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ABSTRACT

A coffee crop may consist of up to 1/5 of defective beans and finding a suitable destination for this material is economically interesting. Many coffee
industries collect the selections - material containing coffee defects - and blend them with non-defective coffee fruits in specific proportions to obtain a
marketable product. Studies on the composition of selections are scarce. Hydro- and liposoluble bioactive compounds were determined in five types of
roasted and ground selections of coffee Arabica and in healthy Arabica and Robusta coffee species throughout an optimized HPLC-UV/Vis-MS-based meth-
od. Nicotinic acid and 4-CQA were not detected. Black and sour beans seem to increase the level of caffeine (variation from 1.3 to 2.4 g 100 g* of sample)
in the selections. The occurrence of defects decreases the level of 5-CQA, the main representative chlorogenic acid. Trigonelline content is high in Arabica
coffee, and the presence of defects does not promote a clear variation in its amount. Kahweol concentration (~74.6 to 76.9 mg g* of oil) was practically
the same up the Arabica sample set; this diterpene was absent in Robusta coffee. Cafestol (variation between 12.4 and 16.4 mg g* of oil) is a good quality
indicator. Kahweol and 16-O-methyl cafestol are species indicators, and caffeine can point out the species of coffee. PCA revealed that sour beans were
associated with the presence of kahweol, while cafestol and trigonelline were correlated to the occurrence of coffee skin. The higher the proportion of
black beans, the more balanced the contents of water-soluble and liposoluble compounds.

Key words: PVA; Coffee harnessing; HPLC-based method; Selection of coffee; Water- and fat-soluble compounds.

1 INTRODUCTION

The sensory attributes of roasted and ground coffee
brews are heavily dependent on the chemical composition of
coffee beans. The presence of defective beans during processing
and roasting reduces overall cup quality by contributing to off
flavours (Casas et al., 2017; Dias et al., 2010; Giacalone, et
al. 2018). Two species of coffee are commercially relevant:
Coffea canephora Pierre ex A. Froehener (Robusta coffee) and
Coffea arabica L. (Arabica coffee). Arabica usually produces
full-bodied coffees, with a more refined aroma, but more
expensive; Robusta is widely used in the production of instant
coffee because this species has a higher content of soluble
solids. Robusta can be also added to Arabica coffee to produce
blends of roasted and ground coffee (Dias and Benassi, 2015;
Mendonga; Franca and Oliveira, 2009).

There are two main methods for harvesting coffee
cherries: selective harvesting and stripping. In the first system,
only the ripened fruit is harvested selectively from the tree, in
several rounds. Visually chosen and handpicked, the harvested
coffee meets the standards due to the uniformity of the cherries.
In the second method, whole coffee cherries are harvested at
most in three rounds, usually made by machinery. In both cases,
when cherries are dropped to the ground (this is especially the
case in the second technique), they have to be either raked
up and collected manually or collected by machines (mostly
based on a suction principle) and transported to the processing
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facilities. This coffee stubble may contain non-defective ripen
beans, and important coffee defects, such as immature or
overripe cherries, insect damaged, broken or brocade beans,
black and sour beans, leaves, and strange matters, such as
straw, wood, skin, stones, and clod (Haile and Kang, 2019;
Wintgens, 2004). This mix of the matter is commonly named
as “selection” in Brazilian coffee farms. Varied proportions of
healthy coffee beans and defective beans and other undesirable
material are found in different selections. The selection
composition is dependent on a series of factors including the
harvesting method chosen, the type of machinery employed,
the procedures of selection, the uniformity of maturation, the
yield per hectare, tree density, the gradient of the slope etc.

Defective coffee beans are present in a crop up to 20%
(Dias et al., 2018) and separating them from non-defective
beans is not an easy task - sometimes it is impossible,
depending on the type of defect and the occurrence of foreign
matter. In many roasting industries, selections are intentionally
added to harvested non-defective beans in specific blends
and proportions (from 5 to 20% of selections). This practice
improves the use of raw materials and allows them to
standardize the quality of industrialized roasted coffee (Dias et
al., 2018; Brasil, 2003).

Before any coffee is commercialized, it is classified
by the number of defects, screen size, and cup quality. The
defect count is supposed to provide a general idea of the
quality of the cup. There are international standards for the
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presence of defects of coffee and the allowed use limit. Two
green coffee classification methods have been described as
more comprehensive and accurate. The SCAA Green Coffee
Classification Method (SCAA, 2022) is more relevant when
applied to specialty green coffee beans, but it leaves out a few
of the important defects, typical for lower grade coffees. The
Brazilian/New York Green Coffee Classification Method is
more precise in terms of differentiation more along the whole
spectrum of quality and complete in terms of encountered
defects, but also more time consuming to determine. Yet, it
allows achieving a good relationship between the defective
coffee beans and the cup quality.

Roasting is the process step that most strongly changes
the chemical composition of the bean when transforming the
green into roasted beans (Divi$§; Pofizka and Kiikala, 2019;
Vignoli et al., 2014). Almost all sucrose content of coffee is
degraded (96-98%) after medium to dark roasting. Among
chlorogenic acids, a class of antioxidant compounds of the
coffee matrix, 65% (medium roasting degree), and 85%
(dark roasting degree) of compounds contained in green
coffee are degraded. The production of formic and lactic
acids was related. The highest concentration of organic
acids was observed in medium roasted coffee. Cafestol and
kahweol, two diterpenes of the unsaponifiable matter of
coffee, are degraded during roasting to dehydro derivatives
(Dias et al., 2014). It is important to mention that cafestol
is probably responsible for the effect on serum cholesterol
levels and kahweol is mainly responsible for the effect on
liver enzyme levels. During roasting, trigonelline partially
degrades to produce two important compounds, pyridines
and nicotinic acid (aka vitamin B3 and niacin), such that a
dark roast will contain only a small fraction of its original
trigonelline content. Trigonelline has therapeutic potential
as a neuroprotective and hypoglycaemic agent, in addition
to anticarcinogenic effects. Nicotinic acid may help lower
cholesterol, ease arthritis, and propel brain function, among
other benefits (Alves et al., 2006; Casal et al., 2000; Ashihara;
Ludwig and Crozier, 2020; Jeszka-Skowron; Frankowsk and
Zgota-Grzeskowiak, 2020).

The main reasons for caffeine being the most well-
known and investigated coffee compound is that (i) the level of
caffeine in healthy coffee beans is not markedly reduced during
the process of obtaining RG coffee (Dias; Benassi, 2015), and
(i1) its health effects (Ashihara; Ludwig and Crozier, 2020).

There are well-defined methods to grade green coffee
according to the presence of coffee defects - it is important to
highlight that it is applicable for unroasted beans; there is no
official method for roasted samples in Brazil. For example,
considering the SCAA Coffee Beans Classification, specialty
green coffee beans cannot have more than 5 full defects in
300 grams of coffee. Specialty coffee must possess at least one
distinctive attribute in the body, flavor, aroma, or acidity. It
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must be free of faults and taints and no quakers are permitted
(SCA, 2022). All these classification definitions of the
selections are done based on the green bean. Once roasted
and ground, however, the assessment of the quality of coffee
becomes exceedingly difficult based on visual clues. Besides,
there is no information in the literature about the composition
of selections, once roasted.

De Moraisetal. (2007) studied the chemical composition
of Arabica coffee and defective beans submitted to different
degrees of roasting. Posteriorly, Franca and Oliveira (2008)
reported a review on physical and chemical attributes of
defective coffee beans in comparison to healthy ones is herein
provided, for both green and roasted coffees. They highlighted
that differences in chemical attributes include proximate
composition, acidity, pH, sucrose levels, caffeine, trigonelline,
chlorogenic acids, amines, and volatile substances, but, in
the case of roasted coffee, only an evaluation of the volatile
profile will effectively provide the means for differentiation.
Casas et al. (2017) emphasized that the presence of defective
beans during processing and roasting contributes to off flavors
and reduces overall cup quality. The researchers listed a set
of 35 compounds in roasted beans, dominated by volatile
compounds, organic acids, sugars, and sugar alcohols, which
were sufficient to discriminate the defective to non-defective
fractions.

In a previously work, this research group reported the
development of a method based on Infrared spectroscopy
and photoacoustic detection (FTIR-PAS) associated with
multivariate calibration potentially able for discriminating
the coffee selections (Dias et al., 2018a). In the current study,
water-soluble bioactive compounds and diterpenes of the lipid
fraction of coffee were identified and their concentration was
estimated. The selections have never been investigated before
in terms of chemical composition and in this form (directly
obtained from the harvest field and analysed). The selections
are genuine samples and new to the field of investigation of
the chemical composition of coffee.

2 MATERIAL AND METHODS

Samples were provided by Instituto Agrondmico do
Parand (IAPAR): Latitude—23.29, Longitude—51.17; 23° 17’
34" S, 51° 10" 24" W, humid subtropical climate. Samples
of healthy and whole Arabica coffee beans, healthy and
whole Robusta coffee beans and five selections from the
Arabica crop were evaluated (Table 1). The selections were
chosen from a panel of 25 blends with different proportions
of defects. They were described in a previous report (Dias
etal., 2018b) and analysed by FTIR-PAS and chemometrics
(Dias et al., 2018a). Those selections that presented the
highest proportion of each pre-identified parameter were
used (Table 1).
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Table 1: Samples of selections investigated here. Each
selection is defined by a Sample ID and the proportion (w/w) of
six selected defects.

Sample Parameter (%)
ID* whole broken  sour black skin wood
El 10.6*  37.4* 374 13.2 1.30 0.100
E2 3.60 11.8 31.6 43.0* 9.90 0.100
E15 0.60 7.60 73.5% 15.3 1.70 0.300
El6 3.10 19.1 50.1 7.70 19.6*  0.200
E25 7.20 7.70 58.9 14.3 6.7 5.10%

aldentification of selections (E) according to the panel of 25 selections
described in Dias et al. (2018b). *The highest value (in %) of the
parameter found among the 25 selections. (E1 has the highest % of
healthy whole beans and broken beans).

The seven samples (five selections and the two whole/
non-defective samples of Arabica and Robusta coffees) were
roasted to the same roasting degree: medium-dark (~17%
weight loss; 22 to 26 lightness provided by a Konica Minolta®
portable colorimeter BC-10). They were then ground (Ditting
grinder, from Bachenbiilach®, Switzerland, model KR805;
setting/level 2) before going for analysis.

3 DETERMINATION OF BIOACTIVE
COMPOUNDS

Qualitative and quantitative assessment of specific
water- and lipo-soluble compounds was achieved through an
Agilent 1200 series HPLC instrument coupled to a DAD UV-
Vis detector and mass spectrometer (Agilent®, Santa Clara,
USA; model 6130) with simple quadrupole/electrospray
ionization (ESI).

Certified standards for caffeine, 3-CQA, 4-CQA,
and 5-CQA (Sigma®, Steinheim, Germany) were used,
while additional compounds were evaluated by their molar
absorptivity. The calibration curves for 5-CQA and caffeine
were obtained with nine dilution levels: 1, 2, 10, 50, 100, 200,
300, 400, and 500 ppm (triplicate). 3-CQA was quantified
considering the molar absorptivity of 5-CQA (Shan et al.,
2017).

The moisture content of the samples was determined
in Halogen Moisture Analyzer equipment (Mettler® Toledo;
Greifensee, Switzerland) with a heating gradient of 0 min
(25°C) - 5 min (105 °C) - 7 min (105 °C) and used to calculate
concentrations on a dry matter basis.

Extraction with water and HPLC-DAD-ESI-MS
analysis were used to determine caffeine, chlorogenic acids,
trigonelline and nicotinic acid. A previously developed and
validated method was used (Alves et al., 2006), where 0.500
g of roasted and ground (RG) coffee was submitted to hot

extraction in 30.0 mL of purified water (Milli-Q® Reference
Water Purification System) (resistivity 18.2 MQ.cm at 25 °C),
dilution (factor 5), filtration (Millipore®, Billerica, USA; 0.45
um), and injection into the HPLC. Start conditions were based
on a method previously described (Alves et al., 2006; Dias
and Benassi, 2015). The chromatographic conditions were
adapted.

The lipid content was determined by extraction (10.0
g of ground coffee with 20.0 g of sodium sulphate - as
dehydrating agent) via a Soxhlet apparatus (Biichi® B-811;
Flawil, Switzerland) for 3.5 h with tert-butyl methyl ether,
adapted from Wermelinger et al. (2011) (originally proposed
a 5 h of extraction).

For liposoluble compounds determination, a
previously developed extraction method (Dias et al., 2010)
was employed, which consists of direct hot saponification
of RG coffee sample (0.200 g) with potassium hydroxide
saturated solution (Merck®, Darmstadt, Germany), extraction
of unsaponifiable matter (which contains diterpenes) with
tert-butyl methyl ether (Merck®, Darmstadt, Germany),
cleaning with water, dilution, filtration (Millipore®, Billerica,
USA; 0.45 pum) and injection into the chromatograph.
Cafestol, kahweol, and 16-O-methyl cafestol (16-OMC)
were determined.

The identification of compounds was based on the UV-
Vis spectrum profile, maximum absorption wavelength (A, ),
retention time (R), peak profile, and MS spectrum (more
information is available in Table 2).

The chromatographic column (Phenomenex Kinetex®
2.6 um, C18,100 A, 100 x 2.1 mm) was shorter and had smaller
stationary phase particles compared to that used in the original
method (Alves et al., 2006). After studying chromatography
and MS conditions, minor changes were made. The best results
for water-soluble compounds determination were obtained
using mobile phase A (water), B (acetonitrile); 0 min, 70% A;
10 min, 55% A; 15 min, 40% A; 20 min (stop), 35% A (the
analysis time was reduced to 2/3). For liposoluble compounds,
isocratic elution (55:45 v/v acetonitrile: water solution) was
used. Further suited parameters were an injector temperature
of 10 °C and column temperature of 25 °C; for MS: drying gas
flow (N,) of 13 L min", drying gas temperature of 350 °C,
nebulizer pressure of 60 psig, the capillary voltage of 2500 V
for positive mode and 3500 V for negative, 100-600 m/z range,
and 150 V of shredder voltage.

The average (triplicate) of HPLC-DAD-ESI-MS
measurements was used. Analysis of variance and the Tukey
test (p < 0.05) were applied for group means comparison using
a randomized split-plot design of Statistica 7.0 (Statistica for
Windows-Computer program manual Version 7.0, Statsoft
Inc.: Tulsa, OK, USA, 2005). Data was evaluated by Principal
Components Analysis (PCA) using software Paleontological
Statistics version 4.03 (Hammer et al., 2001).

Coffee Science, 17:€172027, 2022



DIAS, R. C. E. et al.

‘yiBusjaaem uondiosge wnuwixew = v ‘yead uol Jejnosjow = ,HIAl ‘ewi) uonualel = 1y
'SUONeIABIGQY "DOV-G UM Jayiabo) painje sem YOO eyl Alljiqissod e si alay) ‘alojesay] ainjes}l] 8y} Ul paquosap yead ,HIN 98U} JO AlSusiul 8Alje|al suies 8y} 9ABY JOU S80p |G| Z/W dead ,

(9007 ‘102dS

EE) e

pawLyuo) - -3ul[Qy pue Joads 10T “[¢ 10 Sutuunn) srmesan ayy 0 - (yead aseq) 667 ‘1€€ L¥1°66T ‘1€€ (1gg) aamsod 20’6 0€T Apow-0-91
Teqruas syead QA “syead orydeiSojewoIyo pauryap-1om 14
(900 ‘192dg e
pawguo)  -3uIqio3 pur 193dg 10107 “T8 IO SEIQ) AMJRIN AP 0 ‘ 66T ‘18T °L1¢€ (L1©)onmisod LUV 0€¢ 1038358D)
e d <in -syeod omudeis . (read seq) 66T ‘18T
Truars syead SIA syyead orydei3ojeworyo pauLyop-[iop
(900¢ ‘100dg cle
pauLyuo)  -3uloy pue 193dg 10T e 10 SeIQ) AIMLINI Y 0} ‘ L6T 6LT ‘SIE (sTe)Pamsod  g¢y 06T [oamuyey
e 4 < -sead oruders ) (yead aseq) L6T “6LT
raas syead SN “syead oryderSojewonyd paurjop-1opm
(¥1oz
UOIJRWLIJUO)) uonduosop syead SIA pue oryder3ojewony) z/ut TeyuouiLIddX g ‘Te 30 sei(q) eInje1dln| (HW) 9poN  (um) Ry (wu) My grqnjosodrp
©p SOpep :(z/u) S
(610 “T& 10 UOS[ HT0T “Te
pauwLIyuo) 19 SBI(T “900T “[€ 39 SIA[Y) dIMjeIdN| pue prepuels oyl 01 (%11) 8€1 ‘CHIN) S61 (%11) 8€1 ‘S61 (s61) aanisog 811 wug/e SuIRyedH
zepruars syead SN “syead oryder3ojewoyd pauryop-[opm
(S107 “@Anou] pue ejLIRN {610T <18 10 Uodf (st (¢c6)
PaULIJUuO?) “P10T “Te 12 SEI :900T “'[& 19 SIATY) | PIEpUE)S o) 0] -op) Sﬁﬁ AM HIN) €€ (%08) 16T ‘€€ oAnESON Sv'1l wu ¢Te V0D -§
Tepruurs syead SN “syead oryder3ojewoyo pouryop-[op * :
punoy (%8) €L1 “(%S°S) (€s¢) i i
punoj jJoN syyead o1sLI10BIRYD ON Jou sypad JUSLIBIOBIEY) 6L1 (90) 161 ‘cot oanEgoN wu G7¢ vOD -+
(S10T “@Anouj pue
(%8) 6L1 (%) (€5¢€)
pauiIjuon RILIEN] ‘6 10T “'[€ 10 UOS[) QINJBIS)] PUE pIepuels oY) 0} ¢ ¢ ¢ €rol wu cre v0O-€
seqrus syead Sy -syead omgdesSoreworyo pougop-popy 00D 161 CHIN) €€ 6L1 *(%01) 161 ‘eS¢ dApeSaN
(S10T “@Anouj pue ejLIRN ‘10T T8 10 SeI[d 9007 ‘e 12 jueyrodur ssof .
potHOD SOATY) Alsudiur mof Jo syead QI pue oydergojewony)  s1oyjo pue (HIN) 1 K4 (¥T1) 2amisod e e 09e PIoB OIUBOIIN
(p10T “1 10 seiq
powrguo) 90T “& 39 SPAY) AINJEIAI] AU} UI PAGLIdSAP S0y} 0) (.HW) 8¢1 8€1 (8€1)9Amsod  €9'[ wu ()97 our[[ouoSIIL
zeqruurs syead SN “syjead oryder3ojewoyd pauryap-[[op
(800 ‘yered
UOIJRWLIJUO)) syiead SN pue dryderojewory) z/ui TeyuomiLIddx g pue ojpSueuo( uoig) (LHW) 9poN  (wm) Ny  (wu) "y opqnjos-morea

BIEp QIMRIN] :(Z/1) SIN

spunodwos Jo uonesynuapy BlEp Anowonoads ssejy eyep oydergojewory)  spunodwo)

'sishleue SW-AvVQA-O1dH 40 Alewwng 1z ajgel

Coffee Science, 17:€172027, 2022



Bioactive compounds in blends of coffee defects originating from the harvesting

4 RESULTS

Caffeine, trigonelline, nicotinic acid, chlorogenic acids
(3-ACQ, 4-ACQ and 5-ACQ), and the diterpenes caveol,
cafestol and 16-O-methyl cafestol were assessed by HPLC-
DAD-MS.

Figure 1 shows a typical chromatogram obtained from
RG coffee. The chromatographic conditions produced a clean
chromatogram even considering the high complexity of the
coffee matrix.

Calibration curves for caffeine and 5-CQA showed
R? of 0.99. Nicotinic acid and 4-CQA were not detected in
the sample set. When found, these compounds are in low
concentrations in roasted coffees, sometimes only traces (Jeon
et al., 2019; Narita; Inouye, 2015; Nogueira and Trugo, 2003);
furthermore, 4-CQA separation is difficult, since chlorogenic
isomers have similar chemical structures and are often eluted
together from the chromatographic column (Nogueira and
Trugo, 2003). Nicotinic acid is a product of roasting, and its
occurrence depends on the intensity of this process and the
concentration of trigonelline, its precursor (Dias and Benassi,
2015; Seninde and Chambers, 2020).

Table 2 presents details of the analytical results.

Figure 2 reveals the discrepancy in the composition of
RG coffee samples regarding some of the most studied water-
soluble compounds of coffee.

The lipid content (w/w) of samples was 16.1% (A100),
15.7% (E2), 15.2% (E15), 14.5% (E1), 14.2% (E16), 13.2%

HO COH
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GHa 5.CQA |
0]
E pH
- ',,O
HO

3-CQA

5.00E-04
4.00E-04
NS
AN
3.00E-04 |
HO
= (o5
Trigonelline O HO
2.00E-04
| Xy “OH
1.00E-04 | |
~
\ N
Nicotinic acid
0.00E+00
0 2 4 6

(E25), and 10.7% (R100). These data indicate that the presence
of coffee defects decreases the concentration of lipids.

To estimate the content of diterpenes, the previously
determined molar absorptivity (Dias et al., 2014) was used
(R?* = 0.99 for the calibration curve of cafestol and kahweol).
16-OMC was determined using the absorptivity of cafestol.
This research group reported the development and validation
of the chromatographic methodology for the determination of
diterpenes in coffee, where chromatograms and other related
data can be found in detail (Dias et al. 2010; Dias et al., 2014).
Figure 3 presents the diterpene contents of the coffee samples.

For an exploratory view of data, Principal Component
Analysis (PCA) was applied considering water-soluble and
liposoluble compounds (Figure 4).

5 DISCUSSION

The level of water-soluble compounds for Robusta
and Arabica coffee species agrees with the range described in
the literature (Agresti et al., 2008; Dias et al., 2014; Dias and
Benassi, 2015; Feifei and Tanokura, 2015). Caffeine content
was approximately 1.6 time higher in Robusta than in Arabica.
E2, E15 and E16 selections showed higher levels of caffeine
than E1 and E25. E2 is the sample with a higher level of
black beans, and E15 has 73% sour beans, i.e., these defects
seem to raise the level of caffeine. No significant differences
in caffeine levels were reported among the defective beans
(black, sour, and immature defects) (Mazzafera, 1999).

) iiN/
N
| 2

Caffeine

O
=
OH
O
=
OH
HO

8 10 12 14

Figure 1: UV-Vis chromatogram of roasted and ground coffee (in this case, Arabica 100%). Wavelength of detection: 260 nm
(trigonelline and nicotinic acid), 325 nm (CQAs) and 275 nm (caffeine). Further details are found in Table 2.
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Figure 2: Levels' of water-soluble compounds of roasted coffee samples?. ('"Means (g 100 g db) followed by at least one same
letter do not differ significantly (p<0.05; Tukey test). 2Samples: Arabica 100% (A100), Robusta 100% (R100) and selections (E)

(see Table 1)).

90

Kahweol m Cafestol m 16-OMC
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Figure 3: Level of diterpenes (mg g of oil) in samples of roasted and ground coffee (Arabica 100%, A100; Robusta 100%, R100;

and selections, E).

However, Franca et al. (2005a) found that non-defective beans
presented lower caffeine contents (0.9%) than the defective
ones. The concentration of 5-CQA for Arabica coffee was
slightly higher than that found in Robusta coffee. Among the
selections, E16 showed the greatest content of 5-CQA, and

E15, E1 and E25 presented the lowest values. In general, the
occurrence of defects decreases the level of this chlorogenic
acid. For 3-CQA, concentrations did not differ between coffee
species. However, among the selections, there was a significant
discrepancy, with the highest content for E16 and the lowest

Coffee Science, 17:172027, 2022
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for E1 and E25, similar to that observed for 5-CQA (Figure 2).
Mazzafera (1999) reported that the contents of soluble phenols
and 5-CQA were approximately 35% higher in immature
coffees compared to immature-black and black beans. Franca
etal. (2005a) observed that black beans had significantly lower
levels of 5-CQA (~ 2-time less) compared to the other samples
(non-defective, black, immature, and sour coffee beans). There
is no information in the literature regarding 3-CQA content
and the quality of coffee beans in terms of defects.

Trigonelline content depends on the species and the
quality of coffee (Figure 2). In a previous work (Dias and
Benassi, 2015), the amount of trigonelline decreased while the
proportion of Robusta coffee increased in blends with Arabica,
as observed in the current study. Trigonelline contents were
reported: 0.489 g 100 g! for Arabica coffee and 0.380 g 100 g'!
for Robusta (medium roasting degree, 17% weight loss) (Dias
and Benassi, 2015). E15 and E16 presented higher content of
trigonelline (Figure 2). There is no consensus in the literature
about the levels of trigonelline among healthy coffees and
coffee defects. Franca et al. (2005a) reported trigonelline levels
of approximately 1% in non-defective, green (immature) and
sour coffee beans and lower values (~0.8%) for black beans.
However, Franca et al. (2005b) did not observe differences in
trigonelline contents between high- and low-quality coffees,
whereas Farah et al. (2006) found a decrease in trigonelline
concentration as coffee quality is depreciated.

The literature describes approximately 14% of lipids
(w/w) for green Arabica coffee beans and approximately 9.3%
for green Robusta (Rubayiza and Meurens, 2005). However,
roasting causes the oil concentration to increase due to water

evaporation and volatiles, and oil is more thermostable than
other fractions, such as carbohydrates, which are degraded by
thermochemical processes such as the Maillard reaction (Dias
et al., 2014; Seninde and Chambers, 2020).

The genetic  background, and
technological parameters like roasting and brewing have a
clear effect on coffee diterpene content (Moeenfard and Alves,
2020). However, among coffees with different quality it was
not observed. The level of kahweol (~74.6 to 76.9 mg g of
oil) practically did not vary with the presence of coffee defects
(Figure 3). Robusta was absent for kahweol. 16-OMC (16.2 mg
g of oil) was present only in Robusta species; cafestol content
(12.4 to 16.4 mg g of oil) subtly varied among samples and
seems to be independent of species and the quality of coffee.
Recently other studies confirmed that the diterpene profile is
dependent on other parameters, such as genetics (Francisco
et al., 2021), the roasting degree, the brew method, and the
number of ingredients (Novaes et al., 2019).

Cafestol was more efficient in differentiating coffee
quality. Kahweol and 16-OMC are species markers, result
also found in the literature (Gunning et al., 2018). Samples of
Arabica, Robusta, and of their blends, with different amounts
of defects and degrees of roasting were studied in a previous
work (Campanha; Dias and Benassi, 2010). Kahweol content
varied between 661 and 923 mg 100 g in the Arabica coffee,
and its presence was not observed in the Conilon. Cafestol
ranged from 360 to 478 mg in Arabica, and from 163 to 275 mg
100 g'! in Conilon coffee. The study highlighted the potential
of the parameters kahweol and cafestol for discriminating
species of coffee (Campanha; Dias and Benassi, 2010).

coffee species,
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Figure 4: PCA (PC1 x PC2 plot; eigenvalue scale) for Arabica coffee (A100), Robusta coffee (R100) and selections (E).
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In the Principal Component Analysis, the first
two components accounted for 82,8 % of the explained
variance. The water-soluble and liposoluble compounds
evaluated by PCA were able to differentiate the coffee
species well: A100 and R100 were plotted in opposite
quadrants and far. Caffeine, 16-OMC, and kahweol were
the variables with major relevance for PC 1. R100, located
in the right side of the plot, presented higher values of
caffeine and 16-OMC, and less content of kahweol. E15
and E2 were discriminated only by PC1. Chlorogenic
acids were the compounds more important for PC 2, with
positive correlation. A100 and E16 were located in the
positive quadrant of PC 2, and for this reason have more
5-CQA, 3-CQA and trigonelline.

E15 has more sour beans (73,5%), being correlated
to higher levels of kahweol. With almost 20% of skin, E16
was discriminated from the other samples mainly by its
high levels of trigonelline and less content of cafestol.
With similarly percentage of black beans (~ 14%), El
and E25 formed a group with low concentration of both
chlorogenic acids. E2 were located almost in the center
of PCA. This selection has 3 to 4 times more black beans
than the others, which indicates that this type of defect
hinders the efficiency of the compounds in discriminating
samples.

6 CONCLUSION

An optimized HPLC-DAD-MS-based method was
used to determine some of the more important bioactive
compounds of lipo- and water-soluble fractions of roasted
coffees with different quality. Arabica and Robusta coffees,
and the selections (blends of healthy Arabica beans with
whole, broken, sour, black, skin, and wood) were investigated.
There is a relevant discrepancy in the composition of the
two species, such as in the content of caffeine, kahweol
and 16-O-methyl cafestol. Among the selections, the main
differences were detected in water-soluble compounds, such
as caffeine, 5- and 3-CQA, and trigonelline. Considering
all the compounds together, Principal Component Analysis
promoted the discrimination of the roasted coffee samples.
The selection with more sour beans (E15) was correlated
to greater levels of kahweol. High contents of cafestol and
trigonelline were associated with the presence of coffee skin.
Low values of 5- and 3-CQA were found in the group of
selections with a similar percentage of black beans (~14%)
(E1 and E25). This type of defect seems to equilibrate the
levels of compounds. The sample with more than 40% of
black beans (E2) was practically centered on the PCI1 x
PC2 plotting. The assessed compounds have the potential to
discriminate defects of coffee in roasted samples in selections
found in coffee crops.
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