase
intent (p<0.001), following a similar pattern as overall like and flavour scores.

3.38a 3.40a 3.33a

w
(62}
!

2.96 ab

1 2151 bc f.47 bc
1.98 cd
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Mean purchase intent score / Videjas

LD LF MD MF
Coffee samples / Kafijas paraugi

m Consumer-Cluster_1 Consumer-Cluster_2

Fig 3.13. Consumer purchase intent / 3.13. att. Patérétaju velme iegadaties kafiju
Numbers followed by a different letter are significantly different (p<0.05), following pairwise comparison
by Tukey HSD test / Vertibas atzimeétas ar atSkirigiem burtiem nordda uz biutiskam atskirtbam starp kafijas
paraugiem (p<0.05)

Sensory attribute liking scores by both consumer groups had a positive correlation
to purchase intent (Table 3.13). Overall aroma and texture of coffee samples showed the
weakest correlation with purchase intent for both clusters.

Tabula 3.13/ 3.13. tabula

Kendall correlations between consumers’ sensory attribute liking scores and
consumer’s likeliness to purchase coffee, knowing it has a high antioxidant content
| Kendala t korelacija starp patéerétaju sensOro ipasibu novértejumu un patéretaju velmi

pirkt kafiju
Correlation = Sensory attributes / Sensoras ipasibas
g Consumer group/ | Overall Overall Overall Overall
| Korelacija . .
(tau) Pateretaju grupa like / aroma / flavour / texture /
Patiksana Aromats Garsa Tekstiira
Cluster 1/
Purchase intent / 1. Klasteris 0.618 0.435 0.595 0.476
Velme iegadaties Cluster 2 /
2 Klasteris 0.650 0.354 0.657 0.420

Values in bold are different from 0 with a significance level alpha=0.05 / Verfibas treknraksta norada uz
bitisku koreldciju starp sensoro ipastbu un patérétaju velmi pirkt kafiju (p<0.05)
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The strongest correlation to purchase intent for cluster 1 consumers was overall
liking of coffee samples and for Cluster_2 the overall flavour of coffee samples. This
could indicate that for Cluster_2 consumers purchase intent and overall liking of coffee
samples could be impacted by unpleasant flavour or taste aspects.

From the correlation and penalty analysis this study supports Verbeke (2005)
statement that consumers are not willing to choose healthier products if they don’t prefer
the taste of it. Previous studies have insisted to analyse consumer beliefs about
antioxidants and coffee quality factors to better understand their willingness to purchase
coffee as a functional food (Urala & L&hteenméki 2007; Cavalli & Tavani 2016; Corso,
Kalschne, & Benassi 2018).

3.5.3. Just-about-right (JAR) data and penalty analysis of coffee consumer groups
and coffee samples / Kafijas patérétaju grupu un kafijas paraugu “Penalty” analize

Penalty analysis with Just-About-Right (JAR) frequencies and mean drops are
shown in Appendix 4.

The data indicate that bitterness and sourness significantly affect the overall liking
of coffee samples, especially for Cluster_2 consumers. The consumers from Cluster_2
evaluated all coffee samples as too bitter and too sour. Cluster_1 LF coffee sample had
the highest selection of JAR for sourness (69%) and bitterness (69%) of coffee (Fig.3.14).
Meanwhile, 73% of cluster 2 consumers evaluated the LF sample sourness as “Too much”
and 56% bitterness as “Too much”.

The findings are in accordance with overall flavour liking scores presented in Table
3.14, where cluster 1 liked the flavour of the LF sample the most and Cluster_2 the least
from all four coffee samples. This table also illustrates that Cluster_2 customers strongly
penalize the French press coffee (LF and MF) when they consider it too sour, and
automatic drip coffee (LD and MD) when they consider it too sour and bitter. Also, the
mean drops are significantly different from 0, including overall penalty, which indicates
the significant impact of flavour attributes to overall like of coffee sample. Only bitterness
of French press coffee did not have a significant impact or concerning mean drop on
cluster 2 consumer liking of coffee sample.

For Cluster_1 automatic drip coffee (LD and MD) sample bitterness, the overall
penalties are slight significant, including “too much” mean drops, while the bitterness of
French press (LF and MF) coffee samples did not have a significant impact on Cluster_1
consumer overall liking scores. On the contrary, sourness had a significant impact on
overall liking scores for all four samples by Cluster_1 consumer, even though Cluster_1
consumers mostly selected JAR (44-69%) for the sourness of coffee samples.

Comparing the Table 3.13 correlation coefficients with the Appendix 4, the
significance of the penalties confirms the possibility that sourness and bitterness is the
key factors for Cluster_2 consumers overall like and purchase intent of coffee.

This study supports evidence from previous observations of (Cotter et al. 2021)
where the sourness of coffee samples was strongly penalized by consumers who were
more conservative with coffee flavour attributes. Bhumiratana et al. (2019) study about
coffee drinking experience and emotions concluded that coffees with higher acidity
consumers associated with “guilt”, “off-balance”, and “bored” emotions.
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Fig. 3.14. Just-about-right (JAR) scale of coffee sample sensory attributes /
3.14. att. Kafijas paraugu sensoro ipasitbu novértéjums, izmantojot Just-about-right
(JAR) skalu
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Cocoa, burnt and bitter notes were associated with positive emotions. A possible
explanation for acidic taste dislike among coffee consumers could be the unfamiliar
association with regular coffee flavour.

Summary of 3.5. Consumer’s perception of different roast level coffee brews with
potentially increased bioactive compound content / Kopsavilkums par 3.5.
Pateretaju sensorais novertéjums par daZada grauzdejuma kafijam ar iespejami
lielaku biologiski aktivo savienojumu koncentraciju

The findings of this study suggest that there is an association between sensory
attribute liking scores and purchase intent among black coffee consumers. Consumer
gender, age, and coffee consumption habits had no significant impact on the overall liking
scores of coffee samples.

There was a significant difference between the two consumer groups' sensory
attribute liking scores of all four coffee samples (Cluster_1 most frequent liking score 6
and 7 (“like slight” and “like moderately”). Cluster_1 consumers selected all coffee
sample sourness and bitterness ‘just-about-right”, while a majority of Cluster_ 2
consumers evaluated all coffee sample sourness and bitterness as “too much”. Penalty
analysis confirms that coffee sample sourness and bitterness could significantly impact
both consumer group liking scores and purchase intent. A strong positive correlation was
found between consumers, who evaluated coffee bitterness and sourness as “too much”,
overall flavour liking scores, and purchase intent. Information about possible high
antioxidant content in coffee did not influence consumers' willingness to purchase coffee.

Taken together, these results propose that consumer sensitivity to sour and bitter
taste of coffee should be evaluated when analysing overall sensory attribute liking and
purchase intent. A greater focus on consumer education about coffee, nutrition science,
rural/urban divide could produce interesting findings that could help understand the
preferable coffee flavour triggers. Further investigation is required to accurately
understand the role of health effect information about coffee on purchase intent.

Peétijuma rezultati pierada, ka pastav saistiba starp sensoro ipasibu patikSanas
raditdjiem un melnas kafijas patérétdaju pirksanas nodomu. Patérétaju demografiskie
raditaji un kafijas patérina paradumi biitiski neietekméja kopéjos kafijas paraugu
patiksanas raditajus.

Bitiskas atskiribas tika konstatétas starp abu patéretaju grupu kafijas paraugu
sensoro ipaSibu novertésanas raditajiem. “Penalty” analizes rezultati noradija, ka 1.
klastera pateretaji lieldkoties novértéja visu kafijas parauga skabumu un rigtumu ar
“JAR” rezultatu. Savukart lielaka dala 2. klastera patérétaju noverteja visu kafijas
paraugu skabumu un rigtumu ar atzimi “parak daudz”. “Penlaty” analize apstiprina,
ka kafijas parauga skabums un riigtums var biitiski ietekmét gan patérétaju grupu
patiksanas raditajus, gan vélmi iegadaties kafiju. Izteikti pozitiva korelacija tika
konstatéeta starp patérétdjiem, kuri kafijas riugtumu un skabumu novertéja ka “parak
daudz”, garsas patiksanas raditajiem un pirksanas vélmi.

Rezultati nordada, ka, informacija par iespéjami palielinatu antioksidantu saturu
kafija neietekméja patérétaju velmi iegadaties kafiju. Analizéjot sensords ipasibas,
patiksanas slieksni un pirksanas velmi, ir biitiski nemt véra patérétaju jutibu pret skabu
un rigtu kafijas garsu. Padzilinati petijumi ir nepieciesami, lai izvértétu, vai informdcija
par kafijas ietekmi uz veselibu ietekmé patérétaja velmi iegadaties produktu.
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CONCLUSIONS

. The selected SPME fibre coating significantly effects the specialty coffee volatile
compound detection. The CAR/PDMS was the only fibre which extracted
significantly more important volatile compounds in specialty coffee brew with
higher peak areas in all chemical compound groups, except phenolic compounds.

. A positive correlation was found between final cup quality scores and total
phenolic, flavonoid content for Roastery_1 coffee brews and a negative correlation
between final cup quality scores and total phenolic, flavonoid content and ABTS™,
DPPH- radical scavenging activity for Roastery 2 coffee brews. These results
indicate that the roastery-specific roasting process parameters could influence
volatile compounds profile and the total and individual phenolic compound content.
. The total phenolic, flavonoid content (291.85 mg GAE mL7Y,
18.26 mg CE mL™) and individual phenolic such as 3,5-dihydroxybenzoic acid
(217.24 mg 100 mL™), chlorogenic acid (117.54 mg 100 mL™) and rutin (9.70 mg
100 mL™) content was the highest in light roast coffee, and their content degreased
with increasing roast level.

. The roasting levels did not show direct associations with the amino acid profile,
although strong correlations were observed between several amino acids in medium
roast level coffee. While the fatty acid content was the highest in medium roast and
the lowest in the light roast coffee.

. With olfactory vocabulary of specialty coffee brews, 23 aromas and 30 aroma-
active compounds were identified.

. The most frequent aromas of specialty coffee volatiles were associated with sweet,
musty, leather, skunky, burnt, and nutty aromas.

. Penalty analysis confirmed that sourness and bitterness of coffee brew could
significantly impact both consumer group liking scores and purchase intent.

. A significant correlation was detected between sensory attribute liking scores and
purchase intent among black coffee consumers. Information about possible high
antioxidant content in coffee did not influence consumers' willingness to purchase
coffee.

. The results of the research rejects the hypothesis that coffee consumers would
prefer specialty coffee due to increased bioactive compound content by adjusted
roast level.
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SECINAJUMI

. Cietas fazes mikro ekstrakcijas Skiedras izvele bitiski ietekmé gaistoSo

savienojumu noteikSanu specialty kafija. CAR/PDMS bija vieniga Skiedra, kas
sp&ja uzradit ieveérojami vairak nozimigo gaistoSu savienojumu ar lielakiem smailu
laukumiem no visam kimiskajam klasém, iznemot fenolu savienojumus.

. Tika konstat@ta pozitiva korelacija starp sensoras kvalitates novertéjuma raditajiem

un kopgjo fenolu, flavonoidu saturu Roastery 1 kafijas paraugos un negativa
korelacija starp sensoras kvalitates noveértéjuma raditajiem un kop€jo fenola,
flavonoidu saturu un ABTS™, DPPH- antitradikalo aktivitati Roastery 2 Kkafijas
paraugos. Rezultati apliecina, ka grauzdétajiem raksturigie grauzdéSanas parametri
var ietekm@t gaistoSo savienojumu profilu un kop€jo, individualo fenola
savienojumu saturu.

. Vislielakais kopgjo fenolu, flavonoidu saturs (291.85 mg GAE 100 mL™; 18.26 mg

CE 100 mL™) un atsevisko fenolu ka, 3,5-dihidroksibenzoskabes (217.24 mg 100
mL?), hlorogénskabes (117.54 mg 100 mL™?) un rutina (9.70 mg 100 mL™) tika
konstatets gaisSi grauzdeta kafija un to saturs samazinajas palielinoties grauzdéjuma
pakapei.

. Grauzdesanas pakapes neuzradija tieSu saistibu ar aminoskabju profilu, lai gan starp

vairakam aminoskabém tika novérotas spécigas korelacijas vidéja grauzdéjuma
pakapes kafija. Savukart, taukskabju saturs bija vislielakais vidéji grauzdéta kafija
un vismazakais viegli grauzdéta kafija.

. Izmantojot olfaktorisko specialty kafijas dz€rienu vardnicu, tika noteikti 23 aromati

un 30 aromatu veidojosi savienojumi.

. Biezakie aromati specialty kafijas gaistoSajiem savienojumiem tika asociéti ar

saldumu, pelejumu/mitru pagrabu, adu, skunksu, degumu un riekstiem.

. “Penlaty” analize apstiprina, ka kafijas parauga skabums un rigtums var butiski

ietekmét gan patérétaju grupu patikSanas raditajus, gan vélmi iegadaties kafiju.

. P&tijuma rezultati pierada, ka pastav saistiba starp sensoro ipasibu patikSanas

raditajiem un melnas kafijas patérétaju pirkSanas nodomu. Informacija par
iesp&jami palielinatu antioksidantu saturu kafija neietekméja patérétaju velmi
iegadaties kafiju.

10. Pétijumu iegitie rezultati noraida hipotézi, ka pielagojot grauzdéSanas pakapi,

kafijas patérétaji dotu priekSroku specialty kafijai tas palielinato biologiski aktivo
savienojumu satura del.
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Volatile compound profile in differently roasted and brewed coffee /
GaistoSo savienojumu sastavs dazadi grauzdeta un pagatavota kafija (Laukaleja & Koppel 2021)

Appendix 1/ 1. Pielikums

Volatile compound peak area means /
C}:(ngs/ e;') Kl*ief- Volatile compounds / Gaistosie savienojumi Gaistoso savienojumu pika laukuma videéjas vertibas, % + SD
' LD LF MD MF DD DF
Aldehydes / Aldehidi
1vC | 1104 | 1010° Lmetny Ill'mpgfr'g'gi;j‘ggg‘;';:%:e / n/a n/a n/a 281049 | 2.68+0.14a | 0.3420.02b
2_AAC n/a 6533 2-methylbutanal / 2-metilbutanals*** 3.88+1.94bc | 6.55+0.50a | 3.44+0.54bc | 4.71+0.37b | 2.44+0.39c | 3.5%0.20bc
3_AAC n/a 5373 2-methylpropanal / 2-metilpropanals*** 2.33+0.65ab | 2.36x0.72a 0.57+0.26d | 1.92+0.30abc |1.34+0.13cd | 1.56+0.26bc
4 VC n/a 655° 3-methylbutanal / 3-metilpropanals*** 3.34+0.84ab | 4.11+0.55a | 2.19+0.34bc | 2.21+1.12bc | 1.54+0.15c | 2.3+0.42bc
5VC | 1043 | 963° 5?nTe?%l2:5222:22222?22?335*1 13.15£0.80a | 10.24+0.96b | 9.37:0.87b | 9.32+0.59b | 7.07+0.55c | 6.7+0.21c
6 VC 912 960° Benzaldehyde / Benzaldehids*** n/a 1.21+0.16a n/a 1.12+0.11ab | 0.974£0.10b | 0.36+0.03c
7 AAC | 1088 | 10513 Benzeneacetaldehyde / Fenilacetaldehids™*** 1.01+0.28b 1.28+0.12a | 0.90+0.12bc | 1.07+0.11ab | 0.69+0.08c | 0.91+0.06hc
8 VC 1285 | 12093 Decanal / Dekanals 0.51+0.07a n/a n/a n/a 0.50+0.06a n/a
9 VC 1212 | 1385¢ Dodecanal / Dodekanals 0.12+0.09a 0.07£0.02a n/a n/a n/a n/a
10 VvVC 836 8123 Hexanal / Heksanals 0.81+0.29 n/a n/a n/a n/a n/a
11_AAC | 1094 10713 Nonanal / Nonanals* 1.25+0.12ab | 1.2+0.13ab 1.5+0.46a 1.25+0.29ab |1.16+0.11ab| 1.00+0.06b
Total Aldehydes / Kopéjie aldehidi 26.40 27.02 17.97 24.40 18.39 16.67
Alkanes / Alkani
12_AAC | 1407 | 1400° Tetradecane / Tetradekans 0.34+0.09a 0.24+0.14a 0.33+0.18a 0.35+0.18a | 0.33+0.09a n/a
Esters / Esteri
13 AAC | 832 864° 1-Butanol, 3-methyl-acetate / Izoamilacetats n/a 1.12+0.55 n/a n/a n/a n/a
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Continued appendix 1/ 1. Pielikuma turpindjums

Volatile compound peak area mean /
C;é)(?(fsl el)fl KL£Ef' Volatile compounds / Gaistosie savienojumi Gaistoso savienojumu pika laukuma videéjas vertibas, % + SD
P- LD LF MD MF DD DF
14 VC | 1200 | 12083 |  Butanoicacid, -methyl-, 2-furanylmethyl ester / n/a n/a n/a 107+0a | 0.91+0.08b |0.43+0.03c
Butanskabes 3-metil-, 2-furanilmetilesteris
15 vC 1228 1200° Methyl salicylate / Metilsalicilats*** 1.19+0.11ab | 1.14+0.10abc | 1.12+0.17bc | 1.35+0.16a 0.93+0.05¢c |0.17+0.15ab
Total Esters / Kopéjie Esteri 1.19 1.69 1.12 2.42 1.84 1.60
Furans / Furani
16_AAC | 1164 | 1184° 2-(2-Furanylmethyl)-5-methylfuran / 0.75:0.26d | 1.05:0.08c | 1.19+0.17c | 1.54+0.08b | 1.14%0.13c |1.81+0.10a
2-(2-Furanilmetil)-5-metilfurans
2,2’-[Oxybis(methylene)]bisfuran / 2,2 -
8

17 VvC 1237 1292 [Oksibis(metilen)] bisfurdns™* 0.64+0.16¢ 0.59+0.10c | 1.02+0.15b |1.09+0.05ab | 1.04+0.15b |1.2640.10a
18_AAC | 1077 | 1061! 2,2’-Methylenebisfuran / 2,2'-Metilénbisfurans *** 0.89+0.50e | 1.55+0.27d 2.4+0.63c |3.12+0.11ab| 2.52+0.25bc | 3.61+0.07a
19 AAC | 1082 | 10478 2,2"-Bifuran / 2,2'-Bifurans n/a 1.27 £0.15 n/a n/a n/a n/a
20 AAC | 1459 | 1472 2'[(Methy'd'th'o)methy'};‘;;as” I 2-[(Metilditio)metil]- n/a 0.03+0.03b na | 0.05+0.04a n/a 0.05+0.04a

21 VC | 930 | 998° Z'F“ra“metha“o'égzgj‘stﬂf'F”m”’”e‘“”‘”“ 0.36+4.65c | 9.930.75bc | 13.792.05a | 13.87+0.36a| 13.68:094ab | 1534038
22 AAC | 1170 | 11778 2-n-Heptylfuran / 2-n-Heptilfurans 0.75+0.38a n/a 0.99+0.06a n/a 0.85+0.07a |0.84+0.42a
23 AAC | na | 835 3-Furanmethanol / 3-Furdnmetanols™** 11.65+7.20a | 13.57+2.33a 15'2250'98 5.39+0.65b | 11.97+1.15a 12'31:1'21

24 VVC 1207 | 1238° 3-Phenylfuran / 3-Fenilfurans n/a n/a n/a n/a 2.00+1.42a |0.62+0.03b

25 VC | na | 776 Dihydro-2-methyl-3(2H)-furanone / 117+055a | 1.15¢0.19a | 1.11+0.13a | 0.36+0.15b | 0.72+0.30ab |©-87£0-05

Dihidro-2-metil-3(2H)-furanons b

26_VC n/a 828° Furfural / Furfurols 8.7149.13a | 6.97+7.64a | 9.89+1.98a | 9.27+0.65a | 6.88+1.077a | 5.7+0.13a

27_AAC | 958 8758 Furfuryl formate / Furfurilformiats 3.56+7.15a n/a n/a n/a 0.55+0.19a | 0.26+0.04a
Total Furans / Kopéjie furani 49.12 49.41 64.08 54.31 59.77 60.56
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Code / _ Volatile compound peak area mean /
Kods KI exp.|KI ref. ** Volatile compounds / Gaistosie savienojumi GaistoSo savienojumu pika laukuma videjas vertibas, % £ SD
LD | LF | ™MD | MF | DD | LD
Ketones / Ketoni
28 AAC| 1171 | 1064° |1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons *** |  0.91+0.45b 0.95+0.23b | 1.19+0.10b n/a 1.04+0.08b | 2.09+0.24a
29 AAC| 1092 | 1078° 1-(2-Furanyl)-2-butanone / 1-(2-Furanil)-2-butanons n/a n/a n/a 0.73+0.21a | 0.62+0.20a | 0.85+0.39a
30 AAC| 970 882! 1-(2-Furanyl)-ethanone / 1-(2-Furanil)-etanons*** 1.96+0.23a | 1.82+0.20ab | 1.88+0.17ab |1.88+0.05ab | 1.65+0.09b | 1.61+0.09b
31_VC | 1036 9858 1-(Acetyloxy)-2-butanone / 1-(Acetiloksi)-2-butanons 0.2+0.06b n/a n/a 0.49+0.24a | 0.56+0.05a n/a
32.VC | 788 786! 2,3-hexanedione / 2,3-heksandions *** 1.08+0.26ab | 1.23+0.18a | 1.03+0.14ab |1.12+0.14ab| 0.88+0.10b | 1.06+0.16ab
33 VC | 937 987° 6-methyl-5-hepten-2-one / 6-metil-5-hepten-2-ons n/a n/a n/a n/a 0.15+0.08 n/a
Total Ketones / Kopéjie ketoni 4.15 4.00 4.10 4.22 491 5.61
Phenolic compounds / Fenolu savienojumi
34 VC | 1050 | 1086° 2-Methoxy-phenol / 2-Metoksifenols n/a n/a n/a n/a n/a 2.33+0.18
35 AAC| 1311 | 12993 4-Ethyl-2-methoxyphenol / 4-Etilguaiacols*** 0.4+0.04c 0.374£0.03c | 0.25+0.0d | 0.66+0.03b | 0.65+0.11b | 0.80+0.07a
36 AAC| 1213 | nia 4-Hydroxy-2-methylacetophenone / 4-Hidroksi-2- 3.2940.60ab | 4.08+0.96a | 3.2+1.74ab | 1.57+0.31b |3.18+0.62ab | 3.11+0.46ab
metilacetofenons
Total Phenolic compounds / Kopéjie fenolu savienojumi 3.69 4.45 3.54 2.23 3.83 6.24
Pyrazines / Pirazini
37 AAC| 1074 | 1083t 1-(6-Methyl-2-pyrazinyl)-1-ethanone / 0.7+0.07a | 0.65£0.13a n/a nia na nia
1-(6-Metil-2-pirazinil)-1-etanons
38 AAC| 1128 | 1153% |(2,3-Diethyl-5-methylpyrazine / 2,3-Dietil-5-metilpirazins***| 0.34+0.04cd | 0.3+0.03bc | 0.35+0.01c | 0.43+0.03a | 0.30+0.02d | 0.42+0.03ab
39 AAC| 976 906’ 2,6-Dimethylprazine / 2,6-Dimetilprazins 5.26+0.33a 5.2+0.99a | 4.68+1.45a | 4.65+1.23a | 4.02+1.25a | 4.4+1.32a
40 AAC| 978 1004° 2-Ethyl-3-methylpyrazine / 2-Etil-3-metilpirazins 3.11+1.69a 3.44+1.71a | 4.14+0.25a | 4.46+0.24a | 3.64+0.14a n/a
41 VC | 942 9737 2-Ethyl-5-methylpyrazine / 2-Etil-5-metilpirazins n/a n/a n/a n/a n/a 2.9+1.17
42 AAC| 974 969’ 2-Ethyl-6-methylpyrazine / 2-Etil-6-metilpirazins *** n/a 2.284+0.22a | 2.09+0.04a | 2.13+0.12a | 1.8+0.07b | 1.71+0.06b
43 VC | 1130 | 1184° 3,5-Diethyl-2-methylpyrazine / 3,5-Dietil-2-metilpirazins n/a 0.61+0.04a | 0.61+0.03a | 0.67+0.03a | 0.51+0.04a | 0.51+0.25a
44 AAC| nla 7941 Methylpyrazine / Metilpirazins 4.36+0.42a 3.39+£1.77 | 3.474£0.16b | 2.92+1.44c | 2.97+£0.19c | 2.96+0.14c
45 AAC| 1017 | 1078° 3-Ethyl-2,5-dimethylpyrazine / 3-Etil-2,5-dimetilpirazins 2.63+1.07a | 3.17+0.25a | 3.12+0.15a | 3.33+0.16a | 2.73+£0.13a | 2.98+0.20a
Total Pyrazines / Kopéjie pirazini 16.4 18.55 17.88 17.95 15.5 15.66
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Code / _ Volatile compound peak area mean /
Kods Kl exp. | KI ref. ** Volatile compounds / Gaistosie savienojumi GaistoSo savienojumu pika laukuma videjas vertibas, % + SD
LD | LD ] LD | LD LD | LD
Pyridines / Piridini
46 VC | n/a | 717" | Pyridine / Piridins* | 374+0.26b | nla | 4.92+0.97a | 5.25+0.36a | 5.61+0.59a | 5.29+0.26a
Pyrimidine / Pirimidini
47 VC j'am.'“o'z'memox.ypyr'r.”'_d'“e/ n/a n/a 0.16£0.17b | 0.3420.02a | 0.29+0.02a | 0.310.03a
-amino-2-metoksipirimidins™**
Pyrroles / Piroli
48 AAC| 1146 | 1149 1-(2-furanylmethyl)-1H-pyrrole / 279+022b | 2.86+0.11b | nfa | 3.55+0.15a | 2.91+0.16a | 3.49+0.19a
- 1-(2-furanilmetil)-1H-pirols***
49 VC | 1053 | 1059° 1-pentyl-1H-pyrrole / 1-pentil-1H-pirols n/a n/a n/a n/a 0.25+0.10b | 0.34+0.02a
50 VC | 1389 | 13872 3-methylindole / 3-metilindols n/a n/a n/a n/a n/a 0.08+0.01
51 AAC| 953 n/a N-(2-Cyanoethyl)-pyrrole / N-(2-Cianetil)-pirols*** 1.19+0.15a | 1.17+0.10ab | 1.16+0.06ab | 1.24+0.08a | 1.03+0.04b | 1.11+0.02ab
Total Pyrroles / Kopéjie piroli 3.98 4.03 1.32 5.13 1.57 5.33
Sulphur compounds / Séru saturosi savienojumi
52 AAC| n/a | 967%> | Dimethyl trisulfide / Dimetiltrisulfids*** | 0.57+0.41c [ 0.92+0.07b | n/a | 0.62+0.31c | 1.96+0.75a | n/a
Terpenes / Terpéni
53 AAC| 1128 | 1121' 1,2-Dihydrolinalool / 1,2-Dihidrolinalols n/a n/a n/a n/a n/a 0.76x0.04
54 VC | 1105 | 1104° Linalool / Linalols** 1.13+006ab | 1.28+0.09 | 147x0.15ab | 7 100% | 0.91:0.06¢ | 1.120.07b
55_VC | 1226 | 1106° Maltol / Maltols*** 0.48+0.43b | 0.45+0.33b | 0.70+0.17a | 0.96+0.32a n/a 0.81+0.53a
56_AAC| 1433 | 1476° 1-Dodecanol / 1-Dodekanols*** 0.46+0.18b 0.14+0.03c | 0.77+0.41a n/a 0.43+0.16b | 0.17+0.10c
Total Terpenes / Kopéjie terpéni 2.64 2.79 2.64 2.75 3.3 2.84
Total Volatiles / Kopéjie gaistoSie savienojumi 107.57 111.94 112.65 113.4 109.11 114,51

n/a—not available
*The volatile compounds (VC-number of the compound), aroma-active compounds (AAC-number of the compound).

**Kovats retention index compared using the National Institute of Standards and Technology (NIST) library of compounds (NIST/EPA/NIH mass spectral library, version 2.2, 2014)
and literature 'DB-1 column (Blanco Tirado et al. 1995; Takeoka, Perrino, & Buttery 1996; Lin & Rouseff 2001; Odri et al. 2007; Lee, Kim, & Lee 2017); 2DB-5 column (Angeloni
et al. 2020); °DB-5 MS column (Gémez & Ledbetter 1994; Lee, Suriyaphan, & Cadwallader 2001; Schirack et al. 2006; Whetstine et al. 2006; Cho et al. 2008; Majcher, Lawrowski,
& Jelen 2010; Paravisini et al. 2015); *HP-5 column (Lef & Dalrymple-Alford 2005); SHP-5 MS column (Juliani et al. 2004; Kim et al. 2006; Radulovic, Blagojevic, & Palic 2010;
Qin et al. 2011); °*0OV-101 column (Shibamoto, Kamiya, & Mihara 1981); "SPB-5 column (Piccino et al. 2014); 8SLB-5MS column (Risticevic, Carasek, & Pawliszyn 2008).
***Different letters (a, b, ¢) indicate the statistically significant difference between samples of a compound at p<0.05
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Appendix 2 / 2. Pielikums

Aroma profile, frequency of detection, and associated volatiles for differently roasted and
brewed coffee samples / Aromatu sastavs, noteiktas frekvences un saistitie gaistoSie savienojumi
dazada grauzdejuma un pagatavoSanas metodes kafijas (Laukaleja & Koppel 2021)

Aroma
Aroma detection Coffee
Attribute / frequency / sample / Volatile compounds associated with the aroma /
Aromata Aromata Kafijas GaistoSie savienojumi saistiti ar aromatu™**
ipasiba noteiksanas paraugs*
biezums
LD 3-furanmethanol / 3-furanmetanols (23); benzeneacetaldehyde
| fenilacetaldehids (7)
LE benzeneacetaldehyde / fenilacetaldehids (7); 1-(6-methyl-2-
pyrazinyl)-1-ethanone / 1-(6-metil-2-pirazinil)-1-etanons (37)
3-furanmethanol / 3-furanmetanols (23); 2-ethyl-6-
MD methylpyrazine / 2-etil-6-metilpirazins (42);
benzeneacetaldehyde / fenilacetaldehids (7)
Sweet / Salds 15 ME 3-furanmethanol / 3-furanmetanols (23); 1-(2-furanyl)-2-
butanone / 1-(2-furanil)-2-butanons (29)
DD benzeneacetaldehyde / fenilacetaldehids (7);
nonanal / nonanals (11)
3-furanmethanol / 3-furanmetanols (23); benzeneacetaldehyde
DE | fenilacetaldehids (7);
1,2-dihydrolinalool / 1,2-dihidrolinalols (53);
4-ethyl-2-methoxyphenol / 4-etilguaiacols (35)
LD methylpyrazine / metilpirazins (44)
2,6-dimethylprazine / 2,6-dimetilprazins (39); 2-ethyl-3-
LF methylpyrazine / 2-etil-3-metilpirazins (40); 2,3-diethyl-5-
methylpyrazine / 2,3-dietil-5-metilpirazins (38)
. 2,2’-methylenebisfuran / 2,2"-metilenbisfurans (18); nonanal /
Musty / 'E)/Ialltra 13 MD nonandals (11); tetradecane / tetradekans (12)
p??e_r.zma ME 3-ethyl-2,5-dimethylpyrazine / 3-etil-2,5-dimetilpirazins (45);
petg tetradecane / tetradekans (12)
DD methylpyrazine / metilpirazins (44); 2-(2-furanylmethyl)-5-
methylfuran / 2-(2-furanilmetil)-5-metilfurans (16)
DE 1-(2-Furanyl)-ethanone / 1-(2-Furanil)-etanons (30); 2,2’-
methylenebisfuran / 2,2'-metilenbisfurans (18)
2,3-diethyl-5-methylpyrazine / 2,3-dietil-5-metilpirazins (38);
LD 2-n-heptylfuran / 2-n-heptilfurans (22); 4-hydroxy-2-
methylacetophenone / 4-hidroksi-2-metilacetofenons (36);
1-dodecanol / 1-dodekanols (56)
_ 3-ethyl-2,5-dimethylpyrazine / 3-etil-2,5-dimetilpirazins (45);
Leather / Adas 1 MD 1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons (28);
2-n-heptylfuran (22); 1-dodecanol / 1-dodekanols (56)
DD 1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons (28);
2-n-heptylfuran / 2-n-heptilfurans (22)
DF 1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons (28)
LE methylpyrazine / metilpirazins (44);
n-(2-cyanoethyl)-pyrrole / n-(2-cianetil)-pirols (51)
MD 2-methylbutanal / 2-metilbutanals (2);
Skunky / methylpyrazine / metilpirazins (44)
Skunska 9 ME 2-methylbutanal / 2-metilbutanals (2);
methylpyrazine / metilpirazins (44)
DD methylpyrazine / metilpirazins (44)
DE 2-methylbutanal / 2-metilbutanals (2);

methylpyrazine / metilpirazins (44)
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Continued appendix 2 / 2. Pielikuma turpindjums

Aroma
Aroma detection Coffee
Attribute / frequency / sample / Volatile compounds associated with the aroma /
Aromata Aromata Kafijas GaistoSie savienojumi saistiti ar aromatu**
ipasiba noteiksanas paraugs*
biezums
LD tetradecane / tetradekans (12)
LF 2-methylbutanal / 2-metilbutanals (2)
Burnt / 2-methylbutanal / 2-metilbutanals (2); nonanal / nonanals
D 7 MD (11); 4-hydroxy-2-methylacetophenone / 4-hidroksi-2-
eguma .
metilacetofenons (36)
ME 2-methylbutanal / 2-metilbutanals (2); 4-hydroxy-2-
methylacetophenone / 4-hidroksi-2-metilacetofenons (36)
LD 1-(2-furanylmethyl)-1H-pyrrole /
1-(2-furanilmetil)-1H-pirols (48)
1-butanol, 3-methyl-acetate / izoamilacetats (13);
LF 2,6-dimethylprazine / 2,6-dimetilprazins (39);
Nutty / 7 2-ethyl-3-methylpyrazine / 2-etil-3-metilpirazins (40)
Riekstu 2-(2-furanylmethyl)-5-methylfuran / 2-(2-furanilmetil)-5-
MD N
metilfurans (16)
MF nonanal / nonanals (11)
DD 1-(2-furanylmethyl)-1H-pyrrole /
1-(2-furanilmetil)-1H-pirols (48)
LD
LF 2-methylpropanal / 2-metilpropanals (3)
Buttery / 6 MD
Sviesta MF
DE 2-methylpropanal / 2-metilpropanals (3);
2-methylbutanal / 2-metilbutanals (2)
LD
LF
Sweat / MD o
Sviedru 6 ME n-(2-cyanoethyl)-pyrrole / n-(2-cianetil)-pirols (51)
DD
DF
LD
Boiled potato / LF
Vartitu 5 MF 1-(2-furanyl)-ethanone / 1-(2-furanil)-etanons (30)
kartupelu DD
DF
LD 1-dodecanol / 1-dodekanols (56)
LE 2,3-diethyl-5-methylpyrazine /
Green_/ Zalas 4 2,3-dietil-5-metilpirazins (38)
zdles 2,2’-methylenebisfuran / 2,2"-metilenbisfurans (18);
MD 2,3-diethyl-5-methylpyrazine / 2,3-dietil-5-metilpirazins
(38)
LD
Mushroom / 4 LF dimethyl trisulfide / dimetiltrisulfids (52)
Senu MF
DD
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Continued appendix 2 / 2. Pielikuma turpindjums

Aroma
Aroma detection Coffee
Attribute / frequency / sample / Volatile compounds associated with the aroma /
Aromata Aromata Kafijas GaistoSie savienojumi saistiti ar aromatu**
ipasiba noteiksanas paraugs*
biezums
1-(2-furanylmethyl)-1H-pyrrole /
LD 1-(2-furanilmetil)-1H-pirols (48);
Vegetable / 4 1-dodecanol / 1-dodekanols (56)
Darzenu LF 2,2'-bifuran / 2,2'-bifurans (19)
DD 1-(2-furanylmethyl)-1H-pyrrole /
1-(2-furanilmetil)-1H-pirols (48)
Grainy / LF 1-butanol, 3-methyl-acetate / izoamilacetats (13)
Graudu 3 MD tetradecane / tetradekans (12)
DD 2-methylbutanal / 2-metilbutanals (2)
LD 2-methylbutanal / 2-metilbutanals (2)
Smoky / 3 LE 2-[(methyldithio)methyl]-furan /
Diimu 2-[(metilditio)metil]-firans (20)
MF nonanal / nonanals (11)
Roasted / 2 LE 2-[(methyldithio)methyl]-furan / 2-[(metilditio)metil]-firans
Grauzdets (20); 2-methylbutanal / 2-metilbutandls (2)
Chemical / 2 LD 2-ethyl-3-methylpyrazine / 2-etil-3-metilpirazins (40)
Kimisks MD 2-ethyl-6-methylpyrazine / 2-etil-6-metilpirazins (42)
Floral / Ziedu 5 MD benzeneacetaldehyde / fenilacetaldehids (7)
MF 1-(2-furanyl)-2-butanone / 1-(2-furanil)-2-butanons (29)
%2%?;@';?;;! 1 DD 1-(2-furanyl)-2-butanone / 1-(2-furanil)-2-butanons (29)
gﬁ(‘;ﬁé 1 DF 4-ethyl-2-methoxyphenol / 4-etilguaiacols (35)
Sharp / Asa 1 LF benzeneacetaldehyde / fenilacetaldehids (7)
[ngl'(')% 1 LF 2.2"bifuran / 2,2-bifurans (19)
Waxy / Vaska 1 DD 2-ethyl-3-methylpyrazine / 2-etil-3-metilpirazins (40)
Berry / Ogu 1 LF 3-furanmethanol / 3-furanmetanols (23)

“The first letter represents the roast level (L—light; M—medium; D—dark); the second letter represents the brewing
technique (D—automatic drip; F—French press) / Pirmais burts apzimé grauzdésanas pakapi (L-Viegls; M—videjs;
D—tumss); otrs burts apzimé pagatavosanas metodi (D—automatiska filtra; F—francu preses).

“(n) represents the number of the compound in line with Appendix 1/ (n) — kartas numurs savienojumiem, saskana

ar 1. pielikumu
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Appendix 3/ 3. Pielikums
Frequency distribution of consumer coffee consumption habit answers /
Patéretaju atbildes par kafijas patérina ieradumiem (frekvences sadalijums)

Consumer group /

Coffee consumption habits / Kafijas patérina ieradumi (%) Patéretaju grupa (%)
Cluster 1/ Cluster 2/
1. Klasteris 2. Klasteris
How often do you usually drink coffee? / Cik biezi Jiis dzeriet kafiju?
About 2-3 times per week / Aptuveni 2-3 reizes nedela (10) 4.4 5.6
About one time per day / Aptuvei vienu reizi diena (43.3) 20 23.3
More than once per day / BieZak, ka vienu reizi diena (46.7) 25.6 21.1
Where do you usually purchase coffee? / Kur Jiis viesbiezak iegadajieties kafiju?
I am not purchasing the coffee / Es neiegadajos kafiju (7.8) 2.2 5.6
Local market / Vietéja tirgi (5.6) 3.3 2.2
Local mini mart/ Vietéja mini veikala (1.1) 1.1 0
Restaurant/cafeteria / Restorana/kafejnica (5.6) 1.1 4.4
Specialty coffee shop / Specialty kafijas veikala (32.2) 17.8 14.4
Supermarket / Lielveikala (47.8) 24.4 23.3
Where do you usually drink coffee? / Kur Jiis visbieZak dzeriet kafiju?
At home / Majas (42.2) 22.2 20
At work / Darba (34.4) 13.3 21.1
In a coffee shop / Kafejnica (10) 7.8 2.2
On my way to work/home / Cela uz darbu/majam (12.2) 5.6 6.7
Other / Citur (1.1) 1.1 0
In your opinion, what specialty coffee means? / Jisuprat, ko nozimé specialty kafija?
Coffee with a cup score of 80+ points / 29 11
Kafija ar kvalitates novértejumu 80+ punktiem (3.3) ' '
Flavored coffee drinks which usually can buy in coffee shops / 16.7 10
Kafijas dzérienu kokteili, kurus pagatavo kafejnicas (26.7) '
I don’t know / ES nezinu (6.7) 2.2 4.4
Organic/ Fair trade coffee (5.6) 4.4 1.1
Other / Cits (4.4) 0 4.4
“Gourmet” high-quality coffee / Gurmentu augstas kvalitates kafija (53.3) 24.4 28.9
What kind of coffee do you usually drink? / Ka kafiju Jis visbieZak dzeiriet?
Automatic drip / Filtra kafijas automata (54.4) 25.6 28.9
Cold brew / Auksti brivéta kafija (4.4) 2.2 2.2
Espresso / Espresso (3.3) 2.2 1.1
Frappuccino or blended drink / Frapucino un mikseti kafijas dzérieni (3.3) 0 3.3
French press / Francu preses kafija (10) 6.7 3.3
Latte or Cappuccino / Espresso bazes, piena dzerieni (20) 10 10
Other / Cits (2.2) 1.1 1.1
Pour over / Filtra kafija (2.2) 2.2 0

In your opinion, what kind of effect coffee has on health? /
Jusuprat, kada ir kafijas ietekme uz veselibu?

I don't know / Es nezinu (3.3) 1.1 2.2

It depends on how much is consumed /

Tas ir atkarigs no uznemta kafijas daudzuma (70) 333 36.7
Negative / Negativa (2.2) 0 2.2
Positive / Pozitiva (24.4) 15.6 8.9
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Penalty analysis of coffee brew penalty analysis / Penalty analize kafijas dzérienu sensorajam ipasibam (Laukaleja & Koppel 2021)

Sample / Consumer group / Taste / Level / Limenis Frequencies / Overall like score / “Mean drons” | “Penalties” p-value /
Paraugs Patéretaju grupa Garsa Biezums, % Patiksanas novértejums P p-vertiba
Not sour enough /
Sourness / Nav pietiekams skabs 15.56 7.00 -0.04
Skabums JAR 53.33 6.96 1.24 0.01
Cluster 1/ Too sour / Parak skabs 31.11 5.07 1.89 0.00
1. Klasteris Not bitter enough /
Bitterness Nav pietiekams riigts 24.44 6.18 0.99 0.15
| Riigtums JAR 51.11 7.17 1.63 0.00
Too bitter / Parak riigts 24.44 4.91 2.27 0.00
LD Not sour enough /
Sourness / Nav pietiekams skabs 1111 4.60 1.20
Skabums JAR 22.22 5.80 2.40 0.00
Cluster 2/ Too sour / Parak skabs 66.67 3.20 2.60 0.00
2. Klasteris Not bitter enough /
Bitterness Nav pietiekams rigts 8.89 575 011
| Rigtums JAR 31.11 5.64 2.48 < 0.00
Too bitter / Parak riigts 60.00 2.78 2.87 <0.00
Not sour enough /
Sourness / Nav pietiekams skabs 1333 6.67 0.30
Skabums JAR 68.89 6.97 0.90 0.01
Cluster 1/ Too sour / Parak skabs 17.78 5.63 1.34
1. Klasteris Not bitter enough /
Bitterness Nav pietiekams rigts 15.56 6.714 0.12
| Rigtums JAR 68.89 6.84 0.48 0.16
Too bitter / Parak rigts 15.56 6.00 0.84
LF Not sour enough /
Sourness / Nav pietiekams skabs 1333 3.50 1.50
Skabums JAR 13.33 5.00 2.05 0.00
Cluster 2/ Too sour / Parak skabs 73.33 2.85 2.15 0.00
2. Klasteris Not bitter enough /
Bitterness Nav pietiekams rugts 17.78 3.75 0.08
| Riugtums JAR 26.67 3.83 0.83 0.11
Too bitter / Parak riigts 55.56 2.76 1.07 0.05
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Sample / Consumer group / Taste / Level / Limenis Frequencies / Overall like score / “Mean drops” | “Penalties” p-value /
Paraugs Patéretaju grupa Garsa Biezums, % Patiksanas novértejums p-vertiba
Not sour enough /
Sourness / Nav pietiekams skabs 1333 5.83 112
Skabums JAR 44.44 6.95 1.31 0.01
Cluster 1/ Too sour / Parak skabs 42.22 5.58 1.37 0.01
MP 1. Klasteris _ Not bitter enough / 17.78 6.38 0.36
Bitterness Navy pietiekams rigts
| Riigtums JAR 57.78 6.73 1.20 0.03
Too bitter / Parak rigts 24.44 491 1.82 0.00
Not sour enough /
Sourness / Nav pietiekams skabs 1111 3.40 2.99
Skabums JAR 28.89 6.39 2.82 < 0.00
Cluster 2/ Too sour / Parak skabs 60.00 3.59 2.79 < 0.0001
MD 2. Klasteris Not bitter enough / 8.89 550 011
Bitterness Nav pietiekams rigts ' ' '
| Rigtums JAR 40.00 5.61 2.06 0.00
Too bitter / Parak riigts 51.11 3.22 2.39 0.00
Not sour enough /
Sourness / Nav pietiekams skabs 17.78 5.88 0.54
Skabums JAR 53.33 6.42 1.18 0.03
Cluster 1/ Too sour / Parak skabs 28.89 4.85 1.57 0.01
1. Klasteris Not bitter enough /
Bitterness Nav pietiekams rigts 2222 6.50 0.12 0.98
| Rigtums JAR 46.67 6.38 0.96 0.08
Too bitter / Parak rigts 31.11 4.64 1.74 0.01
MF Not sour enough / 13.33 350 150
Sourness / Nav pietiekams skabs ' ' '
Skabums JAR 13.33 5.00 2.05 0.00
Cluster 2/ Too sour / Parak skabs 73.33 2.85 2.15 0.00
2. Klasteris Not bitter enough /
Bitterness Nav pietiekams rigts 17.78 3.75 0.08
| Rigtums JAR 26.67 3.83 0.83 0.11
Too bitter / Parak rigts 55.56 2.76 1.07 0.05
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