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Abstract: Phenolic compounds are secondary metabolites ubiquitously distributed in the plant kingdom which come in
a wide array of molecular configurations which confer them a comprehensive set of chemical attributes such as, but not
limited to: nutraceutical properties, industrial applications (e.g., dyes, rawhide processing, beer production, antioxidants),
and plant self-defense mechanisms against natural enemies also known as the Systemic Acquired Resistance (SAR).
However, despite the fact, that there is a large number of phenolic-containing food products (e.g., chocolate, green tea,
wines, beer, wood barrel-aged spirits, cherries, grapes, apples, peaches, plums, pears, etc.), coffee remains, in the
western hemisphere, as the main source of dietary phenolic compounds reflected by the fact that, in the international
market, coffee occupies the second trading position after oil and its derivatives. The following discussion is the product
of an extensive review of scientific literature that aims to describe essential topics related to coffee phenolic compounds,
especially chlorogenic acids, their purpose in nature, biosynthesis, determination, metabolism, chemical properties, and

their effect on cup quality.
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|
Introduction

The majority of polyphenolic compounds (e.g., flavonoids
and phenolic acids) present in coffee are characterized by
presenting in their molecular structure a basic nucleus of 15
carbons distributed in two aromatic rings (A & B) linked by
three carbons (ring C) ' and among these the most abun-
dant are chlorogenic acids (CAs) which are esters formed
by quinic acid by esterification with trans-cinnamic acids
such as caffeic acid, p-coumaric acid, and ferulic acid.

They are a group of secondary metabolites derived from
phenylalanine which are involved in the defense, structu-
re, and survival of plants, so they play an important role
in adapting them to stress conditions (eg, diseases and
pests).2 According to Joet et al. 3, “CAs are a source of cin-
namic acid derivatives and are therefore considered inter-
mediate precursors of lignin”.

The CAs constitute the predominant water-soluble, non-vo-
latile polyphenolic fraction present in the coffee bean endos-
perm *® although they can also be found, in smaller quanti-
ties, in the leaves and pulp.

Finally, it's in planta function is associated with resistance
to certain diseases,*%” which seems to be evidenced by
high CAs levels in varieties resistant to coffee cherry disea-

se (Colletotrichum kahawae) versus the low levels recorded
in susceptible ones.” They also protect plants because they
confer the ability to absorb ultraviolet rays.®

Biosynthesis

CAs are synthesized through the esterification of transcin-
namic acids (ie, caffeic acid, ferulic acid, and p-coumaric
acid) with quinic acid (Figure 1)."4&'* CAs can be divided
according to the number of cinnamic substituents and their
coupling position to the cyclohexane ring of the quinic acid.

In coffee, CAs biosynthesis occurs in the perisperm ¢ and
the leaves and then are transported and intracellularly accu-
mulated in the seeds forming complexes with caffeine * and
reach their maximum concentration when the fruits are
green.2”

The CAs concentration in the coffee bean endosperm is a
maternal quantitative trait with additive effects in in-tra-spe-
cific crosses '® which follows a sigmoid trajectory and it va-
ries during seed development, recording its greatest accu-
mulation four weeks before grain maturation '°; However,
CAs are strongly synthesized in the early stages of endos-
perm development; constituting between 15 to 20% of the
grain on a dried matter basis.?
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The metabolic segment that leads to the siripolysaccharidesngil lignin synthesis (green section) is exclusive of angiosperms.
Cinnamoyl-CoA reductase (CCR) | Cinnamon alcohol dehydrogenase (CAD) | 4-coumate: CoA ligase (4CL).

Caffeoyl-CoA 3-O-methyltransferase (CCoAOMT) | Caffeic acid O-methyltransferase (COMT).

Feruloyl-CoA quinato feruloyl transferase (FQT) | 5-hydroxylase ferulate (F5H).

Hydroxycinnamoyl-CoA quinate hydroxycinnamoyl transferase (HQT) | p-Coumaroyl CoA 3-hydroxylase (C3’'H).

Hydroxycinnamoyl-CoA: shikimate/quinate hydroxycinnamoyl transferase (HCT) | Secretory peroxidase (POD).

Phenylalanine ammonia liasa (PAL) | Trans-cinnamate 4-hydroxylase (C4H) | p-Coumaroyl CoA 3-hydroxylase (C3’H).

Adapted from Joét et al. ¢, Cheng et al. 2, Joét et al. °, & Weng et al. '°.

Figure 1. The metabolic pathway for the synthesis of CAs and monolignols.

The evidence suggests this phenomenon is attributed to the
genes responsible for CAs biosynthesis which are highly
transcribed during the early stages of endosperm formation
and their activity declines as the grain reaches maturity.?°

On the other hand, during germination, a CAs fraction sto-
red in the coffee seed endosperm is mobilized and used as
precursors for monolignols biosynthesis (ie, guaiacyl, syrin-
gyl & p-hydroxyphenyl) which are the building blocks used
in lignin production required for embryo development.32!

The coffee CAs’ subgroups generally have three isomeric
forms which differ depending on the number and position of
the acyl groups in which the quinic acid is esterified.’? The
CAs nomenclature is based on the numbering system deve-
loped by the International Union of Applied Pure Chemistry
(IUPAC) 22and so far the identified CAs’s subgroups in co-
ffee are, but not limited to:

. - Six diesters of caffeoyl-feruloyl-quinic acids
(CFQA) and feruloyl-caffeoyl-quinic acids (FCQA) that
are only present in Robusta coffee (Figure 2).232
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: Monocaffeoyl-quinic acids (isomers: 3-, 4- &
5-CQA) responsible for 76 to 80% of CAs (Figure

3)_8,10,13,25

. : Dicaffeoyl-quinic acids (isomers: 3,4-, 3,5- &
4,5-diCQA) responsible for 15 to 20% of the total CAs
(Figure 3)_2-4.10,17.26

. : Dimethoxy-cinnamoyl-caffeoyl-quinic acids.?”

. : Monoferuloyl-quinic acids (isomers: 3-, 4- &
5-FQA) responsible for 5 to 13% of the total (Figure
3)_2,3,10,17,26

. : Diferuloyl-quinic acids and dimethoxy-cinnamo-

yl-feruloyl-quinic acids.?”

Meoyl-4-O-feruloylquinic acid
i13z-81-2

r formula: C 11 O

r mass: 530 484 g mol

T

Teoyl-5-O-feruloyvilquinic acid
081 85 8

r formula: C_IL.,O,.

v mass: 530 479 g mol”

3-O-Feruloyl-4-O-caffeoylquinic acid
Molecular formula: C_H O
Molecular Mass: 530 48 g mol’

4-0O-feruloyl-5-O-caffeoyiquinic acid
Molecular formula: C_I1, O
Molecular mass: 53048 g mol’

3-0-Caffeoy]l-5-O-feruloylquinic acid
Molecular formula: C_H, O
Molecular mass: S30.484 g mol '

L p-Coumaroyl-quinic acids (isomers: 3-, 4- &
5-CQA) (Figure 3).12628

o - Di-p-coumaroyl-quinic acids & p-Coumaroyl-ca-
ffeoyl-quinic acids.?”

LI p-Coumaroyl-feruloyl-quinic acids.?”
L p-Coumaroyl-dimethoxy-cinnamoyl-quinic acids.?
L Dimethoxy-cinnamoyl-quinic acids.?

Recently, new CAs in coffee beans have been reported in
trace amounts,'" but for a complete list of the 82 CAs of
raw coffee beans registered to date consult Wei et al. "' &
Narita et al. "°CAs content in coffee

wf

3-O-feruloyl-5-O-caffeoylquinic acid
Molecular formula: C _H_O
Meolecular Mass: 530 484 g mol

Figure 2. Robusta coffees’ mixed diesters of caffeoylferuloyl-quinic acids..

CAs content in coffee

ACs are the precursors of phenolic compounds in roas-
ted coffee beans ¢ and are found in relatively large quan-
tities in both coffee beans and coffee leaves.?® On avera-
ge, C. canephora and C. arabica grains vary between 10
to 11.3% 6142729 and 6 to 7% on a dried matter, respecti-
vely 361421- however, other authors report ranges between 7
to 14.4% and 4 to 8.4% respectively.24?

The difference in CAs concentration between Robusta and
Arabica coffee varieties is attributed to mono-caffeoylquinic,
mono-feruloylquinic and dicaffeoylquinic acids levels are
approximately 1.2, 3 & 2 times higher in C. canephora than
what is observed in C. arabica.'®

According to Caprioli et al. *°, there is a clear trend in CAs
levels found in roasted coffee beans which have been also
reported by several authors that shows that mono-caffeo-
ylquinic acids are the most predominant ones followed by
mono-feruloylquinic acids and dicaffeoylquinic acids. Such
trend is described by the following equation:

5-CQA > 4-CQA > 3-CQA > 5-FQA > 4-FQA > 3-FQA >
3,4-diCQA > 4,5-diCQA > 3,5-diCQA > 4-FQA> 3-FQA >
3,4-diCQA > 4,5-diCQA > 3,5-diCQA.3031

The variation in CAs concentration is influenced by the
species/variety, the geographical origin, %2323 the degree
of grain ripening, cultural practices,'®3® the processing me-
thod,® environmental conditions, mixtures made before or
after roasting,* and the analytical method used to quantify
them.

For example, according to Narita et al. '° other species such
as C. vatovavyensis, C. pseudozanguebariae, C. vianneyi,
C. perrieri & C. rhamnifolia contain less than 1% of CAs (on
a dried basis). Also, Marin et al. ® found a CAs concentra-
tion gradient during different stages of coffee bean develop-
ment in C. arabica in which the levels decrease depending
on grain maturity (ie, immature green > mature > pinon >
over-mature).
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CHLOROGENIC ACID PRECURSORS

Caffeic acid. Frnlllc ul:ul. 0Ilm|l'lc acid. Qllinic acid.
CAS: 331-39-5. CAS: T400-08- CAs 2
Symamym: 3 (3.4 Dihydroxypbenyl) 2 propenoic acid. Synoaym: 3 :4 Hydroxyphenyl) 2 propenoic acid.
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3d-dicaffeaylquinic acid. 3.S-dicaffeaylquinic acid. 4.5-dicaffeoylquinic acid.
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Figure 3. Chlorogenic acids and their precursors.
Rostagno ef al. # Mehari et al. *
Type of coffee CQA FQA diCQA 3-CQA 5-CQA 4-CQA 5-FQA  3,5-diCQA 4,5-diCQA
Ranges expressed in g/100 g. Means expressed in mg/g

Raw grain. 3.26-7.66 0.19-143 045-231 418 32 6.93 498 6.7 372
Decatfeinated grain. 5.19-6.14 0.32-045 0.61-0.77 - - B - - -
Instant coffee” 0.63-5.28 0.06-1.16  0.03-0.53 - - - - - -
Instant coffee™ 3.33473 0.60-084 0.17-028 - - - =

CQA = Caffeoylquinic acids, FQA = Feruloylquinic acids, diCQA = Di- caffeoquumlc acids.

“arabica coffee.

5k

Decaffeinated.

Table 1. Variation in coffee phenolic composition based on dried matter basis.
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Soluble or instant coffees are a good example of CAs con-
tent variation induced by grain processing which tends to
display a variable concentration largely due to Arabica and
Robusta coffee blends made before roasting and to the de-
gree of roast applied during processing.®*3* Table 1 shows
the differences in CAs concentration between different types
of coffee caused by the processing to which the grain is sub-
jected.

One of the differences that stands out is the drastic reduc-
tion in CAs concentration in instant coffees as a result of
the heat treatments to which both the grain and the infusion
are subjected during processing (ie, roasting and extraction
of soluble compounds).®” Conversely, the increase in CAs
concentration in instant and decaffeinated coffees is also
noticeable. This can be elucidated due to the decaffeination
process per se since caffeine extraction indirectly increases
the relative concentration of the other analytes.®”

On the other hand, abiotic factors such as water stress,
high luminosity, low temperatures, boron deficiencies, and
nitrogen fertilizer applications can cause an increase in CAs
levels in coffee beans.*38

Finally, the composition analysis conducted by Vaast et al.
% revealed that CAs levels were higher in grains harvested
from plants exposed to the sun than those found in grains
harvested from plants grown under shade.

Determination of CAs in coffee beans

There is a wide range of analytical techniques used in the
identification and quantification of phenolic compounds ran-
ging from non-specific techniques such as the Folin-Denis
test to more sensitive techniques such as High-Resolution
Liquid Chromatography (HPLC) coupled to different detec-
tors, as well as a series of methodologies that include the
combination of spectroscopic techniques, mass spectrome-
try (MS) among others.*® However, the most widely used
methods in determining CAs are HPLC, capillary electro-
phoresis, and micellar electrokinetic chromatography.*!

CAs’ extraction is carried out using polar organic sol-
vents such as isopropanol, water, and hydro-alcoholic
mixtures with MeOH and isopropanol in different propor-
tions 3%4° through techniques of infusion extraction,*? diges-
tion,*® and ultrasound.?®

Compounds’ identification and quantification can be carried
out directly in the recovered extract or in the purified frac-
tions. The most commonly used technique is HPLC #° usua-
lly coupled to a Diode Array Detector (DAD) using gra-dients
of MeOH, acetonitrile, water or mixtures of these as solvent
A and an acid such as phosphoric acid, acetic acid or acid
citric as solvent B.28384244

The identification is performed by comparing the retention ti-
mes peaks (R)) reported by the sample with that of the stan-
dards (controls), with subsequent structural confirmation by

HPLC coupled to mass spectrometry (HPLC-MS).%842 For
the compounds quantification Farah et al. *® reported as an
analysis parameter the peak area corresponding to 5-CQA.

Samanidou “° reported a validated analytical method for
the simultaneous analysis of caffeine and polyphenols in
different coffee samples (eg, Turkish coffee, instant coffee)
using DLC-coupled HPLC and a MeOH-acetronityl gradient
(95: 5 v/v) as solvent A and acetic acid 0.01% as solvent B.

Monitoring and quantification were performed based on
each analyte’s maximum wavelength (max), reporting that
CAs and caffeine have a max of 330 and 270 nm, respec-
tively; Peak identification was performed based on R. The
reported quantification limit for this method was 0.8 to 2.0
mg I"* for all compounds. The quantification limit is the con-
centration of a given analyte that produces a signal strong
enouah to be detected with a specific confidence level.

M ADS goeeeaeatceeeea et ccecctameeeetee tees teetece et et eeeeegetettet et eaeeeraeraan

BB | oseesriesarnimssess

200

Unknown pe: s (artifacts)

Figure 4. Typical chromatogram of CAs and caffeine simul-
taneous analysis from an instant coffee sample.Adapted
from Samanidou “°-.

A typical chromatogram obtained with this method using an
instant coffee sample is shown in figure 4.

Before the analysis, HPLC requires the application of spe-
cific procedures for sample preparation (ie, Size-exclusion
chromatography, Solid-phase extraction or a combination
of both) in addition to lengthy analysis times, the need for
highly specialized technicians coupled with the fact that not
many laboratories have the required equipment; Therefore,
itis understandable why CAs determination in food matrices
is an expensive analytical procedure.

As a result, researchers have sought more viable and eco-
nomical alternatives for CAs quantification without caffeine
interference, and in this order of ideas Belay et al. 41 propo-
se a simple, fast and sensitive quantification method using
an uv-visible spectrophotometer, an apparatus commonly
found in most laboratories. CAs and caffeine absorb radia-
tion in the region between 200 to 500 nm thus potentially
leading to misidentification of both molecules due to their
spectra over position, so Belay et al. 41 propose the use
of dichloromethane to extract the caffeine first and subse-
quently quantify the CAs in the resulting residue.

Figure 5 shows CAs references spectrum vs the spectrum
of CAs retrieved from green coffee beans extract. Sample
purification (ie, caffeine extraction) was performed with di-
chloromethane; Therefore, an over position of the spectra
can be observed, indicating the method's efficiency.CAs in-
fluence on cup quality
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Figure 5. A. CAs references spectrum. B. Spectrums over position of CAs references and CAs retrieved after samples

purification.
Adapted from Belay et al. 41

CAs influence on cup quality

CAs influence on coffee cup quality is controversial. CAs
are essential for defining the drink quality because they
affect the infusion color (pigment formation), aroma and fla-
vor (pH and bitterness).3#45 However, according to Flament
et al. % despite being in relatively large quantities, CAs do
not significantly affect the coffee beverage’s acidity (pH).

Likewise, there is evidence that 3,4-dicaffeoylquinic acid
in high concentrations improve the quality of the bevera-
ge '°47; In contrast, there are also reports that the addition
of dicaffeoylquinic acids confers an unpleasant (bitter) taste
to the infusion 24'® whereas high concentrations of 5-O-ca-
ffeoylquinic acid have been associated with poor cup quality
alt-hough it has been described as a non-bitter compound.*®

Regardless of the conflicting reports, there is an inverse re-
lationship between CAs levels and the quality of the coffee
cup; in other words, the higher the CAs concentration, the
lower the quality of the infusion.41033:36

Considering that caffeoylquinic acids constitute between 76
to 82% of the total CAs present in the coffee grain endos-
perm 2 of which 5-caffeoylquinic acid (aka chlorogenic
acid isolated from coffee beans for the first time by Got-
ter in 1908) is the most abundant being responsible for 56
to 62% of the total +1°'2 which is tantamount to 4 to 5%
of the dried weight of the grain *° and 3-caffeoylquinic acid
(aka neo-chlorogenic acid) and 4-caffeoylquinic acid (aka
cryo-chlorogenic acid) each add ~ 10% to the total,*'° then
it can be concluded that in general caffeoylquinic acids, as
a whole, are responsible for affecting the quality of the in-
fusion.

Due to its higher CAs content; in addition to a more bitter
taste, greater astringency, and aroma such as ‘wet wood
or wet cardboard’ %52 the cup quality of C. canephora (aka
Robusta) is considered inferior when compared to C. arabi-
ca *65354 and the reason why commercially available coffee
is produced exclusively based on C. arabica or a mixture of
both.2832835656 For this reason, the grain of Robusta varie-
ties is commercialized for approximately half the value of
C. arabica.’™°

Finally, although the concentration of phenolic compounds
in the coffee cup depends on several factors such as the
species/variety, the chosen method for drink preparation
(Figure 6) among others (eg, roasting level, mixes before
or after roasting, water temperature, etc) %; It is estimated
that the cup of Robusta coffees contains ~ 70 to 350 mg of
CAs,"® while the cup of Arabica coffees contains ~ 70 to
200 mg of CAs.®°

Effect of grain toasting on CAs

As a result of roasting, CAs levels decrease significant-
ly 4362 meanwhile quinic acid levels tend to increase due
to CAs break down.*® According to Tfouni et al. %, the de-
crease in CAs levels is attributed to the rupture of covalent
bonds between carbon atoms which facilitates isomeriza-
tion in the early stages of roasting and epimerization, lacto-
nization and degradation in the later stages.

Consequently, the higher the roasting temperature, the
lower the CAs levels in the roasted grain.®® According to Fla-
ment et al. 46, in C. arabica’s roasted coffee beans, there is
approximately 4.3% of CAs on dried matter basis. However,
in very roasted coffees about 50 to 60% of the initially pre-
sent CAs are degraded as a result of the high roasting tem-
peratures “64° for this reason, in well-roasted coffees (black
coffees) CAs are found only in very low quantities86063

Consequently, the longer the time and the higher the roas-
ting temperature, the lower the CAs concentration in the
coffee drink (Figure 7); and the higher the concentration of
caffeic acid and other low molecular weight phenolic com-
pounds.26

This phenomenon is exemplified by the results reported by
Ferraz et al. ® who studied the CAs degradation during the
coffee beans roasting. Their studies revealed that depen-
ding on the degree of roasting (temperature vs time), CAs
losses can reach up to 99.1% (Table 2).
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Coffea arabica
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Total diCQAs
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Adapted from Bravo et al. ®'. Circles represent means expressed as mg/g (n = 3).
3-caffeoylquinic acid (3-CQA\) | 4-caffeoylquinic acid (4-CQA) | 5-caffeoylquinic acid (5-CQA).
3,4-dicoumaroylquinic acid (3,4-diCQA) | 3,5-dicoumaroylquinic acid (3,5-diCQA).
4,5-dicoumaroylquinic acid (4,5-diCQA) | Total caffeoylquinic acids (Total CQAs).

Total dicaffeoylquinic acids (Total diCQAs).

Total caffeoylquinic acids + dicaffeoylquinic acids (Total CQAs + diCQAs).

Figure 6. CAs extraction through different beverage preparation methods.
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Adapted from Perrone et al. 25. Circles represent means expressed as mg/100 g of coffee on dried basis.
3-caffeoylquinic acid (3-CQA) | 4-caffeoylquinic acid (4-CQA) | 5-caffeoylquinic acid (5-CQA).

3-feruloylquinic acid (3-FQA) | 4-feruloylquinic acid (4-FQA) | 5-feruloylquinic acid (5-FQA).
6—R5_coumaroquuinic acid (3-pCoQA) | 4-p-coumaroylquinic acid (4-pCoQA) | 5-p-coumaroylquinic acid (5-pCo-
3,4-dicoumaroylquinic acid (3,4-diCoQA) | 3,5-dicoumaroylquinic acid (3,5-diCoQA).

4,5-dicoumaroylquinic acid (4,5-diCoQA) | 3,4-diferuloylquinic acid (3,4-diFQA).

Figure 7. Chlorogenic acid levels at different roasting times (170 °C).
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Roasting conditions CAs total . . X . CAsloses

- _ CQA'(g/100g) FQA(g/100g) diCQA"(g/100 g)

Temperature min (g/100 g (%)
(°C) Raw 5.98 + 0.03 4.84 +0.02 0.15+0.00 0.90 £0.01 -

5 6.17 £0.05 5.13+0.03 0.17 £ 0.00 0.85+0.02 3.0

180 8 573+0.29 4.87 +0.22 0.15+0.01 0.70 +£0.05 4.2

12 499 +0.13 4.25+0.12 0.17 +0.01 0.56 +0.01 16.6

5 5.69 £ 0.58 4.78 +0.41 0.20x0.11 0.71 = 0.05 49

200 8 426+0.42 3.67 +0.30 0.17 +0.05 0.42+0.08 28.7

12 3.23+0.08 2.80+0.10 0.14+0.03 0.28 +0.01 45.9

5 452 +041 3.87 +0.30 0.19 +0.07 0.46 +0.04 244

220 8 2.14+0.12 1.90 £0.12 0.09 +0.01 0.15+0.02 64.2

12 1.20+0.17 1.06 £0.11 0.09 +0.04 0.06 +0.01 79.9

5 2.50+0.16 2.21+0.14 0.11+0.01 0.18 +0.01 58.2

240 8 0.35+0.02 0.29 + 0.01 0.05+0.01 0.01 £ 0.00 94.2

12 0.05+0.01 0.04 +0.00 0.01+0.00 0.00 +0.00 99.1

Table 2. CAs content in raw coffee beans and at different roasting levels.

Chlorogenic acids "Cmax (nmol) "Tmax (h) ""Tuelimination (h)
5-O-Cafteoylquinic acid. 22+1.0 1.0+0.2 03+0.3
3-O-Cafteoylquinic lactone-O-sulfate. 27+3 0.6£0.1 05+0.1
4-O-Catfeoylquinic lactone-O-sulfate. 21+4 0.7+£0.1 04+0.1
3-O-Feruloylquinic acid. 162 0.7+£0.1 09+0.1
4-O-Feruloylquinic acid. 1412 0.8+0.1 09+0.1
5-O-Feruloylquinic acid. 6.0+15 09101 0.8+0.1
Caffeic acid-3"-O-sulfate. 2l = i 1.0+0.2 1.9+04
Ferulic acid-4"-O-sulfate. 7619 0.6£0.1 49+1.0
Dihydrocaffeic acid. 41+10 52105 1.0+04
Dihydrocaffeic acid-3"-O-sulfate. 325 £90 48106 31103
Dihydroterulic acid. 385+ 86 47103 14+04
Dihydroferulic acid-4"-O-sulfate. 145+ 53 48+05 47+0.38

Table 3. ACs pharmacokinetic parameters in blood plasma after the intake of 412 mmol of ACs dissolved in 200 ml of

instant coffee.

Concomitantly the coffee bean CAs levels are reduced, as
a result of their thermal hydrolyzation, a series of aro-matic
compounds with a greater or lesser degree of complexity
are produced which according to Shibamoto ® are gene-
rally present in the roasted grain in the following concen-
tration gradient: catechol > 4-ethylcatechol > phenol >
benzoic acid > 2,5-dimethylfuran > 2-methylcyclohexanone
> 1,2-cyclohexadione > furfuryl alcohol > pyridine > 2-cy-
clohexen-1-one > 3-ethylcatechol > 2-hydroxycinnamic acid
> cyclotene > 1-hydroxy-2-propanone > 2-methylpyrazine.

ACs’ metabolism

CAs intake varies considerably depending on consumption
habits, to the point that it ranges between 100 to 1000 mg
per day for moderate and strong consumers, respectively;
However, with the increase of instant coffee consumption,
this can reach up to 1500 mg per day.

However, based on the evidence it is known that the grea-
ter the amount of ingested CAs, the lesser the amount that
will be hydrolyzed and metabolized, presumably, due to an
oversaturation of the system,?2%467 enzymatic limitations,
and limitations in the transport mechanisms through the
small intestine among other factors.
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Once ingested, CAs remain stable since salivary enzymes
and gastric secretions cannot hydrolyze them especially
when they interact with dietary proteins forming insoluble
complexes resistant to the catabolic action (proteolysis)
of digestive enzymes (eg, trypsin, chymotrypsin, pepsin &
pancreatin).>

On the other hand, a small fraction is absorbed through the
stomach wall via passive diffusion 34¢%; meanwhile, the rest
continues their journey reaching the small intestine where
they are hydrolyzed by the mucous membrane and intesti-
nal microflora 797" to such degree that only their metabolic
derivatives and a small non-catabolized fraction manage to
cross the wall of the upper gastrointestinal tract (small intes-
tine) 496870.72 yvig passive diffusion 34 with an absorption rate
of up to 33%. In consequence, the plasma shows only small
concentrations of them (Table 3).346871-73

Once absorbed, a fraction of CAs manages to pass intact to
the bloodstream where it interacts with plasma proteins (al-
bumins) forming complexes,* meanwhile the other fraction
and its metabolic derivatives before being excreted through
the urine (< 5%) in a free or conjugated form 72 are sub-
mitted into a series of hepatic metabolic processes which
include methylations and conjugations (eg, sulfatations,
and glucuronidations) catalyzed by phase Il enzymes (eg,
sulfotransferases, and glucuronyl transferases) 37275 which
are characterized for being highly polymorphic and display
a variable degree of activity.*

Sulfation is a conjugation reaction catalyzed by a sulfo-
transferase between a molecule and a sulfo group; whereas
glucuronidation is a reaction mediated by a glucuronosyl-
transferase that results in the addition of a glucuronic acid
molecule to a given substrate.

For example, SULT 1A1 is a sulfotransferase capable of ca-
talyzing the hepatic transformation of caffeic acid and dihy-
drocaffeic acids; Additionally, glucuronyl transferases UGT
1A1 & UGT 1A9 catalyze the transformation of hy-droxycin-
namic acids.

As a result, most ingested CAs manage to reach the colon
where they are metabolized by a good number of genera
that comprise the intestinal microflora (eg, Escherichia coli,
Bifidobacterium lactis, Lactobacillus gasseri, Eubacterium
sp., Enterococcus sp., Micrococcus sp., Fusobacterium
sp., Streptococcus sp., Peptostreptococcus sp., and Chros-
tridium sp.).344%68.76 For this reason, several authors argue
that coffee antioxidant capacity is mainly due to a-Tocophe-
rols and vitamin C (ascorbic acid) which reach much higher
concentrations and turn out to be more powerful antioxi-
dants than CAs.”™

Most CAs (up to 71%) are metabolized at the colon by the
intestinal microflora 2687375 which means that the ester type
of bonds that keep the molecules structure are enzymati-
cally broken thus releasing its constituent monomers of
lower molecular weight which being conjugated with other
compounds, by the action of reductive enzymes, lead to de
novo formation of other substances (eg, dihydrocaffeic acid,
& dihydroferulic acid) which in turn being also metabolized
are conjugated with other compounds (eg, SO,) thus produ-
cing molecules that are not originally present in the coffee
drink.

This phenomenon is evidenced by a variety of resulting
compounds present in the plasma and urine some of
which are considered reliable markers of phenolic com-
pounds intake (Table 3).

The list of metabolites excreted through the urine includes,
but is not limited to: caffeic acid, ferulic acid, p-coumaric
acid, synaptic acid, gallic acid, 3,4-dihydroxyphenylacetic
acid, dihydrocaffeic acid, dihydroferulic acid, 4-hydroxy-
benzoic acid, 2,4-dihydroxybenzoic acid, isoferulic acid,
and m-hydroxyphenyl propionic acid.?*

For example, in a study in which the participants inges-
ted two cups of coffee three times a day at intervals of
4 h in between, detected in the urine of the participants
the presence of ferulic acid, isoferulic acid, dihydroferulic
acid, 3-methoxy-4-hydroxybenzoic acid, hippuric acid, and
3-hydroxyhippuric acid.”™

However, the rapid presence of compounds, in plasma,
derived from their hydrolysis suggests an early and limited
metabolism which probably occurs at the upper gastroin-
testinal tract where they are hydrolyzed by the action of
ester-ases. 123472

Finally, concentrations of mono-caffeoylquinic acids (eg,
5-CQA) and mono-feruloylquinic acids (eg, 3-FQA, 4-FQA,
& 5-FQA) in plasma followed by an increasing concentra-
tion of dihydrocaffeic and dihydroferulic acid after 4-5 h
of ingestion (Table 3) provides support for a biphasic me-
tabolism, in other words, one fraction is rapidly absorbed
and metabolized at the level of the small intestine while
the other one is metabolized and absorbed at the lower
gastrointes-tinal tract (colon).'234

For a more detailed discussion about CAs metabolism
read Stalmach 72 & Farah et al. 3.

Roasted coffee’s CAs and antioxidant capacity

ACs have antioxidant activity, which confers them proper-
ties such as antiviral, antifungal, hypoglycemic,?”%" he-
pa-to-protective, antispasmodic,?*® anti-bacterial and
antihistaminic activity.®*’” There is also pharmacological
evidence that demonstrates the antiviral properties of
non-volatile phenolic compounds (eg, caffeoylquinic, and
dicaffeoylquinic acids) against adenoviruses, the herpes
virus,®” HIV virus and human influenza virus.””

CAs antioxidant capacity is conditioned by the hydroxyl
groups position within the aromatic ring; For example,
3-CQA has two free hydroxyl groups to donate hydrogens,
conversely, the other isomers only have one; As a result,
3-CQA may have a higher antioxidant activity compere to
its positional isomers. In recent research, it was reported
that 3-CQA has low molecular weight and greater activity
against hydroxyl radicals and may be the largest contribu-
tor against peroxidic radicals present in concoctions ba-
sed on green coffee beans.?*

CAs are polyphenolic aromatic compounds derived from
the phenylpropanoids metabolism 4¢ which tend to be
quantified together with other polyphenols present in the
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sample and expressed as total polyphenols in terms of mg
of 3,4,5-trihydroxybenzoic acid (gallic acid) per gram of
dried matter.4244

However, their antioxidant capacity can be expressed in di-
fferent forms such as milligrams of a-Tocopherol equiv-alent
per milliliter of extract (mg Toc/ml), milligrams of ferrous iron
(Fe*?) equivalent per milliliter of extract (mg Fe [l1}/ml), milli-
grams of vitamin C equivalent per milliliter of solution,” and
milligrams of Trolox per gram of dried mat-ter.'36°798 Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic  acid)
is a synthetic and hydrosoluble analog of vitamin E.

Being reducing agents, CAs block the production of free
radicals and prevent the automatic oxidation of lipids via re-
dox reactions, thus preventing the oxidation of low-density
lipoprotein (LDL) and very-low-density lipoprotein (VLDL)
which in turn delays the development of atherosclerosis in
humans'44,67,72,77

In addition, due to their antioxidant properties, CAs are
considered potential substitutes of synthetic phenolic com-
pounds with antioxidant properties traditionally used by in-
dustry to prevent oxidative food rancidity.®’ Among the most
commonly used synthetic antioxidants we can cite: butyla-
ted hydroxyanisole (BHA [E-320]), butylated hydroxy-tolue-
ne (BHT [E-321]), TBHQ, a-Tocopherol (E-307), and last but
not least gallate propyl (E-310) & which maximum permissi-
ble level in food should not exceed 10 pg g of dried matter
(Figure 8).

However, for this to happen, CAs must: be thermo-stable
and effective even at low concentrations, toxicologically
safe, fat-soluble and easily homogenized, odorless and tas-
teless so that they do not alter the sensory characteristics
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Butylhydroxytoluene (BHT).

CAS: 128-37-0.

Synonym: 2,6-Di-tert-butyl-4-methyl-phenol
Molecular formula: C H, O

Molecular mass: 220.35 g mol?

CAS: 25013-16-5.

Molecular formula: C, H O

2
Molecular mass: 180.25 g mol!
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Butylhydroxyanisole (A & B: isomers of BIHA).

Synonym: (1,1-Dimethyl ethyl}-4-methoxyphenol.

of food. Unfortunately, CAs are not thermo-stable, are not
fat-soluble, and some of them tend to alter the taste of food
by imparting bitter notes.

On the other hand, due to their higher ACs concentration,
the beverage prepared from Robusta coffees generally
shows a higher antioxidant capacity than that one prepa-
red based on Arabica coffees.?4?732 |n contrast, some au-
thors argue that, since CAs are degraded during roasting
regardless of the species involved, the greater antioxidant
capacity observed in Robusta coffees is due to their higher
caffeine concentration which also has antioxidant capacity
and is also thermostable, which means it's not degraded
during roasting.%

In general, the higher the temperature and processing time,
the lower the CAs levels °#2 and consequently the lower the
beverage’s antioxidant capacity; with certain documented
exceptions. For instance, Cho et al. #? reported that light-
ly roasted coffee (9 min at 240 °C) contained 49% more
polyphenols (55 mg of gallic acid equivalent [GAE] per gram
of dried matter) than those quantified in unroasted beans
(36.93 mg of GAE per gram of dried matter). However, from
this point forward a downward gradient was clearly obser-
ved when the processing temperature increased: medium
roasted (41.49 mg of GAE per gram of dried matter), dark
roasted (35.95 mg of GAE per gram of dried matter), and
very roasted (26.80 mg of GAE per gram of dried matter).

Similar results were obtained by Somporn et al. * who re-
ported an increase in the antioxidant capacity of slightly
roasted coffee samples (Table 4). Likewise, the concentra-
tion of phenols and the antioxidant capacity of these sam-
ples gradually decreased as the roasting level increased.*
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Propyl gallate.

CAS: 121-79-9.

Synonym: Propyl 3.4,5-trihydroxybenzoate.
Molecular formula: C H O,

s
Molecular mass: 212.20 g mol!
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u-Tocopherel.
CAS: 59-02-9.
Synonym: 5.7.8-Trimethyltocol.
Molecular formula: C, H, O,

Molecular mass: 430.71 g mel?

OH

OH

Tert-Butyl Hydrogquinone (TBHQ).
CAS: 1945-33-0.

Synonym: 2-tert-Butyl-1,4-benzenediol.
Molecular formula: C H O,
Molecular mass: 166.22 g meol?!

Figure 8. Synthetic phenolic compounds with antioxidant properties.
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) Phenolic content
Roasting level

(mg of GAE” ¢! of dried matter)

DPPH’

(% of inhibition)

3432+0.178*
31.55 £ 0.178F
24.98 = 0.178¢
22.31+0.1784

Raw grain.

Lightly roasted.
Medium roasted.
Well-roasted (dark).

9252 +0.24*
92.63+0.16%
88.87 £ 0.16°
§6.98 £ 0.37¢

Different letters show significant differences between roasting levels according to Duncan’s multiple range test (o 5%).

* DPPH: 1.1-diphenyl-2-picrylhydrazyl, ** GAE: equivalents of gallic acid. Adapted from Somporn et al. **

Table 4. Coffee's total phenol content and antioxidant capacity (% inhibition) at different roasting profiles.

Likewise, experiences reported by Perrone et al. & provide
evidence of increased antioxidant activity, in both species
(C. canephora & C. arabica), measured through the ferric
reducing antioxidant power assay (FRAP), when coffee
samples were slightly roasted. After submitting coffee sam-
ples to various levels of processing (ie, 6, 7, 8, 9, 12, & 15
min at 220 °C) a greater antioxidant activity was recorded
in the whole coffee brew of slightly roasted grains (6 min)
compared to what was observed in raw grains and other
roasting levels.®

The sudden increase in coffee’s antioxidant capacity throu-
gh light roasting can be elucidated by the disruption of ce-
llular structures during the pyrolysis facilitating the release
of primary antioxidants (eg, low molecular weight phenolic
compounds).® Additionally, due to the increase in tempera-
ture, the structure of many primary antioxidants may chan-
ge resulting in the formation of secondary antioxidants (eg,
heterocyclic compounds, and melanoidins) causing the in-
fusion’s antioxidant capacity to increase or remain unchan-
ged with respect to the antioxidant capacity of aqueous ex-
tracts derived from raw coffee beans. 22442448

As the processing temperature increases these compounds
tend to be denatured, that is, they are polymerized or
self-oxidized, which results in the formation of compounds
with lower antioxidant capacity.52#

From all this, it can be concluded that coffee bean light roas-
ting is the best from a nutritional point of view; However, we-
ll-roasted or dark coffees enjoy greater commercialization
than light or medium ones.*®

Finally, the infusion preparation method also influences the
CAs concentration in the coffee beverage and consequently
its antioxidant capacity. For instance, it is estimated that an
espresso cup contains more CAs than conventionally pre-
pared coffees due to the pressure with which hot water is
applied during the extraction of soluble compounds.**

According to Ludwig et al.”, one cup of espresso coffee
contains between 24-423 mg of caffeoylquinic acids; which
would explain why espresso-type of coffees (eg, cappucci-
no, American, etc) have twice the antioxidant capacity com-
pared to what is observed in wine and pomegranate juice.®

Coffee pulp's phenolics

Despite the diversity of phenolic compounds, according to
Farah et al. 4, “There are no reports of tannins in the wet
coffee beans, but the mesocarp contains 0.8 to 2.8% of hy-
drolyzable tannins in addition to small amounts of insoluble
or condensed tannins”. The most important tannins in the

coffee mesocarp (pulp) are the proanthocyanidins, which
are polymers of flavan-3-ols 8 of relatively high molecular
mass and can be hydrolyzable or condensed “# and are
characterized by their bitter flavors.

Interestingly, condensed tannins concentrations are higher
in varieties with yellowed-skin fruits compared to those with
red fruits.?”8¢ According to De Colmenares et al. 8, coffee
pulp’s condensed tannins concentration ranges from 0.88
to 1.19% based on dried matter; and the list of them in-
cludes, but is not limited to: epicatechin (21.6%), catechin
(2.2%), rutinic acid (2.1%), and protocatechuic acid.®

Condensed tannins are secondary metabolites of pheno-
lic nature and high molecular weight, bitter taste, and rich
in hydroxyl and carboxylic groups; which can be detected
through a colorimetric test.®® These are called proantho-
cyanidins or procyanidins ® and belong to the flavonoids
class whose chemical structure consists of flavan-3-ol mo-
nomers connected to oligomeric or polymeric molecules
through B-type bonds (C4— C8 & C4— C6) (Figure 9: E,
F & G).°" However, a-type links also exist (C2-O-C7 or C2-
0O-C5).929

Proanthocyanidins diversity depends on variations in their
chemical configuration caused by the number and arran-
gement of the hydroxyl groups in rings A and B (Figure 9:
B, C & D), types of bonds, degree of polymerization, and
the presence of additional substituents (eg, gallic acid).%2%

The condensed tannins polymerization level determines
their bio-availability. According to Santos-Buelga et al. %,
tannins with a lower degree of polymerization (ie, dimers,
and trimers) are more likely to cross the intestinal wall than
more complex polymers.

Tannins also have antioxidant capacity directly related to
the hydroxylation pattern. Stabilizing free radicals lies in
their ability to donate protons derived from hydroxyl groups
attached to their structure; In other words, the more hy-
droxyl groups coupled to the B ring, the greater their an-
tioxidant capacity. Thus, gallocatechin has a greater an-
tioxidant capacity than catechin.

This chemical trait is limited by the degree of polymeriza-
tion (DP) since there is evidence of an increasing gradient
from monomers to trimers followed by a clear reduction as
the DP progresses into higher molecular weights.®> The
reduction of antioxidant capacity in high molecular weight
molecules is due to the steric hindrance, which decreases
the molecule’s ability to react with other compounds.
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Although condensed tannins confer desirable agronomic
traits such as fungal resistance (in vitro inhibition of He-
mileia vastatrix spores germination) and insect protection;
they also have antinutritional effects since they form com-
plexes with nitrogen-containing compounds (eg, peptides,
oligopeptides, polypeptides, and proteins) via hydrophilic
and hy-drophobic interactions producing complexes with a
greater or lesser hydro-solubility which also tend to precipi-
tate during digestion.®7:88.9

The tannin-protein complexes formation occurs due to the
interaction of phenolic groups, which act as protons donors
(H*) and proteins’ carbonyl groups which act as recep-
tors.®? For instance, when condensed tannins interact with
proline-rich salivary enzymes they cause their precipitation,
which is perceived as astringency in the oral cavity; which
also increases with tannin DP.8¢

However, the human diet contains approximately 0.1% of
condensed tannins and they do not survive in the human
body for long since they are metabolized both by the tissues
and the intestinal flora.*?
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Tannin-protein complexes not only limit the bio-availability
and antioxidant action of the phenolic fraction but also cau-
ses the protein fraction denaturation through alterations in
its secondary and tertiary structure which affects their phy-
siological functions as in the case of enzymes.!

The ability to couple and neutralize enzymes it's of great
interest for Phyto-pathologists and Plant breeders since it is
a mechanism through which plants protect themselves from
digestive enzymes released by invasive fungi °'; However,
when condensed tannins of lower molecular weight and
lower DP (eg, dimers, and trimers) are absorbed through
the intestinal wall they can form complexes with enzymes
and other blood proteins (eg, hemoglobin) thus interfering
with their physiological functions.

As a result, even when the coffee pulp is a good source
of protein (7.5-15.0%), lipids (2.0-7.0%), and carbohydra-
tes (21-32%) 2" its use to feed monogastric or polygastric
animals (ruminants) is contraindicated or should be limi-
ted #:88 due to the high condense tannins content (~ 30-60%
of pulp extracted polyphenols depending on the organic sol-
vent) and their antinutritional effects.%
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(A) Proanthocyanidins monomeric structure where “n” indicates the degree of polymerization. The letters serve to identify

mono or heterocyclic phenolic rings.

(B, C, D) Monomeric structure of propelargonidins, procyanidins and prodelfinidins respectively.

(E) B-Procyanidin trimer showing epicatechin-(4f— 8)-epicatechin-(4f— 8)-catechin bond type.

(F) B5 procyanidin molecule showing epicatechin-(43— 8)-epicatechin bond type.

(G) Procyanidin A2 molecule showing type A epicatechin-(23— O— 7 & 43— 8)-epicatechin bonds between epicatechin

mono-mers.

Figure 9. Condensed tannins’ monomers and oligomers’ chemical configuration.
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Coffee antioxidant capacity determination

Coffee phenolic compounds’ antioxidant capacity is measu-
red in vivo or in vitro using the grain’s polyphenolic extract
instead of individually evaluating each compound.

A good method to assess the antioxidant capacity of given
compound measures both: the degree of inhibition and
the time of inhibition of the oxidation rate. Therefore, it is
challenging to assess polyphenolic compounds’ antioxi-
dant capacity based on the results provided by a single
approach °% reason why coffee grain extract antioxidant
capacity is usually measured through a series of methods
or techniques such as but not limited to:

a) 2,20-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) a
stable free radical better known as ABTS+ used to measure
the total antioxidant capacity of a given extract.®:9%-10t

It is a colorimetric test based on the cation discolora-
tion 2 when interacting with lipophilic or hydrophilic an-
tioxidant compounds.'® Such interactions are based on the
exchange of electrons through redox reactions ' and the
results are usually expressed in equivalent mmol or pmol of
Trolox per milligram of extract 8%97:99.100.105 or jn terms of the
ability to neutralize free radicals (Formula 1).

b) 1,1-diphenyl-2-picrilhydrazil (DPPH), and tris(2,4,6-tri-
chloro-3,5-dinitrophenyl) methyl (HNTTM) are usually used
to discriminate between the proton donation process (H*
and the electron transfer mechanism.*®

DPPH is a stable free radical that exhibits an intense violet
coloration when in solution. However, after interacting with
other free lipophilic antioxidant radicals or compounds, it is
neutralized by turning it into a,a-diphenyl-B-picrylhydrazine,
whose color is pale or yellow 6% which is considered a
visible marker of the compound or solution antioxidant ca-
pacity.

The results of this test can be expressed in terms of equi-
valent mmol or pmol of Trolox per milligram of dried ma-
tter,%1% the ability to neutralize free radicals, or effective

concentration (EC).

not possible to discriminate between the antioxidant capaci-
ty of polyphenolic compounds per se and that of the Maillard
reaction derived compounds such as lactones or melanoi-
dins_104,111

Finally, DPPH interacts only with free antioxidant com-
pounds, that is, those that are not coupled to other molecu-
les forming complexes.'® Consequently, antioxidants cou-
pled to other molecules are unable to interact with DPPH.
Therefore, when working with DPPH the result is to be in-
terpreted as a partial or limited estimate of the sample’s an-
tioxidant capacity.'®

c) B-Carotene/linoleic acid method. When B-Carotene and
linoleic acid are jointly water-bath incubated (50 °C), the la-
tter releases hydrogen peroxide (H,0,) ions which promote
the oxidation of the former one.'"?

However, antioxidants in the coffee extract neutralize the
free radicals thus preventing the B-Carotene chromopho-
re oxidation '%'2 which otherwise oxidizes and, in the pro-
cess, loses its color.

Consequently, when comparing coffee extracts the one
which prevents more efficiently the p-Carotene oxidation
will be the one with the highest antioxidant activity and thus
it is compared with several synthetic antioxidants used as
controls or references.

d) Ferric reducing antioxidant power (FRAP). The method
is based on a single electron transfer and it is designed to
work with biological samples.'®"% This method indirectly
estimates a compound’s antioxidant capacity because it
measures its reducing properties by interacting, in an aci-
dic aqueous solution, with the 2,4,6-tripyridyl ferric triazine
complex (Fe3-TPTZ) °7:101108 hreaking the free radical chain
through the donation of a proton (H*)."%

The resultis the reduction of Fe**-TPTZ into the blue colored
ferrous tripyridyltriazine complex (Fe*2-TPTZ).101.103108.112 |
summary, if the reduction occurs (Fe**>-TPTZ — Fe*2-TPTZ)
then the compound’s redox capacity is confirmed, which
qualifies it as a reducing and antioxidant agent due to its
ability to stabilize free radicals through proton donation
(H*).108

Reference's absorbance - Sample's absorbance

Neutralization of free radicals = ( = -
Reference's absorbance

The EC50 is expressed in terms of mg ml" and is defined
as the amount of extract required to reduce the initial absor-
bance by 50%.22'%° In other words, the lower the EC50, the
higher the antioxidant capacity of the extract and vice versa.

However, although ABTS* and DPPH are typically used, un-
der in vitro conditions, to evaluate the antioxidant capacity
of many compounds derived from food matrices, the results
are not easily extrapolated to biological systems since such
radicals are of a synthetic nature.®"1"

In addition, the results obtained by both differ because
ABTS" is able to interact with lipophilic and hydrophilic com-
pounds ®; Conversely, DPPH’s capacity is limited to lipophi-
lic compounds. On the other hand, due to ABTS"* tendency
to interact with any hydroxylated aromatic compound, it's

) x 100% (1

In addition, the results can be expressed in terms of
FeSO, equivalents per gram of coffee extract based on
dried matter "° or ymol of vitamin C per milligram of dried
matter.®”

e) Oxygen radical absorbance capacity (ORAC). It’s a fluo-
rescent method based on the transference of protons (H*)
and measures a substance’s antioxidant capacity based on
the neutralization of pyroxy radicals.'”'"° The results are
usually expressed in terms of ymoles of Trolox equivalents
per gram of coffee extract on a dried matter base.0.113.114




Ostilio R. Portillo and Ana C. Arévalo
Volume 7 / Issue 3/ 31 http://www.revistabionatura.com

f) Fourier Transform Infrared Spectroscopy (FTIR). This
technique can be used to estimate a sample’s total an-
tioxidant capacity and total phenolic compounds based on
functional groups’ vibration.'® In addition, this technique re-
quires less time during its implementation than previously
described approaches.

|
Conclusions

From a chemical point of view, the coffee drink is a complex
mixture of organic compounds (eg, caffeine, CAs, melanoi-
dins, diterpene lipids, etc) some of which can exert physio-
logical effects on humans and animals '%; however, the pos-
sibility that these effects are the result of their synergistic or
antagonistic action cannot be ruled out.

Although its chemical composition includes nutritional com-
pounds, some with bioactive activity, the World Health Or-
ganization (WHO) defines coffee as “a non-dietary compo-
nent” '"®; however, it is considered the primary source of
dietary antioxidants in industrialized countries (eg, ~ 66%
in Brazil, ~ 64% in Norway, ~ 45% in Spain, ~ 56% in Ja-
pan) 1344984117120 gnd it is estimated that the daily consump-
tion of 4 to 5 cups of coffee covers ~ 64 to 66% of the an-
tioxidant dietary requirements.®121

It can be speculated that the chemo-protective effects of
coffee are partly due to its ability to intracellularly neutralize
oxidizing agents such as free radicals, many of which are
positively charged molecules (eg, NO*, NO-, ONOO-, H,O,,
0O,, NO, & OH") in search of electrons to stabilize.

However, the coffee drink antioxidant capacity is the result
of the synergism between several factors such as the con-
tent of CAs and other phenolic compounds of lower mole-
cular weight, caffeine and melanoidin content, species/va-
rieties, mixtures made before or after roasting & the degree
of roasting.

The evidence suggests that light and medium roasted
coffees have a greater antioxidant capacity than black or
well-roasted coffees. This is attributed to CAs breakdown
during the grain pyrolysis; As a result, it can be inferred that
the antioxidant capacity of black or well-roasted coffee is
attributed to caffeine and melanoidin content whose con-
centration increases as the roasting of the grain progresses.

On the other hand, Robusta coffees have a higher antioxi-
dant capacity than Arabica coffees due to higher CAs con-
tent. Unfortunately, the quality of the coffee cup is negati-
vely affected by the high CAs concentrations, which is why
Robusta coffees are often rated as inferior, and their price is
punished in the international market.

In summary, although a higher CAs concentration is nutritio-
nally favorable, a balance should be sought, since in excess
it not only affects the drink quality but also they are not used
efficiently due to an oversaturation of the enzymatic trans-
port system in the upper intestinal tract.

This balance can be achieved by controlling the proportions
between Arabica and Robusta coffees blends before or after
roasting, the roasting point, and eliminating the poor quality
beans, that is, the green or immature beans because they
contain more CAs than the mature ones, the over fermented

beans and those with black or oxidized cuticle because they
contain up to 25% more 3-caffeoylquinic acid, 4-caffeoylqui-
nic acid, and 4-feruloylquinic acid compared to good quality
grains 4 thus causing an increase in the drink acidity.
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