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TOPICALITY OF THE RESEARCH

The specialty coffee market rapid growth in the past decade confirms
consumer's interest in high-quality products. Specialty coffee stands for coffee
with high-quality standards and guidelines to highlight specific sensory
characteristics of coffee with limited defects during production stages
(Poltronieri & Rossi 2016; Urwin, Kesa, & Joao 2019). 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-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 consumers are not only interested in the
sensory 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 is 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 hypothesis of the doctoral thesis — coffee consumers would prefer
specialty coffee due to increased bioactive compound content by adjusted roast
level.

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

The hypothesis was confirmed by the five 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.

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

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.

APPROBATION OF THE SCIENTIFIC WORK

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.

Publication indexed in international citation databases SCOPUS or 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.



2. Laukaleja, I., & 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, 1, 215-221.
DOI:10.22616/rrd.25.2019.032.

3. 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.

4. 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.

5. 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.

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.

1. Laukaleja, 1., Koppel, K. Consumer’s perception of different roast degree
coffee brews with potentially increased bioactive compound content, The
14th Pangborn Sensory Science Symposium, Online, 2021, August 9-12
(Poster presentation)

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

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

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

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

6. Laukaleja, 1., Kruma, Z. 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, 2019, May 2-3 (Oral presentation)

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

8. Laukaleja, I., Kruma, Z. "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)

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

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 "8th 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.

Doktorantiiras studiju laikda promocijas darba autore praktizéjas Kanzasas
Stata universitates ‘“Patérétdju uzvedibas un sensords zindtnes’ centrd
(Amerikas Savienotajas Valstis), kurd tika veikta pétnieciska darba izstrade.
Prakses vietu un iespeju veikt pétniecisko darbibu nodrosinaja Baltijas Amerikas
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Brivibas fonda (BAFF) un Starptautiskas izglitibas apmainas padomes (CIEE)
pieskirta stipendija.
Promocijas darba izstrade lidzfinanséta:

» pétijuma programmas ‘“Zindtniskas kapacitates stiprinasana LLU”
(2018.-2020.) projekta Nr. 3.2-10/2018/LLU/74 “Specialty kafijas
biologiski aktivo savienojumu izmainas tehnologisko procesu ietekmé”
(222);

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

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

MATERIALS AND METHODS

Time and location of the research

Experimental work was conducted in the period from 2017 to 2022 in the
scientific laboratories of the Latvia University of Life Sciences and Technologies
and Center for Sensory Analysis and Consumer Behavior, Kansas State
University (USA).

Structure of the research
The research work consists of 5 stages (Table 1).

Table 1/ 1. tabula
Description of the research stages / Pétijuma posmu raksturojums

Stage /
Posms

Description / Raksturojums

Evaluation of a headspace solid-phase microextraction with different

Stage I/ | fibres for volatile compound determination in specialty coffee / Specialty

| posms kafijas gaistoso savienojumu analize, izmantojot Cetras daZadas cietas
fazes mikroekstrakcijas Skiedras

Influence of phenolic and volatile compound composition on specialty

?Itaggsrlrll; coffee cup quality / Fenolu un gaistoSo savienojumu satura ietekme uz
P specialty kafijas sensoro kvalitati
The impact of the roasting process on chemical composition and sensory
Stage 111/ A . . . o
111 posms profile in specialty coffee / Grauzdésanas procesa ietekme uz kimisko

sastavu specialty kafija
Aroma-active compound perception in different roast and brew coffee by
Stage IV / | gas chromatography-olfactometry / DaZadi grauzdétas un pagatavotas
IV posms kafijas aromatveidojoso savienojumu uztveres izvertéjums, izmantojot
gazu hromatografiju-olfaktometriju
Consumer's perception of specialty coffee with potentially increased

Stage V / bioactive compound content / Paterétaju sensorais novértéjums par
V posms dazada grauzdéjuma kafijam ar iespéjami lielaku biologiski aktivo

savienojumu koncentraciju




Description of used materials
Green and roasted Coffea arabica L. beans were purchased from local
specialty coffee roasteries or roasted at the site. By Specialty Coffee Association
standards and protocols, all coffee samples were qualified as specialty coffee

with >80 points.

Roasting parameters were adjusted according to green coffee bean density
and moisture content and the roaster parameters in order to achieve desired roast
level. Sample codes and roasting parameters are illustrated in Table 2.

Table 2/ 2. tabula
Analysed sample codes and roast level parameters /
Analizéto paraugu kodi un grauzdesanas pakapes parametri

Stage / | Sample code / Origin/ Roast Ievel_s:ettings/ Roast_evr/
Posms*| Parauga kods Izcelsmes valsts Gfa”Zdesanas . Gm.u Z({esanas
pakdapes parametri iekarta
*%* H H
H_1 Honduras / Honc_i_urasa I|g_ht-meQ|qu / Besca BSC-0L,
K 1 Kenya / Kenija viegls-vidéjs Turkey
I Cc1 Columbia / Kolumbija | (193 °C; 11 min)
M H_2** Honduras / Hondurasa Loring Smart
| E 1 Ethiopia / Etiopija light-medium / Roast
H_3** Honduras / Hondurasa viegls-vide'j; Kestrel35
E El Salvador / (205 °C; 11 min) USA
— Salvadora
. . light / viegls Diedrich IR-2.5
Light / Viegls (195 °C; 10 min) roasters
i Medium / medium / videjs (Diedrich
Vidéjs (200 °C; 11 min) Roasters,
. dark / tumss Ponderay, ID,
Dark / Tumss Colombia / (210 C; 12 min) USA)
LD*** Kolombija light / viegls Diedrich IR —
v LF*** (205 °C; 11 min) 2.5 roasters
v MD*** medium / vidgjs (Diedrich
MF*** (210 °C; 12 min) Roasters,
DD*** dark / tumss Ponderay, ID,
DF*** (215 °C; 13 min) USA)

[7] Samples are not represented at this stage / Paraugi nav iekjauti aja pétijuma posma

*Samples for stage | and |1 were purchased from two different specialty roasteries in Latvia, sample
for 111, 1V and V were roasted at the site of experimental work / Paraugi I un Il pétijuma posma tika
iegatati no divam specialty grauzdétavam Latvija, paraugi III, IV un V pétijuma posmam tika iegadati
**For H_1 sample natural processing method was applied, for H_2 sample — anaerobic processing
method, for H_3 — wet processing method / H 1 paraugam tika izmantota dabiga (sausa) parstrades
metode, H_2 paraugam tika izmantota anaeroba parstrades metode un H 3 — mazgata parstrades
metode. ***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 — vidéjs;, D — tumss), otrs burts apzimé pagatavoSanas metodi
(D — automatiska filtra; F — francu preses).



Methods used in the research
Methods of analyses applied in the research are summarised in Table 3.

Table 3/ 3. tabula

Standards and methods used for analysis /
Analizem izmantotie standarti un metodes

Stage / Parameters / Parameteri Standards and methods /
Posms Standarti un metodes
ABTS '+ radical scavenging activity
W |/ ABTS + antiradikala aktivitate Re etal. (1999)
1l Acrylamide / Akrilamids PB-39/GC ed. IV of 12.01.2018
v Consumer liking scores / Hedonic test / Hedoniskas skalas tests
Paterétaju patikSanas veértejums (1SO 11136:2014)
I Cup quality assessment / Sp.ecialty cgffee cu.pE) ing pro}oc_ql /
Kafijas kvalitdtes novértzums Specialty kafijas kvalitates novértesanas
: protokols (SCA 2015)
I DPPH' radical scavenging activity /| Brand-Willieams, Cuvelier, & Berset
DPPH’ antiradikala aktivitate (1995)
PN-EN ISO 12966-1:2015-01, PN-EN
i Fatty acids profile / ISO 12966-2:2017-05
Taukskabju profils except p.5.3 and 5.5, PN-EN ISO
12966-4:2015-07
Individual phenolics / Liquid chromatographyvmethod (HPLC)
I Atseviskie fenolu savienojumi I Augstefektivo Skidruma 5
T 4 hromatogrdfijas metode (AESH)
Moisture in green and roasted ISO 6673:2003 (green coffee)
I | coffee/ Ml””,;”s 2afd un grauzdeld | 9511994:1994 (roasted coffee)
afija %
1l Proteinogenic amino acids / PB-53/HPLC ed. Il of 30.12.2008
Proteinogénas aminoskabes
Samples sensory attribute Penalty analysis and Just-About-Right
V  |satisfaction rating / Sensoro ipasibu| (JAR) frequencies / Penalty analize un
patikSanas novértejums JAR biezuma meérijumi
. Zhishen, Mengcheng, & Jianming
1/ ];Ot?.l flavonmd E:;nter;t/ (1999); Zhishen, Mengcheng, &
péjais flavonoidu saturs Jianming (1999)
. Zhishen, Mengcheng, &Jianming
1/ 1l ?tal_phgnollclcontent/ (1999); Singleton, Orthofer, & Lamuela-
opéjais fenolu saturs Raventos (1999)
Volatile compounds / Gas chromatography method (GC) /
L m L Lo - e
GaistoSie savienojumi Gazes hromatogrdfijas metode
Volatile and aroma-active Gas chromatography-olfactometry
Y compounds / method (GC-O) /

GaistoSie un aromatveidojosie
savienojumi

Gazes hromatografijas-olfaktometrijas
metode
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In the stage I, different solid phase microextraction (SPME) fibre suitability
to efficiently extract volatile compounds from five specialty coffee samples was
evaluated. Four different solid-phase microextraction fibres were selected for
headspace  volatile  compound  extraction:  divinylbenzene/carboxen/
polydimethylsiloxane (DVB/CAR/PDMS); carboxen/ polydimethylsiloxane
(CAR/PDMS);  polydimethylsiloxane/  divinylbenzene  (PDMS/DVB);
polyacrylate (PA).

In stage 11 the influence of phenolic and volatile compound composition on
specialty coffee cup quality was evaluated.

In stage 111 the chemical composition of different roast level specialty coffee
was evaluated.

In stage 1V aroma-active compound perception in different roast and brew
specialty coffee was evaluated and gas chromatography-olfactometry vocabulary
was developed. Olfactometry vocabulary with 23 aroma attributes was
development and 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). After the second session, the
reference material list was finalised for 23 aroma attributes. Example of sensory
attributes from the reference material list is illustrated in Table 4.

Table 4/ 4. tabula
Attribute list, reference materials, and preparation of references /
Aromatu referencu materialu saraksts ar pagatavosanas noradém

Aroma Attribute / Reference / Preparation /
Aromats References materials** Pagatvosana ***
Serve four %2 inch cubes in a medium
Buttery / Sviesta Land O’Lakes Unsalted snifter with a watch glass / cetrus 7
butter / sviests collu kubinus novietot vidéja izméra
brendija glazé ar pulkstena stiklinu
2-inch strip of leather placed in a
Leather / ddas Ie§ther glovc_e/ mediL'Jm'snifter / 2_ .co.llu c_idas sloks_{ze,
adas cimdi kas ievietota videja izmera brendija
glazé ar pulkstena stiklinu
100,000 ppm in propylene glycol, three
. drops placed on a strip in a sealed tube /
Musty / Ml_tra Z_mEthOXy.phenol / 100 000 ppm propilénglikola no kura tris
pagraba/ peléejuma 2-metoksifenols . o o
pilienus uzpilina uz sloksnes un ievieto
noslégta mégené

The volatile compounds were tentatively 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.
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In stage V consumer's perception of specialty coffee was analysed. From 301
screened people, 90 black coffee consumers took part in this study. Consumers
were asked to answer nine demographic and coffee consumption-related
questions and to perform evaluation of four coffee samples. Four coffee samples
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.

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 | — 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 study used a 5-point scale (from 1=Definitely not; 2=Probably
not; 3=Possibly; 4=Probably; 5=Definitely) for purchase intent.

Statistical analysis

Shapiro-Wilk test was used for normality test at a significance level of 0.05,
and histograms visualised data distribution. To compare differences between the
means, single factor and multifactor analysis of variance (ANOVA) following
pairwise comparison by Tukey’s Honestly Significant Difference (HSD) test was
used (significant differences were stated if p<0.05). Agglomerative hierarchical
clustering (AHC) with Euclidean distance and Ward's method was used to
analyse dissimilarities between samples, consumers and SPME fibres. Principal
Components Analysis (PCA) was used to evaluate relationship between variables
and samples. Pearson’s and Kendall’s correlation coefficient at 5% probability
levels was calculated to determine associations between results. 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).

RESULTS AND DISSCUSSION

1. Evaluation of a headspace solid-phase microextraction
with different fibres for volatile compound determination in
specialty coffee

With headspace solid-phase microextraction (SPME) 76 compounds
belonging to 16 chemical classes were extracted from coffee samples. A
12



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.

Previous studies have suggested that from all volatile compounds (~950) only
20-25 can significantly impact the aroma and flavour of coffee, these compounds
have been detected particularly in specialty coffee (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 volatile compounds, DVB/CAR/PDMS — 15, PDMS/DVB - 13; PA — six
important specialty coffee volatile compounds.

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 properties of Brazilian Coffea arabica L.
roasted coffees, concluded the importance of the method for future alternative
coffee beverage quality monitoring. Although in this study the PDMS/DVB fibre
was not able to extract four important volatile compounds in specialty coffee.

From 17 important specialty coffee volatile compound, eight compound peak
areas showed significant differences between SPME fibres (Table 5). 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; Dadal1 &
Elmaci 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.

In accordance with previous studies bipolar fibres such as DVB/CAR/PDMS,
CAR/PDMS and PDMS/DVB can extract a wider composition of volatile
compounds (Spietelun et al. 2010; Mestdagh et al. 2014). It could be explained
by CAR large surface area with micro and macro pores structure. The results
align with Raberts, Pollien, & Milo (2000) study, where CAR/PDM fibre could
extract small molecules like acetaldehyde and organic acids more than other
fibres.

Akiyama et al. (2007) have reported that CAR/PDMS fibre could not extract
all phenolic compounds from ground coffee samples. The main advantage of PA
fibre is the extraction of phenolic compounds with a higher peak area than other
fibres. However, phenolic compounds such as 4-vinylguaiacol or 4-ethyl-2-
methoxyphenol are not typical volatile compounds found in specialty coffee due
to unpleasant aroma characteristics and their higher concentration in dark roast
level coffee (Dorfner et al. 2003; Akiyama et al. 2007; Yang et al. 2016).
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Identified important volatile compounds in specialty coffee using four d

Table 5/5. tabula
ifferent SPME fibres /

Identificetie sensorai kvalitatei nozimigakie gaistoSie savienojumi specialty kafija, izmantojot cetras CFME Skiedras

Coffee volatile peak area / Compound sensory
Compounds / Savienojumi Kafijas gaistoSo savienojumu snailu laukums (x10°) S .desc.:rlptlon / )
CAR/PDMS | DVB/CAR/PDMS | PDMS/DVB PA “V’e’lf;{l e
1-(2-Furanylmethyl)-1h-pyrrole / _
1-(2-Furanilmetil)-1h-pirols 3.53 2.97 6.38 vegetables / darzenu
2,3-Pentanedione / 2,3-Pentandions 48.81 19.64 6.75 buttery / sviesta
5-Methyl-2-furancarboxaldehyde /
5-Metil-2—firankarboksaldehids 127.43 56.01 31.18 5.04 caramel / karameles
2-Furanmethanol / 2-Furanmetanols 73.31 35.85 19.71 10.25 floral / ziedu
Furfuryl acetate / Furfurilacetats 55.82 48.37 41.75 2.23 floral, fruity /
ziedu, auglu
3-Methyl-butanal / 3-Metil-butanals 27.43 5.47 13.87 0.61 fruity / auglu
e roasted almond, coffee
2-Methylfuran / 2-Metilfurans 32.20 4.82 0.59 | grauzdatas kafijas
Furfural / Furfurols 164.31 73.77 26.17 6.86 caramel / karameles
4-Methyl-pyrimidine /
A-Metil-pirimidins 20.18 13.30 1.87 popcorn / popkorna

*Significance differences between SPME fibres at p<0.05 / Bitiskas atskiribas starp CEME Skiedram (p<0.05)

**According to previous studies / Atsaucoties uz ieprieksejiem pétijumiem: Mondello et al. (2005), Somporn et al
(2014), Toledo et al. (2016), Yang et al. (2016)

. (2011), Mestdagh et al. (2014), Piccino et al.
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The possible explanation could be the polar compound coating material,
which has shown a disadvantage to extracting nonpolar compounds (Spietelun et
al. 2010).

The principal component analysis reduced variables in components, and the
first two components represented 57.12 % of the total variance. Axis F1 (first
principal component) accounts for 41.94% and F2 (second principal component)
accounts for a further 15.19% of the total variance (Fig. 1).

Biplot (axes F1 and F2: 57.12 %)

2-methyl-propanal
1-(2-Furanylmethyl)-1H-pyrrole
2—(methoxymethyl)furan

Ethyl-pyrazine
H2_DVB/CAR/2DI\/IS C_CAR/PDMS
Furfuryl formate o
H_PDMS/DVB 2,5-dimethyl-pyrazine
C_PA H2_PDMS/DV® £ ppy Z-Methglféran/PDMS

H2 P pa C_PDMSIDVB® e
K PA @® K _PDMS/DVB
~H_PA °

® S-fliranmethanol
——=8 923 pentaggdione
°

E_CAR/PDMS
yrimidine Furfuraly cAR/PDMS

furfuryl acetate

[ ]
K_DVB/CAR/PDMS T 0
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& DVB/CAR/PDMS 1-(2-furanyl), ethanone
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1 3-megyl-butanal
H2_CAR/PDMS
-4 -3 -2 -1 0 1 2 3 4 5 6
F1 (41.94 %)
[ ® Active variables @ Active observations |

Fig. 1 Biplot diagram by principal component analysis of five coffee
brew samples with four different SPME fibres /
1. att. Galveno komponentu analizes biplot diagramma, analizéjot piecu
kafijas dzérienu paraugu gaistoso savienojumu ekstrakciju, izmantojot Cetras
dazadas CFME skiedras

In the biplot, Kenya (K ) and Honduras (H_) samples, extracted with all four
fibres, and Colombia (C_), Ethiopia (E_) samples, extracted with CAR/PDMS,
PDMS/DVB and PA were classified in the first principal component. In second
principal components, samples extracted with DVB/CAR/PDMS fibre were
classified. Due to the specific volatile profile, Honduras_2 samples were
classified differently with all four fibres. The results can be explained by the
applied processing method. Honduras_2 was the only coffee with anaerobic
fermentation method used in coffee processing step, while for the other four
coffees natural processing method was applied. During the anaerobic process,
the sugar is more intensely converted and in the result coffee develops specific
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fermented aroma and flavour notes (Geromel et al. 2008; Taveira et al. 2015).
The PCA showed a positive correlation between different origin coffee samples
analysed with CAR/PDMS fibre and majority of volatile compound peak areas,
while coffee samples analysed with 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.2).

Dendrogram
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Fig. 2 Dendrogram (AHC analysis) representing volatile compound
dissimilarity relationships of coffee samples and SPME fibres /
2. att. Aglomerativas hierarhisko klasteru analizes dendrogramma, ilustréjot
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.
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2. Influence of phenolic and volatile compound
composition on specialty coffee cup quality

The cup quality assessment showed that coffee samples scored in the range
83.00-90.25 (Table 6). 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.

Table 6/ 6. tabula
Final cup quality scores with sensory description /
Kafijas paraugu kvalitates noveértejums (Laukaleja & Kruma 2019)

Final cup
Coffee .
Roastery / sample / quallty_gcgre Sensory description /
_ - | Kopéjais 4 h
Grauzdétava Kafijas S Sensorais raksturojums
arauas kvalitates
P g vertejums

plum, grapes, red pepper, toffee
HON_1 86.50 (caramel) / plume, vinogas, sarkanie
pipari, iriss (karamele)
blackberry, red pepper, roses, dark
R 1 KEN_1 88.75 chocolate / kazenes, sarkanie pipari,
rozes, tumsa Sokolade
pineapple, dried apricot, elderflower

CoL_1 89.00 [ ananass, kaltetas aprikozes,
pliskoka ziedi
dried fruits, passion fruit, melon,
HON_2 90.25 kombucha /

kaltéti augli, pasifloras auglis,
melone, kombuca
lime, jasmine, chocolate cream,
ETH_1 88.25 cherry brandy / laims, jasmins,
Sokolades kréms, kirsu brendija
cacao, red apples, dried fruits /
HON_3 85.00 kakao, sarkanie aboli, kalteti augli
SAL 1 83.00 nutty and creamy / riekstu un kréms

R_2

It has been suggested that the balance between acidity and sweetness is
correlated with a higher final cup quality score, as shown in Alex et al. (2016)
study that analysed the relationship between coffee plantation regions in Brazil
and cup quality attributes. 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. Pleasant acidity
mostly is associated with dry fruit taste (Poltronieri & Rossi, 2016), and this
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could be the reason why HON_2 with dry fruits and melon characteristics
showed the highest final cup quality score.

The major volatile compounds were furans, pyrazines, aldehydes, and
ketones. 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). Several
studies have approved 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, Whitworth, Cui, & Fisk (2018b) 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 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 trend in specialty
market — exploring the fermented and specific aroma notes (Sepulveda et al.
2016).

Some compounds were only detected in specific coffee sample. 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-methylbutyraldehyde,
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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).

Significant differences for phenolic compounds were detected between
different coffee roasteries (Fig. 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.

HON_1 KEN_1|COL_1|HON_2| ETH_1 |HON_3| SAL_1
Roastery 1 Roastery 2

Total phenolic content/
Kopéjais fenolu saturs,
mg GAE 100 mL™!

Coffee samples / Kafijas paraugi

Fig. 3 Total phenolic content in different origin and differently roasted
coffee / 3. att. Kopejais fenolu saturs dazadu izcelsmes valstu un grauzdejuma
kafijas dzerienos

Total flavonoid content in coffee brews showed a similar pattern (Fig. 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. 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 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.

ABTSe+ and DPPH?- radical scavenging activity was significantly different
between almost all coffee samples. Interestingly, the data showed significant
difference between COL 1 and HON 2 samples for DPPHe antiradical activity,
while the same samples showed no significant differences for ABTSe+
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antiradical activity. The HON_1 sample showed the highest DPPHe
(832.44 pmol Trolox equivalent mL™) and ABTSe+ (34.13 pmol Trolox
equivalent mL?) values. Meanwhile both SAL_1 and HON_3 samples showed
the lowest DPPH* value (505.20 pmol Trolox equivalent mL™2).

HON_1  KEN_1 | COL_1|HON_2| ETH_1 | HON_3| SAL_1
Roastery 1 Roastery 2

Total flavonoid content /
Kopeéjais flavonoidu
saturs, mg CE 100 mL!

Coffee samples / Kafijas paraugi

Fig. 4 Total flavonoid content in different origin and differently roasted
coffee brews / 4. att. Kopéjais flavonoidu saturs dazadu izcelsmes valstu un
grauzdéjuma 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 7). Only for
Roastery 2 coffee brews significant negative correlation was detected between
final cup quality scores and ABTS™, DPPH-" radical scavenging activity.

Table 7 /7. tabula
Correlation between final cup quality scores and phenolic compound
content in different roastery coffee / Koreldcija starp kafijas sensoras
kvalitates novertejumu un kopéjo fenolu saturu dazadu grauzdétavu kafijas
dzerienos

Pearson correlation /
Pirsona korelacija

R_1_Final cup quality score / | Coefficient/ 0.959 | 0.745 0.464 0.464
R_1 Kafijas kvalitates Koeficients, r
vertejums Sig.2-tailed* | <0.000 | 0.021 0.208 0.208

R_2_Final cup quality score / | COefficient/ | oot | 1 a70 | 0825 | 0951
R _2 Kafijas kvalitates Koeficients, r
vertejums 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)

TPC TF ABTS™ | DPPH"
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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 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. Previous studies suggest that individual phenolic compounds could
affect the overall sensory characteristics of the coffee differently. Moon and
Shibamoto (2009) research states that phenolic compounds such as
2-methoxyphenol, chlorogenic acids and 2-methoxy-4-vinylphenol rapidly
decreases after light roast level. While, caffeic acid, catechol increases with the
roast level bringing harsh bitterness to the coffee brew. Zanin et al. (2016) state
that it is possible to contain good cup quality coffee without losing the valuable
chlorogenic acid content. These findings indicate that it is essential to determine
individual phenolic content and analyse its correlation with the sensory
assessment results.

3. The impact of the roasting process on chemical
composition and sensory profile in specialty coffee

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. 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 and 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
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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).

The amino acid content in different roast levels of coffee is shown in
Table 8. Among 17 amino acids, 13 showed the highest concentration in medium
roasted coffee.

Table 8/ 8. tabula
Amino acid content in different roast level coffee beans /
Aminoskabju saturs dazada grauzdejuma pakapes kafijas pupinas

I
) ] Amino acid content / Aminoskabju saturs, g 100 g
Amino acids / Green ] ]
Aminoskabes coffee | Zald Light/ Medium / Dark/
S Viegls Vidéjs Tumss
kafija
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 / 0.61 0.53 0.59 0.55
Treonins
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 0.045 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 0.077

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

Fatty acid content was significantly affected by roast level. The 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. 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 9).

Table 9/9. tabula
Total phenolic and flavonoid content in different roast level coffee brew /
Kopéjo fenolu un flavonoidu sastavs dazada grauzdejuma pakapes kafijas

dzériena
Roast Level / TPC TF
Grauzdéjuma pakape | (mg GAE 100 mL™) +SD | (mg CE 100 mL ™) +SD
Light / Viegls 292.85+0.04a 18.26+0.21a
Medium / Videjs 265.30+0.08b 16.69+0.23b
Dark / Tumss 246.17+0.02c 15.79+0.25¢
p value / p vértiba <0.0001 <0.0001

Different letters in column indicate statistically significant differences between roast levels /
Vertibas, atzimétas ar atskirigiem burtiem kolonas, nordda uz bitiskam atSkirtbam starp
grauzdésSanas pakapem (p<0.05)

Individual phenolic compound content is illustrated in Table 10. 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.
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Table 10/ 10. tabula
Individual phenolic compound concentration in different roast level coffee
brew / Atsevisko fenolu savienojumu koncentracija dazada grauzdéjuma

pakapes kafijas dzériend

Individual phenol concentration + standard
Coffee sample / deviations / Atsevisko fenolu koncentracija un £
Kafijas paraugi Standal’da nOVirZe, mg 100 ml__l
Light / Viegls Medium / Vidéjs | Dark /[ Tumss
Gallic acid / Gallskabe 0.02+0.03b 0.07+0.00a 0.07%0.00a
3,5-Dihydroxybenzoic acid
| 3.5-Dihidroksibenzoskabe 217.24+0.96a 182.68+0.63b 114.81+0.45c
Catechin / Katehins 2.54+0.19 2.62+0.10a 1.91+0.14b
4-hydroxybenzoic acid /
4-Hidroksibenzoskdbe 1.95+0.04c 2.92+0.02b 3.66+0.08a
Chlorogenic acid / 11754¢3.41a | 96.00£1.12b | 53.50+1.62c
Hlorogénskabe
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 / 0.04£0.01a 0.01:£0.00b 0.01:£0.00b
p-Kumarskabe
Sinapic acid / Sinapinskabe 0.85+1.21b 2.07£0.02ab 2.46+0.01a
Ferulic acid / Ferulinskabe 0.05+0.00b 0.06 = 0.00a 0.06+0.00a
2-Hydroxycinnamic acid /
2 Hidroksikanélskabe 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, atzimétas ar atSkirigiem burtiem (a,b,c) rindas, norada 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).
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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 degradation of chlorogenic acid after light
roast level and increased chlorogenic acid lactone concentration.

The increased volatile phenolic compound content 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).

The acrylamide content at first showed increasing trend with roast level,
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).

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.

4. Aroma-active compound perception in different roast
and brew coffee by gas chromatography-olfactometry

From detected 56 volatile compounds, 30 were reported as aroma-active
compounds. The olfactory panellists could identify 23 different aromas.

The aroma attribute frequency within coffee samples is illustrated in Fig.5,
the most frequent attributes were sweet, musty, leather, skunky, burnt, and nutty
(identified 7-15 times).
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Fig. 5 Aroma attribute frequency within coffee samples /

5. att. Aromatu ipastbu 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 grauzdéSanas 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 volatile compounds and aroma attributes.
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Most frequent attribute (sweet) was linked with six different volatile
compounds (Table 11).

Table 11/ 11. tabula
Most frequent aroma attributes and associated volatiles in differently
roasted and brewed coffee samples / Biezakie aromadti un ar tiem saistitie
gaistoSie savienojumi dazadi grauzdetos un pagatavotos kafijas paraugos

Aroma Coffee
Attribute / sample / Volatile compounds associated with the aroma /
Aromatu Kafijas Gaistosie savienojumi
ipasibas paraugi*
LD 3-furanmethanol / 3-furanmetanols; benzeneacetaldehyde /
fenilacetaldehids
LE benzeneacetaldehyde / fenilacetaldehids; 1-(6-methyl-2-
pyrazinyl)-1-ethanone / 1-(6-metil-2-pirazinil)-1-etanons
3-furanmethanol / 3-furanmetanols; 2-ethyl-6-
MD methylpyrazine / 2-etil-6-metilpirazins;
Sweet / Salds benzeneacetaldehyde / fenilacetaldehids
ME 3-furanmethanol / 3-furanmetanols;
1-(2-furanyl)-2-butanone / 1-(2-furanil)-2-butanons
DD benzeneacetaldehyde / fenilacetaldehids; nonanal / nonanals
3-furanmethanol / 3-furanmetanols; benzeneacetaldehyde /
DF Venilacetaldehids; 1,2-dihydrolinalool / 1,2-dihidrolinalols; 4-
ethyl-2-methoxyphenol / 4-etil-2-metoksifenols
LD methylpyrazine / metilpirazins
2,6-dimethylprazine / 2,6-dimetilpirazins; 2-ethyl-3-
LF methylpyrazine / 2-etil-3-metilpirazins; 2,3-diethyl-5-
methylpyrazine / 2,3-dietil-5-metilpirazins
. 2,2-methylenebis-furan / 2,2-metilenbisfurans;
Musty / Mitra MD nonanal ynonandls; tetradecane / tetraéeka’ns
pagraba, - - - ———————
pelejuma ME 3-ethyl-2,5-dimethylpyrazine / 3-et|I-2_,5-d1menlpzrazms;
tetradecane / fetradekans
DD methylpyrazine / metilpirazins; 2-(2-furanylmethyl)-5-
methylfuran / 2-(2-furanilmetil)-5-metilfurans
DE 1-(2-furanyl)-ethanone / 1-(2-furanil)-etanons; 2,2-
methylenebis-furan / 2,2-metilénbisfurans
2,3-diethyl-5-methyl-pyrazine / 2,3-dietil-5-metil-pirazins; 2-
LD n-heptylfuran / 2-n-heptilfurans; 4-hydroxy-2-
methylacetophenone / 4-hidroksi-2-metilacetofenons; 1-
dodecanol / 1-dodekanols
3-ethyl-2,5-dimethylpyrazine / 3-etil-2,5-dimetilpirazins;
Leather / Adas MD 1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons;
2-n-heptylfuran / 2-n-heptilfurans;
1-dodecanol / 1-dodekanols
DD 1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons;
2-n-heptylfuran / 2-n-heptilfurans
DF 1-(1H-pyrrol-2-yl)-ethanone / 1-(1H-pirol-2-il)-etanons

*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 — videjs; D — tumss), otrs
burts apzimé pagatavosanas metodi (D — automatiska filtra; F — francu preses).
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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.

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)).

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.

Principal Component Analysis (PCA) illustrates (Fig. 6) the roasting and
brewing process impact on the volatile and aroma active compound content, and
GC-0 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.

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.
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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.

5. Consumer's perception of specialty coffee with
potentially increased bioactive compound content

Agglomerative hierarchical clustering (AHC) of coffee consumers, 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).

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.

From the data, it is apparent that most of the consumers drink coffee at least
once a day, and 54% of them choose automatic drip coffee (25.6% Cluster_1 and
28.9% Cluster_2). Similar to Czarniecka-Skubina, Pielak, Satek, Korzeniowska-
Ginter, & Owczarek (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.7 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). 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 ANOVA was performed following pairwise comparison by Tukey’s HSD
test. No significant differences were detected between consumer consumption
habits and coffee sample liking scores.
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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.

It can be seen in Table 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).
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Tabula 12 / 12. tabula

Consumer mean liking scores (9-point Hedonic scale) for sensory
attributes of coffee samples / Patérétaju kafijas paraugu sensoro ipasibu

novertejums, izmantojot 9 punku hédonisko skalu

Consumer Sensory attributes / Sensoras ipasibas

group/ | Sample/ [ Overall Overall Overall Overall
Pateretaju | Paraugs like / aroma / flavour / texture /
grupa Patiksana Aromats Garsa Tekstiira

LD 6.38a 6.42a 6.44 a 6.51a

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

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

LD 3.93 cd 5.02 cd 3.91 bc 5.13¢c

Cluster 2 / LF 3.22d 456 d 3.24¢ 447 ¢
2. Klasteris MD 4.38 cd 5.84 abc 4.33bc 5.31 be
MF 4.69 be 5.20 bed 4.68b 5.33bc

Within columns, numbers followed by a different letter are significantly different (p<0.05), following
pairwise comparison by Tukey HSD test/ Vertibas, atzimetas ar atskirigiem burtiem kolonds, norada
uz batiskam 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.
Itis 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. 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.

Sensory attribute liking scores by both consumer groups had a positive
correlation to purchase intent (Table 13). Overall aroma and texture of coffee
samples showed the weakest correlation with purchase intent for both clusters.
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
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Table 13/ 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 patérétdju sensoro ipasibu
novertejumu un patérétaju velmi pirkt kafiju

Correlation Consumer Sensory attributes / Sensoras ipasibas
L group / Overall Overall Overall Overall
| Korelacija o h
(tau) Paterétaju like / aroma / flavour/ | texture/
grupa Patiksana Aromats Garsa Tekstira
Cluster 1/
Purchase intent /| 1. Klasteris 0.618 0.435 0.595 0.476
Veélme 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/ Vértibas treknraksta norada
uz biitisku koreldciju starp sensoro ipasibu un patérétaju vélmi pirkt kafiju (p<0.05)

The penalty analysis 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.8). 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 12 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 0O, including overall penalty, which indicates the significant impact
of flavour attributes on 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.
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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, Wolf,
Chambers 1V, & Adhikari, (2019) study about coffee drinking experience and
emotions concluded that coffees with higher acidity consumers associated with
guilt”, “off-balance”, and “bored” emotions. 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.

CONCLUSIONS

1. 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.

2. 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 ABTSe+, DPPHe 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.

3. The total phenolic, flavonoid content (291.85 mg GAE mL";
18.26 mg CE mL™) and individual phenolic such as 3,5-dihydroxybenzoic
acid (217.24 mg 100 mLY), chlorogenic acid (117.54 mg 100 mL™) and rutin
(9.70 mg 100 mL1) content was the highest in light roast coffee, and their
content degreased with increasing roast level.

4. 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.

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

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

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

8. Assignificant 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.
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9. 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.

PETIJUMA AKTUALITATE

Specialty kafijas tirgus strauja izaugsme pé&dgja desmitgadé apliecina
patérétaju interesi par augstas kvalitates produktiem. Specialty kafiju var definét,
ka kafiju ar augstas kvalitates standartiem un vadlmijam, lai izceltu nozimigas
sensoras ipasibas kafija, ierobezojot defektu veidoSanos razo$anas posmos
(Poltronieri & Rossi 2016; Urwin, Kesa, & Joao 2019). Gaisto$o savienojumu
kompozicija tiek plasi analizéta komerciala kafija, tacu nav padzilinati analiz&ti
gaisto$o savienojumi un aromatveidojoSie savienojumi specialty kafija. Gazu
hromatografijas-olfaktometrijas p&tijumi par aromatveidojosiem savienojumiem
dazadas grauzd@Sanas pakapes specialty kafija sniegtu ieskatu par iesp&amas
izmainam gaisto$o savienojumu aromatu uztverg grauzdéSanas procesa.

Lidz ar palielinatu kafijas patérinu kafijas patérétaji ne tikai interes€jas par
kafijas kvalitati, bet arT par tas ietekmi uz cilvéka veselibu. P&tfjumu rezultati ir
pieradijusi, ka mérens kafijas paterins ir saistits ar samazinatu kardiovaskularo
un nervu slimibu risku (Mancini, Wang, & Weaver 2018; Lukic et al. 2020). Ka
ar1 kafija tiek izvirzita, ka viens no galvenajiem polifenolu avotiem
austrumeiropiesu iedzivotaju uztura.

Grauzdgsana ir galvenais kafijas razoSanas posms, kas biitiski ietekmé kafijas
Kimisko sastavu, it ipaSi biologiski akfivos savienojumus un gaisto$os
savienojumus. Dotaja bridi nav pietiekami veikti p&tTjumi par integrétu gaistoSo
un biologiski aktivo savienojumu analizi dazada grauzdéjuma pakapes kafija.

Lai praktiski pielietotu pielagotas grauzdé$anas pakapes specialty tirgd,
nepiecieSams analiz&t paterétaju uztveri par specialty kafiju un patérétaju veélmi
iegadaties to, ja butu informéti par tas iespjami palielinatu biologiski aktivo
savienojumu sastavu.

Promocijas darba hipotéze — pielagojot grauzdéSanas pakapi, kafijas
patérétaji dotu priekSroku specialty kafijai tas palielinato biologiski aktivo
savienojumu satura del.

Promocijas darba hipotéze tika pieradita ar piecam tézem.

1. Cietas fazes mikroekstrakcijas Skiedras parklajums ietekm€& gaistoSo
savienojumu ekstrakciju specialty kafijas dzérienos.

2. Specialty kafijas izcelsmes valsts un grauzdé$anas parametri ietekmé fenola
savienojumu saturu un sensoro kvalitati.

3. Viegla grauzdésanas pakape pozitivi ietekmé fenolu un gaistoSo savienojumu
sastavu specialty kafija.

4. Gazu hromatografijas-olfaktometrijas vardnica lauj noteikt un aprakstit
aromatu veidojo$o savienojumus specialty kafijas dz&rienos.
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5. Patérétaju uztveri par specialty kafijas pagatavoSanas veidiem var ietekmé&t
sensoras Ipasibas un informacija par potenciali palielinatu biologiski aktivo
savienojumu saturu kafija.

Darba meérkis — izvertét grauzdesanas pakapes ietekmi uz biologiski aktivo
savienojumu sastavu un sensoro kvalitati specialty kafija.
Darba mérka sasnieg$anai izvirziti §adi uzdevumi.

1. Novertet cietas fazes mikroekstrakcijas skiedru ietekmi uz specialty kafijas

dzerienu gaistoso savienojumu ekstrakciju un noteikSanu.

Analizet fenolu savienojumu sastavu un sensoro kvalitati dazadas izcelsmes

un grauzd&juma specialty kafija.

Noteikt grauzdésanas procesa ietekmi uz gaisto$o savienojumu sastavu.

Analiz€t negaistoso savienojumu sastava izmainas grauzdesanas procesa.

Izveidot gazu hromatografijas-olfaktometrijas vardnicu specialty kafijai.

Analizet patérétaju novertéjumu par specialty kafijas dzerieniem ar potenciali

palielinatu biologiski aktivo savienojumu koncentraciju.
Promocijas darba novitate.

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

2. Cietas fazes mikroekstrakcijas skiedru izvert€jums uzlabotai gaistoSo
savienojumu noteikSanai specialty kafija.

3. GaistoSo savienojumu un aromatveidojoSo savienojumu profila noteik$ana
dazada grauzd&juma un pagatavosanas metozu kafijas.

4. Gazu hromatografijas-olfaktometrijas vardnicas izveide, kas lauj analiz&t
aromatveidojoso savienojumu uztveri dazada grauzd€juma pakapes un
pagatavosanas veida kafija.

Tautsaimniecibas nozime.

Analize par grauzdé$anas pakapes ietekmi uz kafijas kvalitati un biologiski
aktivo savienojumu saturu specialty kafija, sniedz kafijas grauzdétajiem iesp&ju
pielagot grauzdesanas procesu.

n
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ZINATNISKA DARBA APROBACIJA

Pétfjuma rezultati ir publicéti seSos zinatniskajos izdevumos, ieskaitot piecas
publikacijas, kas indeksg&tas starptautiskas cit€Sanas datubazés SCOPUS un Web
of Science, un par tiem zinots devinas starptautiskajas konferences (publikaciju
un prezentaciju sarakstus skatit 5.-7.1pp.).

MATERIALI UN METODES

Pétijuma laiks un vieta
Zinatniskais darbs tika izstradats no 2017. gada lidz 2022. gadam Latvijas
Lauksaimniecibas universitates Partikas tehnologijas fakultaté un Patérétaju
uzvedibas un sensoras zinatnes centra, Kanzasas S§tata universitate (ASV)
zinatniskajas laboratorijas.
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Pétijuma struktiira

Pétnieciskais darbs strukturéts piecos posmos (skattt 1. tabulu).

Materialu raksturojums

Zalas un grauzdétas Coffea arabica L. pupinas tika iegadatas no vietgjiem
specialty kafijas grauzdétajiem vai grauzd€tas uz vietas. Saskana ar Specialty
kafijas asociacijas standartiem un protokoliem visi kafijas paraugi tika kvalificgti
ka specialty kafija (80 lidz 100 punktiem).

Lai sasniegtu velamo grauzdéSanas Iimeni, grauzdéSanas parametri tika
pielagoti atbilstosi zalo kafijas pupinu blivumam, mitruma saturam un
grauzdéSanas iekartas parametriem. Paraugu kodi un grauzdéSanas parametri ir
paraditi 2. tabula.

I posma tika izverteta dazadu cietas fazes mikroekstrakcijas (CFME) skiedru
piemérotiba, lai efektivi ekstrah&tu gaisto$os savienojumus no pieciem specialty
kafijas paraugiem. GaistoSo savienojumu ekstrakcijai tika izvEletas cetras
dazadas CFME Skiedras: divinilbenzols/karbokséns/polidimetilsiloksans
(DVB/CAR/PDMS); karbokséns/polidimetilsiloksans (CAR/PDMYS);
polidimetilsiloksans/ divinilbenzols (PDMS/DVB); poliakrilats (PA).

II posma tika izvértéta fenolu un gaisto$o savienojumu ietekme uz specialty
kafijas tases kvalitati.

III posma tika izvertéts dazada grauzd@Sanas pakapes specialty kafijas
kimiskais sastavs.

IV posma analizéta aromatveidojoSo savienojumu uztvere dazadas
grauzdeSanas pakapes un pagatavoSanas metodes kafijas, un izstradata gazu
hromatografijas-olfaktometrijas vardnica. Nazalas ietekmes biezuma (NIB)
metode tika izvEleta ka viena no efektivakajam un atrakajam metodém gaistoso
savienojumu saistito aromatu noteik$anai (Brattoli et al., 2013; Lawless and
Civille, 2013). Péc divam orienté$anas nodarbibam tika sagatavots referen¢u
materialu saraksts 23 aromatiem. Referencu materialu saraksta pieméri attéloti
3. tabula.

Gaistosie savienojumi tika provizoriski identificéti ka aromatveidojosi, ja: 1)
GC-O izdalisanas laiki sakrita ar spécigu gaistoSu savienojumu GC-MS
izdaliSanas laiks ar novirzi 0,01 min; 2) identificétas aromatu smailes, kas GC-
O analizes laika tika konstatétas vismaz Cetras reizes, tika izvéleti ka butiski
aromatu talakai analizei.

V posma tika analizSta patérétaju uztvere par specialty kafiju. P&tijjuma
dalibnieku atlases rezultata no 301 cilvéka pétijuma piedalijas 90 melnas kafijas
pateretaji. Patérétajiem tika lugts atbildét uz deviniem demografiskiem un ar
kafijas patérinu saistitiem jautdjumiem un veikt Ccetru kafijas paraugu
novértésanu. Cetri kafijas paraugi tika marketi ar 3 ciparu kodiem, kas tika
paraditi monadiski. P&c katra parauga novertéSanas dalibniekiem bija 1 minites
partraukums, kura laika patérétajiem tika nodrosinats Gidens un sausini (bez sals).

Anketa bija ieklauti Cetri jautajumi par sensoram ipasibam (parauga
patikiana, parauga aromats, parauga gara un tekstiira). Saja pétfjuma tika
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izmantota 9 punktu hedoniska skala (no 1 —loti nepatik lidz 9 — loti patik) sensoro
Tpasibu novertesanai.

Paterétajiem tika lugts novertét kafijas paraugu skabumu un riigtumu,
izmantojot skalu Just-About-Right (JAR) ar pieciem punktiem (1 — nav
skabs/rugts; 2 — nav pietickami skabs/riigts; 3 — JAR; 4 — mazliet par skabu
skabs/rugtu; 5 — parak skabs skabs/rligts). Patérétajiem tika luigts atbildét uz
pedgjo jautajumu, vai vini iegadatos kafijas paraugu, ja zinatu, ka tam ir
iespgjami palielinats antioksidantu sastavs. Patérétaju velmei iegadaties
produktu tika izmantota 5 punktu skala (1 — noteikti n€; 2 — drosi vien ng;

3 —iespgjams; 4 — iesp&jams; 5 — noteikti).

Pétijumos izmantoto analiZzu metoZu raksturojums

Izmantotas metodes fizikalo, kimisko un sensoro parametru noteiksanai,
apkopotas 4. tabula.

Datu matematiska apstrade

Datu sadalfjuma normalitates novértésanai tika izmantots Sapiro-Vilka tests
un datu vizualiz&Sanai tika izmantotas histogrammas. Datu interpretacijai tika
izmantota vienfaktora un divfaktoru dispersijas analize (ANOVA), Tjukija
(HSD) tests (batiskas atskiribas tika noteiktas, ja p<0.05).

Lai analizétu atskiribas starp paraugiem, patérétajiem un SPME Skiedram,
tika izmantota aglomerativa hierarhisko klasteru analize (AHC) ar Eiklida
attalumu un Vorda metodi. Lai novertetu attiecibas starp mainigajiem lielumiem
un paraugiem, tika izmantota galveno komponentu analize (PCA). Pirsona un
Kendalas korelacijas koeficients tika aprékinats, lai noteiktu asociacijas starp
ieglitajiem rezultatiem. Penalty analize, Just-About-Right (JAR) dati tika
izmantoti, lai noteiktu, cik butiski kafijas pienemsanu ietekmé ta garsas ipasibas
(skabums un riigtums). Patérétaju pétijjumam, dalibnieku atlase tika veikta un
pétijuma rezultati apkopoti elektroniski RedJade Sensory Software (Martinez,
CA, ASV) sistema. Visas statistiskas analizes tika veiktas, izmantojot XLSTAT
2020 (Addinsoft, Nujorka, NY, ASV) paketi.

REZULTATI UN DISKUSIJA

1. Specialty kafijas gaistoSo savienojumu analize,
izmantojot Cetras dazadas cietas fazes mikroekstrakcijas
Skiedras

Izmantojot cietas fazes mikroekstrakciju (CFME) tika ekstraheti 76
savienojumi no 16 kimiskajam klasém. Tika noteikta butiska saistiba starp
CFME skiedram un kimisko savienojumu klasém, izmantojot Hi kvadrata testu
(p<0.05). Tikai CAR/PDMS skiedra spgja ekstrah&t savienojumus NoO Visam
Kimiskajam klasém, savukart PA Skiedra vargja iegt savienojumus tikai no
astonam kimiskajam klasém.
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Ieprieksgjie pétijumi norada, ka no visiem gaistoSajiem savienojumiem
(~950) tikai 20-25 var butiski ietekmét kafijas aromatu un garSu, ka ari Sie
savienojumi ir konstat&ti tiesi specialty kafijas (Sobreira et al., 2015; Laukaleja
un Kruma, 2018; Zamora-Ros et al., 2018). Saskana ar zinatnisko literataru,
pétijuma ar CAR/PDMS skiedru varg&ja identificét 17, DVB/CAR/PDMS — 15,
PDMS/DVB - 13; PA — seSus sensorai kvalitatei nozimigus gaisto$0S
savienojumus specialty kafija.

Tikai CAR / PDMS skiedra vargja ekstrahét acetaldehidu, par So rezultatu
zinoja ari Caprioli et al. (2012). Iespgjamais izskaidrojums tam varétu but
aldehidu zemais virSanas punkts. PDMS/DVB skiedra uzradija ievérojami
lielaku smailu laukumu 1-(2-furanilmetil)-1H-pirola savienojuma (darzenu
aromats) ekstrakcijai. PDMS/DVB skiedru izvélgjas Ribeiro et al. (2009), lai
analizétu grauzdetas Coffea arabica L. kafijas gaistoSos savienojumus, ka
rezultata PDMS/DVB skiedra tika izvirzita, ka nozimiga alternativa kafijas
gaistoSo savienojumu monitoringa. Savukart saja petijuma PDMS/DVB skiedra
nesp&ja ekstrah&t Cetrus butiskus gaistoSus savienojumus specialty kafija

No 17 nozimigiem kafijas gaistoSajiem savienojumiem, astoniem
savienojumiem tika konstatétas butiskas atSkiribas starp SPME skiedram un to
smailu laukumiem (5. tabula). Ieprieksgjie zinatniskie petijumi ir paradijusi, ka
CAR/PDMS skiedra var biitiski labak ekstrah@t savienojumus ar zemu virSanas
temperatiiru, salidzinot ar citam SPME skiedram (Salum et al. 2017; Dadal1 &
Elmaci 2019). CAR/PDMS skiedra parada lielakus smailu laukumus astoniem
butiskiem gaistoSiem savienojumiem. Visi Sie savienojumi ir saistiti ar auglu,
karamelu, ziedu aromatu kafija.

Saskana ar iepriek$gjiem pétijumiem, izmantojot bipolaras skiedras, ka
DVB/CAR/PDMS, CAR/PDMS un PDMS/DVB, iesp&ams ekstrahét
daudzveidigaku gaisto$o savienojumu sastavu (Spietelun et al. 2010; Mestdagh
et al. 2014). Turklat Salum et al. (2017), Chou et al. (2019) zinoja, ka $kiedras ar
karbokséna (CAR) parklagjumu lauj ekstrah& mazaka izméra molekulas, ka
2-metilpropanalu un organiskas skabes (etikskabi un propionskabi). To varétu
izskaidrot ar CAR lielo virsmas laukumu ar mikro un makro poru struktiru.
Rezultati atbilst Roberts, Pollien and Milo (2000) pétijumam, kura CAR/PDM
Skiedra var&a ekstrah& mazaka izméra molekulas, ka acetaldehidu un
organiskas skabes, salidzinajuma ar citaim CFME skiedram.

CAR/PDMS skiedra nespgja ekstrahét visus fenola savienojumus, salidzinot
ar PA Skiedru, kas sakrit ar Akiyama et al. (2007) pétijuma datiem. PA Skiedras
galvena priekSrociba ir fenola savienojumu ekstrakcija ar lielakiem smailu
laukumiem neka ar citam CFME $kiedram. Tomér fenola savienojumi, pieméram
ka 2-metoksi-4-vinilfenols, nav tipiski gaistosie savienojumi, kas atrodami
specialty kafija to nepatikamo aromatu ipasibu un to augstakas koncentracijas
de] (Dorfner et al. 2003; Akiyama et al. 2007; Yang et al. 2016).

Galveno komponentu analizes pirmas divas komponentes sastada 57.12% no
kopgjas dispersijas. Ass F1 (pirma galvena komponente) veido 41.94% un F2
(otra galvena komponente) veido vél 15.19% no kopgjas dispersijas (1. att.).
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Biplot diagramma, Kenijas (K ) un Hondurasas (H ) paraugi, kas ekstrahéti ar
visam cetram Skiedram, un Kolumbija (C ), Etiopija (E ), kas ekstrahéti ar
CAR/PDMS, PDMS/DVB un PA, raksturo pirma galvena komponente. Otraja
galvena komponente raksturo paraugus, kas ekstrahéti ar DVB/CAR/PDMS
Skiedru. Honduras_2 paraugi ar visam cetram CFME Skiedram tika iedaliti
atseviski. To var izskaidrot ar Honduras 2 kafijas izveleto parstrades metodi.
Honduras 2 bija vieniga kafija ar anaerobas fermentacijas parstrades metodi,
savukart pargjam cCetram kafijam tika izmantota dabiska apstrades metode.
Anaeroba procesa laika cukurs tiek intensivak parveidots, un rezultata kafija
attista specifisku fermentétu produktu aromatu un gar$u (Geromel et al. 2008;
Taveira et al. 2015). Péc galveno komponen$u analizes iesp&ams novérot
pozitivu korelaciju starp dazadas izcelsme kafijas paraugiem, kas analiz&ti ar
CAR/PDMS skiedru, un lielako dalu gaistoSo savienojumu smailu laukumiem,
kamer negativa korelacija tika konstatéta starp kafijas paraugiem, kas analizéti
ar PDMS/DVB un PA $kiedru, un lielako dalu gaistoSo savienojumu smailu
laukumiem.

Tika veikta aglomerativa hierarhiska klasteru analize (AHC), lai izvertétu,
vai gaistosie savienojumi tiek grupéti péc kafijas paraugiem vai pé¢c CFME
Skiedram. AHC analizes rezultati tika ilustréti ar dendrogrammu (2. att.). AHC
analize iedalija kafijas gaistoSos savienojumus divas grupas (klasteros). Pirmais
klasteris ir viendabigaks un ietver DVB/CAR/PDMS, PDMS/DVB, PA $kiedras,
bet otrais klasteris ietver CAR/PDMS $kiedras. Tikai C_DVB/CAR/PDMS tika
grupéts ar CAR/PDMS &kiedru otraja klasterl. legutie dati norada, ka
DVB/CAR/PDMS skiedra tikai no Kolumbijas kafijas spgj ekstrah&t gaistoSos
savienojumus tikpat efektivi ka CAR/PDMS skiedra. AHC un PCA analize
apstipringja SPME S$kiedru parklajuma izv€les nozimi kafijas gaistoSo
savienojumu analizé, jo paraugi tika klasificeti, pamatojoties uz Skiedras
parklajumu, nevis kafijas izcelsmi.

2. Fenolu un gaistoSo savienojumu satura ietekme uz
specialty kafijas sensoro kvalitati

Visi kafijas paraugi kvalitates novértgjuma uzradija punktu skaitu 83.00—
90.25 robezas (6. tabula). Mazakais vertgjums bija SAL 1 (83.00 punkti), bet
lielako punktu skaits tika pieskirts HON_ 2 kafijas paraugam (90.25). Mendonca
de Carvalho et al. (2016) konstatgja bitiskas asociacijas starp kafijas plantaciju
regioniem Brazilija un kafijas kvalitates novertéjumu. Veért§juma rezultatus
ietekmgja kafijas paraugu skabuma un salduma garSas intensitates savstarpgjs
balanss kafija. GarSu intensitati var ietekmét kafijkoku plantaciju geografiskais
novietojums un parstrades metodes. Borém et al. (2016) ari norada, ka kvalitates
raditajus var ietekmét saharozes saturs zala kafija un skabuma intensitate
pagatavota grauzdéta kafija. Lielaks saharozes saturs zala kafija ir saistits ar
pozitivu korelaciju ar skabumu un saldumu Ilidzsvaru kafijas kvalitates
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noveértgjuma. Patikams skabums lielakoties ir saistits kopa ar kaltétu auglu garsu
(Poltronieri & Rossi 2016), un tas varétu biit iemesls, kapéc HON 2 ar kaltétu
auglu un melones aromata, garsas Tpasibam uzradija lielaku kvalitates vertgjumu.

Galvenas gaistoSo savienojumu klases bija furani, pirazini, aldehidi un
ketoni. Furana savienojumi nosaka vislielako koncentraciju kafija, tacu aldehidi,
ketoni un pirazini ar mazaku koncentraciju kafija var butiski ietekmét kafijas
aromatu profilu (Gruczynska et al. 2018; Cordoba et al. 2019). Vairaki p&tijumi
ir apstiprinajusi pozitivo korelaciju starp kafijas sensoro noveértgjumu un gaistoso
savienojumu daudzumu, Kkuri ir saistiti ar ziedu, auglu aromatu (Piccino et al.
2014; Poltronieri & Rossi 2016). Kimiskas klases, ka ketoni un aldehidi, tiek
asociéti ar ziedu, auglu aromatu un patikamu skabumu kafija pie mérenas to
koncentracijas. Caporaso et al. (2018) pétijuma tika atklata pozitiva korelacija
starp aldehidiem un ketoniem, bet negativa korelacija starp aldehidiem un
piraziniem. Ribeiro et al. (2009) pétijums noradija, ka lielaka
5-metil-2-furankarboksaldehida un furfurola koncentracija var uzlabot Coffea
arabica L. kafijas senoro kvalitati. ST p&tfjuma dati apstiprina korelaciju starp
kafijas kvalitates novertgjuma raditdjiem un 2-furanmetanola koncentraciju
(r=0.616; p=0.036) un korelaciju starp 2-furanmetanolu un 5-metil-2-
furankarboksaldehidu (r=0.920; p=0.003), un furfurilacetatu (r=0.879; p=0.009).

Fermentacijas procesam kafijas auglu novaksanas laika varétu but izskirosa
nozime uz kafijas sensorajam ipaSibam. Ja fermentacijas process netiek
kontroléts kafijas auglu novaksanas laika un péc ta, aldehidu un ketonu klases
savienojumi var parveidoties par spirtiem, kas sniegtu negativas sensoras
pasibas kafijai (Preedy 2015). Izoamilacetatam, kas konstatéts HON 2 kafijas
parauga, ir raksturigs ferment&tu, nogatavojusos auglu aromats un garsa (Toledo
etal. 2016). Kafijas paraugu novertésanas posma tika HON_2 paraugam tika dots
kombucha (bezalkoholiska raudzeta dzériena) tipa gar$a. Fermentéta garsa tika
saistita ar pozitivam kvalitates ipasibam (SepUlveda et al. 2016). Cetri
savienojumi tika atklati tikai atsevi$kos kafijas paraugos. Dihidro-2-metil-3-
furanons tika konstatéts tikai KEN 1 kafijas parauga, savukart HON 1 kafijas
parauga tika konstat&ts 2-metoksi-4-vinilfenols. Kafijas parauga no Etiopijas tika
konstatéts 2-(metoksimetil)furans un kafijas parauga no Kolumbijas 1-(2-
furanil)etenons.

Toledo et al. (2016) apstiprindja, ka kafijas furanona (dihidro-2-metil-3-
furanona) koncentracijai ir cie$a saistiba ar kafijas kvalitates novertgjumu. Visi
noteiktie gaistoSie savienojumi KEN 1 ir saistiti ar pozitivam kafijas sensorajam
ipasibam (Steen et al. 2017). ETH 1 kafija ar kvalitates raditaju 88.25 uzradija
lielako furfurilacetata koncentraciju, 2-furana metanols (auglu, ziedu aromats)
un 2-metilbutiraldehids, 2-metil-propanals (kafijas-tipa, grauzdéts aromats).
Neviena no kafijas paraugiem nebija konstateti savienojumi, kas biitu saistiti ar
kafijas defektu klatbiitnes izraisitam sensoram ipa§ibam (krustnaglinu, ass, pelnu
aromats).

Bitiskas fenola savienojumu atskiribas konstatétas nevis péc kafijas
izcelsmes valsts, bet péc kafijas grauzdeSanas vietas (3. att.). To var saistit ar
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dazadiem tehniskajiem nosacljumiem grauzdéSanas procesa un ar katras
izcelsmes valsts specifiskam TpaSibam. Kafijas paraugi no Roastery 1 uzradija
lielaku fenolu savienojumu koncentraciju neka Roastery 2. Tas bitu
izskaidrojams ar fenolu savienojumu jutigumu uz palielinatu temperattru.
Roastery 2 kafija tika grauzd@ta pie lielakas temperatiiras ar ilgaku grauzdgSanas
laiku, kas butiski veicina fenola savienojumu noardisanos. Kopgjais flavonoidu
saturs kafija uzradija Iidzigu modeli (4. att.). Vislielakais kop&jo fenolu un
flavonoidu saturs tika konstatéts COL 1, KEN 1 un HON_1 paraugos un
mazakais HON_2 un ETH_1 paraugos.

Pretéjas korelacijas starp divam grauzdétavam varStu liecinat, ka
grauzdeSanas procesa parametri atskirigi ietekmé svarigu kimisko savienojumu
saturu kafijas pagatavosana. Roastery 1 kafijas gaistoSo savienojumu profils ir
lidzsvarotaks un koncentréts uz savienojumiem, kam raksturigs auglu un ziedu
aromats, pieméram, furfurilacetatu, 2-furanmetanols. Savukart Roastery 2
kafijas gaistoSo savienojumu profila ir lielaks gaistoSo savienojumu saturs ar
savienojumiem, kuriem raksturigs grauzdéts, Sokolades aromats, pieméram, 2—
metilpropanals, 4-metilpirimidins.

Dazos pétijumos fenola savienojumi, pieméram, 5-kafeoilhinskabe (5-CQA)
un feruloilhinskabe (5-FQA) ir saistiti ar mazaku kafijas kvalitates vertgjumu
rugtas garSas dél (Fujioka & Shibamoto 2008). Frank et al. (2007) grauzdgtas
kafijas riigtas garSas savienojumu analizes dati norada, ka 5-CQA tiek asociéta
ar kafijai lidzigu rigtumu, kafijskabe ar specigu grauzdgtas kafijas riigtumu un
tikai ferulinskabe un trigonelins ir saistits ar izteikti spécigu rigtumu. Savukart
fenola savienojumi, pieméram, 2-metoksi-4-vinilfenols, pie nelielas
koncentracijas kafijai var pieskir patikamu pikantu, ziedu aromatu (Piccino et al.
2014). Moon and Shibamoto (2009) pétijumi norada, ka fenola savienojumi,
pieméram, 2-metoksifenola, hlorogénskabju un 2-metoksi-4-vinilfenola Iimenis
strauji samazinas péc vieglas grauzdeSanas pakapes. Kafijskabes, katehola
koncentracija palielinas lidz ar grauzdésanas pakapi, kas, savukart, arT palielina
stva rOgtuma intensitati kafija. Zanin et al. (2016) apgalvo, ka ir iespgjams
apvienot labas kvalitates kafiju, nezaudgjot vértigo hlorogénskabes saturu. Sie
apgalvojumi liecina, ka ir butiski noteikt individualo fenola savienojumu saturu
kafija un integréti analizet ta korelaciju ar sensora novértéjuma rezultatiem.

3. Grauzdesanas procesa ietekme uz kimisko sastavu
specialty kafija

Mitruma saturs no 10.7% zala kafija strauji samazinajas lidz 3.0% viegli
grauzdeta kafija, 2.2% vid&ji grauzdeta kafija un 2.0% tumsi grauzdéta kafija.
Mitruma saturs zalajas kafijas pupinas atbilda citiem pé&tfjjumu datiem un bija
zem 11%, Kas tiek ieteikts, lai saglabatu specialty kafijas kvalitates standartus
(Borém et al., 2016; Tolessa et al., 2016). Dazos pétijumos mitruma saturs ir
saistits ar kafijas pH (Lee, Kim & Lee, 2017), pH paliclinajas lidz ar
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grauzdésanas pakapi, un Sie atklajumi atbilst Rao, Fuller and Grim (2020)
pétijuma datiem. Tassew et al. (2021) liecina, ka pH cie$i korelé ar kafijas
kvalitates raditajiem, ka skabums, dz€riena tekstira un kop€jais sensorais
noveértgjums. Oglhidratu sadaliSanas grauzd@Sanas procesa un organisko skabju
noardisanas var ietekmét pH izmainas kafija. Pieméram, skudrskabe un etikskabe
ir saistitas ar zemaku pH viegli grauzdéta kafija un to koncentracija samazinas
lidz ar grauzdésanas procesu (Ginz et al., 2000; Rao, Fuller & Grim, 2020).

Aminoskabju saturs tris kafijas grauzdéSanas pakapés ir attélots 8. tabula. No
17 aminoskabém 13 uzradija vislielako koncentraciju vid&ji grauzdéta kafija.
Palielinoties grauzdéSanas pakapei, samazinajas tikai serina un cisteina
koncentracija. Glutaminskabe uzradija vislielako koncentraciju visas
grauzdeSanas pakapées, salidzinot ar citam aminoskabém. Ar Fisera testu netika
konstatétas nekadas saistibas starp grauzdéSanas pakapi un aminoskabju
koncentraciju, lai gan starp vairakam aminoskabém tika noverotas savstarp&jas
korelacijas, 1pasi vid&ja grauzd&juma pakapes kafijai.

Argintnam bija spéciga korelacija ar cisteinu (1=0.999; p<0.05),
glutaminskabei ar glicinu (r=1.000; p<0,05). Leicins ciesi korelgja ar alaninu,
tirozinu, valinu, metioninu, izoleicinu un fenilalaninu (r=0.998; p<0.05).
Spécigas korelacijas tika konstat€tas ari starp alaninu, tirozinu, valinu,
metioninu, izoleicinu, fenilalaninu (r=1.000; p<0,05). Grauzd&Sanas process
neuzradija tieSu saistibu ar aminoskabju profilu. Saskana ar ieprieksgjiem
petijumiem glutaminskabe un asparaginskabe ir domingjosas aminoskabes
grauzdéta kafija (Bressanello et al., 2017).

Taukskabju saturu bitiski ietekmgja grauzdéSanas pakapes. Piesatinato
taukskabju, mononepiesatinato taukskabju un polinepiesatinato taukskabju
saturs bija visliekakais vidgji grauzdétaja kafija un vismazakais viegli
grauzdétaja kafija.

Vislielakais kopgjais fenola un flavonoidu saturs konstatéts viegli grauzdéta
kafija (attiecigi 292.85 mg GAE 100 mL?! un 18.26 mg CE 100 mL™) un
vismazakais tum$a grauzdéta kafija (246.17 mg GAE 100 mL?; 15.79 mg CE
100 mL) (9. tabula). Atsevidku fenola savienojumu saturs ir paradits 10. tabula.
Gandriz visu fenola savienojumu koncentracija biitiski samazinajas lidz ar
grauzdéSanas pakapi, 3,5-dihidroksibenzoskabe un hlorogénskabe uzradija
vislielako koncentraciju visas tris grauzdéSanas pakapés. Palielinoties
grauzd@Sanas pakapei, palielinajas tikai sinapinskabe un 4-hidroksibenzoskabe.

Atsevisku fenola savienojumu satura samazina$anos, palielinoties
grauzdeéSanas pakapei, apstiprinaja fenola savienojuma sadali$anas process, kuru
ietekmé grauzdéSanas temperatiira un laiks (Coelho et al. 2014; Kwak, Ji &
Jeong, 2017). Zinatniskaja literatira noradits, ka kafija visizplatitakie fenola
savienojumi ir hlorogénskabe un 3,5-dihidroksibenzoskabe. Moreira et al. (2012)
ir ierosinajusi, ka Sie divi savienojumi varétu ietekmét kafijas melanoidina
veidoSanos. Straujo hlorogénskabes satura samazinaSanos, palielinoties
grauzd@Sanas pakapei, var saistit ar vairakam kimiskam reakcijam grauzdéSanas
procesa. Kafijskabes koncentracijas palielinas Iidz ar hlorogénskabes
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samazinaSanos (Frank et al., 2007; Kamiyama et al., 2015). Budryn et al. (2015)
un Farah etal. (2005) zinoja par strauju hlorogénskabes degradésanos un vienlidz
strauju hlorogénskabes laktona koncentracijas palielinasanos p&c vieglas
grauzdésanas pakapes.

Palielinats gaistoSo fenola savienojumu saturs tumsa grauzdéSanas pakape
var bt saistits ar fenola savienojuma degradaciju. Pieméram, kafijskabe pie
tumsi grauzd@étas kafijas pakapes, parvérsas Citos gaistoSos fenola savienojumos,
pieméram, 2-metoksi-4-vinilfenola. Organiskas skabes ir jutigas pret
grauzd@Sanas procesu un to koncentracija strauji samazinas, palielinoties
grauzdéSanas limenim. Ginz et al. (2000) liecina, ka organisko skabju saturs
ievérojami samazinas grauzdéSanas temperatiras sasniedzot 210 °C (Jham et al.
2007; Wan Kamarul Zaman, Loh, & Mohd Esa 2019).

Akrilamida saturs sakuma uzradija piecauguma tendenci lidz ar grauzdésanas
pakapi, lai gan tas sasniedza maksimalo vertibu vid&ji grauzdéta kafija (310 pg
kg1), bet péc tam strauji samazinajas tumsi grauzdeta kafija (260 ug kg™). Saja
petijuma akrilamida saturs bija zemaks par Regula (EU) No 2158/2017
noteiktajiem kritérijiem akrilamida klatblitnei grauzdéta kafija (400 pg kg?).
Maijara reakcijas laika akrilamids veidojas no reducgjoSiem oglhidratiem un
asparagina, tom@r netika konstatéta korelacija starp asparaginskabi (asparaginu)
un akrilamida saturu kafija (Bagdonaite, Derler & Murkovi¢, 2008; Bertuzzi et
al. 2020).

Par alternativu akrilamida veidoSanos ir zinoju$i Guenther et al. (2007).
Akrilamidu var veidot amino-dihidroksiléSanas vai pirolitiskas reakcijas
rezultata. Serins un cisteins var parverst pirovinskabi pienskabé un $ajas
reakcijas radit akrilamidu. Sis varétu biit viens no iespgjamiem skaidrojumiem
akrilamida veidoSanos $aja pétijuma, jo serina un cisteina saturam ir negativa
korelacija ar akrilamida saturu.

4. Dazadi grauzdétas un pagatavotas kafijas
aromatveidojoSo savienojumu uztveres izvertéjums,
izmantojot gazu hromatografiju-olfaktometriju

No atklatajiem 56 gaisto$ajiem savienojumiem 30 tika noteikti ka
aromatveidojosi savienojumi. Vertetaji vargja identificét 23 dazadus aromatus.
Aromatu biezums kafijas paraugos ir att€lots 5. att€la, biezak sastopamie aromati
bija salds, adas, skunksa, deguma un riekstu (konstatéts 7—15 reizes). Ar Pirsona
h1 kvadrata testu netika konstatétas biitiskas atskiribas starp aromatu biezumiem
un kafijas paraugiem, lai gan tika atklatas butiskas atSkiribas starp gaisto$ajiem
savienojumiem un aromatiem.

Visbiezakais aromats (salds) bija saistits ar seSiem dazadiem gaistoSiem
savienojumiem (11. tabula). AromatveidojoSais savienojums benzolacetaldehids
visos paraugos bija saistits ar saldu aromatu, iznemot viegli grauzdétu francu
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preses kafiju, kur tas tika uztverts ka asa aromats. Zinatniskajas publikacijas
benzolacetaldehids arT tiek asociéts ar saldu, auglu aromatu (Flament 2001;
Chen, Chiang, & Chung 2019). Viegla, vidgja filtra, vidgja francu preses un
tumsa francu preses kafija 3-furanmetanols bija saistits ar saldu aromatu, lai gan
§is savienojums iepriek$ nav identificéts ka aromatveidojoss savienojums. Ar
karamelu un deguma aromatu kafija tiek asociéts 2-furanmetanols (Caporaso et
al. 2018). Turklat 1-(6-metil-2-pirazinil)-1-etanonam bija salds aromats viegla
franéu kafija, 2-etil-6-metilpirazinam vidgja grauzdéjuma filtra Kkafija,
nonanalam tumsa kafija un 1,2-dihidrolinalolam. tumsa francu preses kafija.

Kopa tika atklati un kvantificéti 56 gaistoSie savienojumi: 34 gaistoSie
savienojumi bija vid&ji grauzdgéta kafija, 39 bija viegli grauzdéta kafija un vidgji
grauzdéta francu preses kafija, bet 45 savienojumi tika atklati tumsi grauzdéta
francu preses kafija. GrauzdéSana pakape un pagatavosanas metode neuzradija
butiskas at$kiribas 2-etil-3-metilpirazina koncentracija, lai gan ta aromats katra
parauga tika uztverts atSkirigi. Butiskas izmainas nanonal un
3-etil-2,5-dimetilpirazina koncentracija starp paraugiem apstiprina to atskirigo
aromatu uztveri Katra parauga. Pieciem aromatveidojoSiem savienojumiem
aromata uztveri neietekmé&ja grauzd€Sanas un pagatavoSanas process. VisoS
paraugos 2-n-heptilfurans un 1-(1h-pirol-2-il)-etanons tika uztverts ar adas
aromatu, 2-metilpropanals ar sviesta aromatu, dimetiltrisulfids ar sénu aromatu,
n-(2-cianoetil)-pirols ar sviedru aromatu.

Galveno komponensu analize (PCA) vizualizgja grauzdéSanas un
pagatavoSanas ietekmi uz gaistoSo savienojumu saturu un GC-O noteikto
aromatu biezumu (6. att.). PCA arT vizualiz§ja sadalijumu starp grauzdé$anas
pakapém un pagatavo$anas metodém. Pirma komponente iedalija paraugus p&c
grauzdéSanas pakapeém, bet otra komponente — péc pagatavoSanas metodeém.

Tumsi grauzdéta kafija paaugstinata 2,2'-[oksibis(metilén)]bisfurana
koncentracija ir saistita ar kafijas defektu, kas radies grauzdéSanas procesa
(Akiyama et al. 2007; Toledo et al. 2016; Yang et al. 2016). Savukart talak
Maijara reakcija un hlorogénskabju noardiSanas rezultata veidojas
4-amino-2-metoksipirimidins, kas tiek asociéts ar Kkafijas negativu sensoro
kvalitati (Toledo et al. 2016; Laukaleja & Kruma 2019).

Tumsi grauzdétas kafijas intensiva garSa un aromats ir saistits ar pirola
savienojumiem. Piroli un piridini veidojas pirolina termiskas noardisanas laika,
un parasti §is reakcijas notiek talak grauzdéSanas procesa (Mayer, Czerny, &
Grosch 1999; Moon & Shibamoto 2009; Wei et al. 2017). Tumsai grauzdetai
filtra kafijai bija spécigaka korelacija ar gaistosiem savienojumiem, kuri nebija
aromatveidojosi.

46



5. Patérétaju sensorais novértéjums par dazada
grauzdéjuma kafijam ar iesp&jami lielaku biologiski aktivo
savienojumu koncentraciju

Péc aglomerativi hierarhiskas klasterizacijas (AHC) kafijas patérétaji tika
iedaliti divas grupas (1. Klasteris (n=45) un 2. Klasteris (n=45)), pamatojoties uz
paraugu patikSanas vert€§jumu un velmi iegadaties kafijas paraugus. AHC
rezultati apstiprina, ka datu binomialais sadalijums norada uz divam atskirigam
kafijas paterétaju grupam, no kuram 1. Klastera pateérétaji sniedza butiski lielaku
kafijas patikSanas vertg§jumu un velmi iegadaties to, salidzinot ar 2.Klastera
patérétajiem.

Péc FiSera testa nebija konstatétas saistibas starp dzimumu un patérétaju
grupam (p=0.646) un vecumu un paterétaju grupam (p=0.734). Lielaka dala
patérétaju kafiju dzer vismaz reizi diena, un 54% no tiem izvélas filtra kafiju
(25.6% 1. Klasteris un 28.9% 2. Klasteris). Lidzigi ka Czarniecka-Skubina et al.
(2021) pétijuma, lielaka dala Polijas patérétaju dzer kafiju majas (42.2%) un
darba (34.4%). Savukart, pretstata ar patérétaju grupam Polija, $aja petjjuma
netika konstatétas bitiskas atskiribas patérétaju grupam un vietas, kur paterétaji
dzer kafiju.

No 90 paterétajiem 70% uzskata, ka uznemtais kafijas daudzums nosaka
kafijas ietekmi uz veselibu (33.3% 1. Klasteris un 36.7% 2. Klasteris) (7.att.).
Abas patérétaju grupas uzskata, ka kafijai ir vairak pozitiva ietekme uz veselibu
(16.6% 1. Klasteris un 8.9% 2. Klasteris) neka negativa (0% 1. Klasteris un
2.2% 2. Klasteris). Var noveérot, ka dazi paterétaju ieradumi ir domingjosaki neka
citi, lai gan péc Fisera testa netika konstatétas biitiskas asociacijas starp klasteru
grupam un kafijas patérina paradumiem. P&c dispersijas analizes (ANOVA) ar
Tjikija testu netika konstatéta paterétaju kafijas patérina ieradumu ietekme uz
kafijas paraugu patikSanas novértgjumu. Tai skaita netika konstat&tas asociacijas
starp patérétaju biezak izvéleto kafijas pagatavoSanas metodi un Klasteru grupu
vai patikSanas raditajiem. Toties kafijas paterétajiem no abam grupam bija
butiski atskirigs filtra kafijas paraugu patiksanas novértgjums.

Patéretaji no 1. Klastera uzradija ievérojami augstakus patik$anas raditajus
attieciba uz visam sensorajam ipaSibam (vért&jumi amplitada no 5.87 lidz 6.76),
savukart 2. Klastera patérétaji uzradija ievérojami zemakus patiks$anas raditajus
attieciba uz visam sensorajam ipasibam (vertéjumi amplitiida no 3.22 lidz 5.84)
(12. tabula). Parauga patik$anas, aromata un garSas ipaSibu patikSanas raditaji
starp patérétaju grupu un paraugiem butiski atSkiras, iznemot kopgjo tekstiiru
(p=0.20).

Lai gan netika konstatétas bitiskas atSkiribas starp ¢etriem paraugu sensoro
ipasibu patiksanas vert&jumiem, viegli grauzdétas kafijas paraugi vairak patika
patérétajiem no 1. Klastera un vidgji grauzdétas kafijas paraugi patérétajiem no
2. Klastera. Patérétaji no 1. Klastera LF kafijas paraugu novértgja augstak to
aromata, garSas patikSanas vert€§juma un pretgji — paterétaji no 2. Klastera
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uzradija viszemako vertgjumu. Paterétaji no 2. Klastera pec kafijas garSoSanas
noveértgja paraugus ar bitiski zemaku veért€jumu, savukart patérétaji no 1.
Klastera kafijas paraugus péc degustacijas novért€ja ar lielaku punktu skaitu.
Patérétaji no 1. Klastera izradija lielaku vélmi iegadaties kafijas paraugus neka
2. Klastera paterétaji, ja zinatu, ka tie satur palielinatu antioksidantu saturu.

Péc Kendala t korelacijas datiem (13. tabula) paraugu sensoro ipasibu
patikSanas raditajiem noverota pozitiva korelacija ar veélmi iegadaties kafijas
paraugus. Abu patérétaju grupu kafijas paraugu kopé&jais aromata un teksttiras
novert€jums uzradija vaju korelaciju ar vélmi iegadaties Kafijas paraugu.
Spécigaka korelacija ar velmi iegadaties kafijas paraugus 1. Klastera
patérétajiem bija ar kafijas paraugu patiksanas novértéjumu, tacu 2. Klastera
patérétajiem ar kafijas garSas noveért§jumu. Tas varétu liecinat, ka 2. Klastera
patérétaju vélmi iegadaties kafijas paraugus un patikSanas vertgjumu varétu
ietekmét nepatikamas garsas aspekti.

Penalty analizes dati liecina, ka rigtums un skabums batiski ietekmé kopgjo
kafijas paraugu patiksanu, ipasi 2. Klastera patérétajiem. Patérétaji no 2. Klastera
novertgja visus kafijas paraugus ka parak riigtus un parak skabus. Paterétaji no
1. Klastera LF kafijas paraugam visvairak izvel&jas “JAR” (tiesi laika) verte&jumu
kafijas skabumam (69%) un rigtumam (69%) (8. att.). Tikm&r 73% paterétaji no
2. Klastera LF parauga skabumu novertgja ka "parak daudz" un 56% ragtumu ka
"parak daudz". Rezultati ir saskana ar garSas patikSanas novértgjuma raditajiem,
kas paraditi 12. tabula, kur 1. Klastera patérétajiem visvairak patika LF parauga
garsa, bet 2. Klastera patérétajiem LF parauga garSa vismazak patika no visiem
Cetriem kafijas paraugiem. Penalty analize ar norada, ka 2. Klastera patérétaju
fran¢u preses kafijas (LF un MF) patikSanas vertéjumu batiski ietekmé, ja to
uzskata, par parak skabu, un filtra kafiju (LD un MD), ja uzskata to par parak
skabu un ragtu. Tikai francu preses kafijas rigtumam nebija butiskas ietekmes
Uz patérétaju kafijas parauga patikSanas novertgjumu.

P&tijums apstiprina iepriek$gjo zinatnisko p&tijumu secinajumus (Cotter et al.
2021), kur patérétaji, kuri bija konservativaki attieciba uz kafijas garSas
ipasibam, butiski izvertgja kafijas paraugu skabumu. Bhumiratana et al. (2019)
pétijuma par kafijas dzerSanas paradumiem un ar to saistitam emocijam secinaja,
ka Kkafija ar izteiktaku skabumu patérétajiem ir saistita ar tadam emocijam ka
vainas apzina, garlaiciba, nelidzsvarotiba. Kafija esoSais kakao, deguma aromats
un riigtd garSa bija saistita ar pozitivam emocijam. lesp&jamais izskaidrojums
kafijas paterétaju nepatikai pret skabu garSu varetu biit nepazistama asociacija ar
specialty kafijas garsu.

SECINAJUMI
1. Cietas fazes mikro ekstrakcijas Skiedras izvele butiski ietekm@ gaistoSo
savienojumu noteik8anu specialty kafija. CAR/PDMS bija vieniga Skiedra,

kas sp&a uzradit ieverojami vairak nozimigo gaistoSu savienojumu ar
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lielakiem smailu laukumiem no visam kimiskajam klasém, iznemot fenolu
savienojumus.

. Tika konstatéta pozitiva korelacija starp sensoras kvalitates novertgjuma
raditajiem un kopgjo fenolu, flavonoidu saturu Roastery 1 kafijas paraugos
un negativa korelacija starp sensoras kvalitates novertgjuma raditajiem un
kopgjo fenola, flavonoidu saturu un ABTS**, DPPH-" antitradikalo aktivitati
Roastery 2 kafijas paraugos. Rezultati apliecina, ka grauzdétajiem
raksturigie grauzdesanas parametri var ictekmét gaistoSo savienojumu profilu
un kopgjo, individualo fenola savienojumu saturu.

. Vislielakais kop&jo fenolu, flavonoidu saturs (291.85 mg GAE 100 mL7;
18.26 mg CE 100 mL?) un fenolu ka, 3,5-dihidroksibenzoskabes (217.24 mg
100 mL?), hlorogénskabes (117.54 mg 100 mL?) un rutina
(9.70 mg 100 mL™?) tika konstatéts viegli grauzdéta kafija un to saturs
samazinajas, palielinoties grauzdgjuma pakapei.

Grauzdesanas pakapes neuzradija tieSu saistibu ar aminoskabju profilu, lai
gan starp vairakam aminoskab&m tika noverotas sp&cigas korelacijas vidgja
grauzdéjuma pakapes kafija. Savukart, taukskabju saturs bija vislielakais
vidgji grauzdeta kafija un vismazakais viegli grauzdgeta kafija.

Izmantojot olfaktorisko specialty kafijas vardnicu, tika noteikti 23 aromati un
30 aromatu veidojosi savienojumi.

. Biezakie aromati specialty kafijas gaisto$ajiem savienojumiem tika asociéti
ar saldumu, pel&jumu/mitru pagrabu, adu, skunksu, degumu un riekstiem.
Penlaty analize apstiprina, ka kafijas parauga skabums un riigtums var batiski
ietekm@t gan patérétaju grupu patikSanas raditajus, gan veélmi iegadaties
kafiju.

. P&tijuma rezultati pierada, ka pastav saistiba starp sensoro Ipasibu patiksanas
raditdjiem un melnas kafijas patérétaju pirksanas nodomu. Informacija par
iesp&jami palielinatu antioksidantu saturu kafija neietekmgja patérétaju velmi
iegadaties kafiju.

. Pétfjumu iegiitie rezultati noraida hipotézi, ka pielagojot grauzdeéSanas
pakapi, kafijas patérétaji dotu priekSroku specialty kafijai tas palielinato
biologiski aktivo savienojumu satura dgl.
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