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Chlorogenic and isochlorogenic acids are naturally occurring antioxidant dietary polyphenolic compounds found in
high concentrations in plants, fruits, vegetables, coffee, and coffee by-products. Coffee is particularly cultivated and
produced in tropical and subtropical regions along the equator (the so-called “coffee belt”), where ideal growth is

possible due to the constantly warm temperatures and humid climate without extreme weather fluctuations.

novel foods coffee by-products chlorogenic acid CQA

| 1. Introduction

Coffee is one of the best-selling and most consumed beverages worldwide (. In Germany, the coffee consumption
per person is four cups a day, which corresponds to 6.7 kg of coffee beans per year [2. There are several thousand
varieties of the Coffea genus, with Coffea arabica and Coffea canephora being the most important species. Coffee
is particularly cultivated and produced in tropical and subtropical regions along the equator (the so-called “coffee
belt”), where ideal growth is possible due to the constantly warm temperatures and humid climate without extreme
weather fluctuations. The most important coffee producers include Brazil, Vietham, Colombia, Indonesia, Ethiopia,
and India B4, |n addition to the main ingredient, caffeine (1a), the purine alkaloids theophylline (1b) and
theobromine (1c), the diterpenes kahweol (2), cafestol (3a), and 16-O-methylcafestol (3b), as well as the flavonoid

epigallocatechin gallate (4) and the polyphenolic chlorogenic acids (5) are present in coffee; these are shown in
Figure 1 413161,
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Figure 1. Major constituents of Coffea spp.

Due to the global climate crisis, the weather has changed to more extreme temperatures and less rainfall all over
the planet. Hotter temperatures and extended dry periods in summer and extreme unusual frosts in winter have
caused enormous coffee harvest losses over the last few years, which have also increased the price of coffee
worldwide. Attempts are now being made to use all components of the coffee plant (the so-called “coffee by-
products”) in addition to the coffee bean itself to increase sustainable coffee production and to reduce its carbon

footprint.

Furthermore, the process of coffee production generates much waste (in the form of by-products) and wastewater.
Especially with the many washing steps during production, large amounts of contaminated water with high carbon
loading accumulate, which in turn represents a high environmental burden 8, One of the most promising options
to reduce the environmental impact of coffee production and make the process more sustainable is to utilize the
resulting by-products by using the biologically active substances; for example, as functional food, novel food
ingredients, or food supplements I,

Before coffee by-products can be marketed in the food sector within the European Union (EU), it is of great
importance that they acquire approval as novel foods. Novel foods are foods and/or food ingredients that are
relatively new to the European market and therefore have no history of use as safe foods for human consumption
(191 The European legal framework for novel foods intends to protect human health and consumer interests.
Regulation (EU) No. 2015/2283 defines “novel food” as any food that was not used for human consumption to a
significant extent within the Union before 15 May 1997 (1112 Both the classification as traditional food from non-
EU countries and the full application for authorization as a novel food require data of sufficient quantity and quality,
including a description of the novel food, its manufacture, chemical analysis methods, and analytical and

toxicological data to demonstrate that there is no safety risk to human health. The European Commission is
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responsible for the authorization of novel foods, which is often supported by the European Food Safety Authority
(EFSA) since the EFSA carries out toxicological risk assessments to ensure (food) safety. Common coffee by-
products, defined as any product derived from coffee production other than roasted coffee, are coffee flowers
(blossoms), leaves, coffee cherry materials (husks, cascara, dried or fresh coffee cherries, and coffee pulp or
mucilage), silver skin, parchment, green unroasted beans, and spent coffee grounds (Figure 2) [LOI13][14][15]

Figure 2. Some coffee by-products (coffee flowers/blossoms, coffee leaves, ripe and unripe (green) coffee

cherries).

| 2. Chlorogenic Acids
2.1. Structures, Properties, and Natural Occurrence

Originally, the naturally occurring esters of trans-configurated caffeic acid (6) and (-)-quinic acid (7) were known by
the trivial name chlorogenic acid (CQA, singular). In 1846, Payen used the term “chlorogen acid” for the first time
and isolated the crystalline potassium caffeine chlorogenate complex from green coffee (Coffea arabica) L8111,
The name chlorogenic acid comes from the Greek xAwpo¢ (khloros, light green) and yevog (ghenos, producing)
and refers to the intense green color that results when chlorogenic acids are oxidized [&. The origin of the name

may also be due to a green color that appears when chlorogenic acid is treated with an aqueous solution of
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ammonia in the presence of atmospheric oxygen [18l. The prefix “chloro” is misleading in that the substances have
no chlorine atoms in their chemical structure. The first time that pure chlorogenic acid was obtained in crystalline
form with a melting point of 206—207 °C was in 1907, with evidence being provided by the formation of caffeic acid
and quinic acid after alkaline hydrolysis [22l. Twenty-five years later, Freudenberg confirmed that chlorogenic acid is
a caffeic acid—quinic acid conjugate (29,

Today, several structurally similar compounds belong to the class of chlorogenic acids (CQAs, plural), which also
includes esters of other hydroxycinnamic acids such as ferulic acid (8) and p-coumaric acid (9) [2122][23][24][25]
Chlorogenic acids are secondary metabolites and belong to the biologically active dietary polyphenols with a
phenylpropanoid moiety. They are found in numerous plants, fruits, and vegetables [28] and play an important role
as an intermediate in the biosynthesis of lignin 2228 Figure 3 shows an overview of the chemical structures of the
main chlorogenic acids (10-13).
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Figure 3. Chemical structures of quinic acid, hydroxycinnamic acids, and the most common naturally occurring
CQAs (following the IUPAC numbering system).
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It was not until 1932 that Fischer and Dangschat suggested that the substance isolated by Freudenberg must be 3-
caffeoylquinic acid (3-CQA, 10a) 22, According to today’s IUPAC nomenclature, the 3-CQA postulated by Fischer
and Dangschat is 5-caffeoylquinic acid (5-CQA, 11a). Various publications on further structural analogues followed

in the subsequent years.

To date, over 80 different chlorogenic acids have been identified exclusively in green coffee B9, and more than 400
CQAs are currently known B, The structural diversity of chlorogenic acids results from the fact that the
hydroxycarboxylic acid has four hydroxy groups that are arranged differently in space. According to the IUPAC
nomenclature, the two hydroxy groups at C3 and C4 of (-)-quinic acid (7) are arranged equatorially, while the OH
group at position 5 is axial (see Figure 4) B2 Each of these OH functions of (-)-quinic acid can form
corresponding esters with the hydroxycinnamic acid derivatives 6, 8, and 9. In addition to the chlorogenic acids
shown in Figure 3, other hydroxycinnamic acid—quinic acid conjugates are also known, e.g., those made from
sinapinic acid or 3,4,5-trimethoxycinnamic acid and (-)-quinic acid (7) or multiple mixed esters such as caffeoyl-
feruloylquinic acids (CFQAs) [Z15][34],

HO COOH COOH HQ,_COOH
COOH « OH
s OH HO ~

HO ""OH = 3 ] 4 3 OH = : d

N o i 5 ' HG‘ - DH

OH HO : OH OH =

OH OH
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numbering of the International Union of Pure non-IUPAC numbering
and Applied Chemistry (IUPAC)

Figure 4. Numbering of the (—)-quinic acid fragment in CQAs.

Among the configurational/conformational/regio-isomers 3-CQA (10a), 4-CQA (12a), 5-CQA (11a) and 1-CQA (13),
5-CQA (11a) is the most prevalent chlorogenic acid in coffee 22231, The epimer 1-CQA (13) occurs in nature very
rarely and in very small amounts. Parejo et al. were able to identify 1-CQA in fennel (Foeniculum vulgare) using
LC-DAD-ESI-MS/MS as the chromatographic method 28],

In addition, the chlorogenic acids can be converted into one another by transesterification (Figure 5). The solvent
used in the extraction process also has an impact on the transesterification reaction. For example, the chlorogenic
acid 1-caffeoylquinic acid (13), which tends to be underrepresented in plants, can be formed via acyl migration
being accelerated by an increased amount of water in the organic extractant or in the plant material 27381391,
Transesterification reactions are also possible with FGAs and p-CoGAs in order to obtain the other structural

isomers.
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Figure 5. Conversion of CQAs by transesterification.

In addition to caffeine, chlorogenic acids occur as an ingredient in green and roasted coffee 49, However, the
content of chlorogenic acids in green coffee is greater than in roasted coffee [21[42143]144] Dyring the roasting
process, CQAs can be converted by dehydration into chlorogenic acid lactones such as 3-O-caffeoylquinic-1,5-y-
lactone (3-CGL, 14) and 5-O-caffeoylshikimic acid (dactylifric acid, 15), which results in a decreased amount of
classic CQAs 2911451461 Figure 6 shows examples of possible roasted products based on monocaffeoylquinic

acids.
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Figure 6. CQA products in roasted coffee: formation of 3-O-caffeoylquinic-1,5-y-lactone (14) and 5-O-
caffeoylshikimic acid (15).

The monocaffeoylquinic acids can be found in numerous plants, such as valerian (Valeriana officinalis) 42,

sunflower (Helianthus annuus) 48, bamboo (Phyllo-stachys edulis) 49, heather (Calluna vugaris from Ericaceae)
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59 lemon balm (Melissa officinalis) 51, nettle (Urtica dioica) 22, and Japanese honeysuckle (Lonicera japonica)
331 put also in the pulp of blueberries (Vaccinium corymbosum) B4 apples (Malus domestica) B3, grapes (Vitis
vinifera) 81 eggplant (Solanum melongena) BZ, peaches (Prunus persica) 28 and dried plums (Prunus
domestica) B2, and in the roots of chicory (Cichorium intybus) 9. Chlorogenic acid (11a), cryptochlorogenic acid
(12a), and neochlorogenic acid (10a) can also be detected in the leaves of the African mallow (Hibiscus sabdariffa

from Malvaceae) 81 and in walnuts (Juglans regia) 2.

Structures having more than one caffeic acid residue are called dicaffeoylquinic acids or isochlorogenic acids and
can be found, e.g., in coffee and in plants of the family Asteraceae [63l. Prominent isochlorogenic acids are shown
in Figure 7. The most abundant isochlorogenic acid in extracts from Indian pennywort (Centella asiatica from
Apiaceae) and other plant sources is 3,5-DCQA (16a) [64I85 |n 1954, the dicaffeoylquinic acid 1,3-DCQA (16b)
was isolated and characterized as the first 1-acyl quinic acid from the artichoke (Cyanara cardunculus) 21881 Also
called cynarine, 1,3-DCQA (16b) has antioxidant and anticholinergic effects. Other isochlorogenic acids have also

been found in the leaves of sweet potato (Jpomoea batatas) and white and green tea (Camellia sinensis) (€7,
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Figure 7. Structures of di-, tri- and tetra-caffeoylquinic acids.

Chlorogenic and isochlorogenic acids have demonstrated various effects in several studies. CQAs have antioxidant
[68] - antibacterial 89, antiviral 9, antidiabetic /21, neuroprotective 273l anti-inflammatory 41, and cytostatic
effects (/278 CQAs have been used therapeutically in some clinical treatments as well, e.g., in the treatment of
cardiovascular diseases ! and arterial hypertension (high blood pressure) 8. The broad scope of bioactivities
and pharmacological applications have attracted much attention from research scientists. Novel synthetic
chlorogenic-acid amide analogues have shown both higher chemical stability compared with classic chlorogenic
acids and biological activity against the hepatitis C virus 29, Several other chlorogenic acid derivatives have also
been made synthetically accessible and have other promising properties; for example, they have an antifungal

effect and effectively inhibit the HIV integrase/protease 89,

In addition to chlorogenic acid and isochlorogenic acid, there are other quinic acid conjugates with a higher number
of caffeoyl residues. Figure 7 shows the chemical structures of known tri- and tetracaffeoylquinic acids. The
ubiquitous occurrence of tricaffeoylquinic acids (TCQAS) in the plant kingdom has been known for a long time.
Bates et al. characterized and identified 3,4,5-TCQA (17a) for the first time in 1983 from methanolic extracts of

black-banded rabbitbrush (Chrysothamnus paniculatus of the Compositae family) 11,

In 1993, Agata et al. detected 1,3,5-TCQA (17b) in the fruits of the common cocklebur (Xanthium strumarium) €2,
A year earlier, Merfort reported the discovery of 1,4,5-TCQA (17c) from the flowers of Arnica montana and Arnica
chamissonis by extraction with ethyl acetate [83] |n 2018, Liu et al. demonstrated the occurrence of 1,3,4-TCQA

(17d) in Duhaldea nervosa chromatographically and spectroscopically 4. Since then, the number of
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tricaffeoylquinic acids in different plants with a variety of biological activities has increased significantly. Kim et al.
reported the interesting observation that sunlight significantly increases the amount of CQAs when isolating and
quantifying 1,3,4-TCQA and 1,3,5-TCQA from Ligulara fischeri B3, The antihyperglycemic effect of 3,4,5-TCQA
was confirmed in a study with a water-soluble fraction of Brazilian propolis 8. In 1994, Scholz et al. discovered
1,3,4,5-O-tetracaffeoylquinic acid (18) from the aerial parts of Pluchea symphytfolia 81, which showed significant
inhibition on the growth of bacterial strains such as Escherichia coli, Bacillus subtilis, and Micrococcus luteus and
had a weak anthelmintic effect in in vitro studies (8l In addition to the TetraCQA (18) isolated by Scholz et al.,
cyclobutane structural analogues have also been found, which formally result from a pericyclic reaction via the
[2+2]-cycloaddition between two neighboring caffeoyl residues 9. It is particularly impressive that 1,3,4,5-O-
tetracaffeoylquinic acid (18) inhibits Trypanosoma brucei RTPase Cetl (TbCetl) extraordinarily effectively but is,
on the other hand, necessary for the proliferation of procyclic cells B2, Using a colorimetric high-throughput
screening (HTS) assay, the inhibitory activity (ICsg) of TetraCQA was found to be in the submicromolar range at 13
nM and is the most effective inhibitor compared with around 20 other TbCetl inhibitors. Isochlorogenic acid A (16a)
is also effective at inhibiting ThCetl, with an ICsy of 70 nM. The number of naturally occurring derivatives of the
CQA family could be determined as follows: DCQA > TCQA > TetraCQA [,

2.2. Biosynthetic Pathways and Totally Synthetic Approaches

Plants can biosynthesize chlorogenic acids through a combination of the shikimic acid pathway and the
phenylpropanoid pathway (Figure 8), with CQAs being an important intermediate in the biosynthesis of lignin (2611l
99 The shikimic acid pathway starts with the enzyme-catalyzed cyclization of phosphoenolpyruvate (PEP, from
glycolysis) and erythrose 4-phosphate (E4P, from the pentose phosphate pathway), in which 3-dehydroquinic acid
is formed via 3-deoxyarabinoheptulosanate-7-phosphate (DAHP). Following the dehydratase-catalyzed elimination
of water, 3-dehydroshikimic acid is then formed, which reacts by redox reaction under the influence of NADPH to
form shikimic acid. The key intermediate, shikimic acid, is then converted into chorismic acid by ATP-dependent
kinase-catalyzed phosphorylation and subsequent phosphate elimination. The cyclohexadiene prephenic acid is
then formed by the enzymatically catalyzed Claisen rearrangement, which, after decarboxylation and subsequent
transamination, results in the product of the shikimic pathway, L-phenylalanine. L-phenylalanine is the starting point
of the phenylpropanoid pathway 2. In the first step, ammonia is split off via phenylalanine ammonia lyase (PAL),
resulting in cinnamic acid as a reaction product. Then, via p-coumaric acid, cinnamate 4-hydroxylase (C4H) and 4-
hydroxycinnamoyl-CoA ligase (4CL) generate caffeic acid as another important key intermediate in the biosynthetic
pathway of CQAs. Starting from caffeic acid (6), for example, 5-CQA (11a) can be formed in two different ways: (a)
by 4CL via caffeoyl-CoA with a subsequent transferase-catalyzed (HCT/HQT) reaction and (b) by UGT84 via
caffeoyl glucoside with a subsequent hydroxycinnamoyl D-glucose: quinate hydroxycinnamoyl transferase
(HCGQT)-catalyzed reaction 2293l Also known is the synthesis of 5-CQA by (c) the enzymatic reaction of p-
coumaric acid (9) to p-coumaroyl-CoA and the subsequent formation of p-coumaroylquinic acid. A subsequent
reaction with the enzyme coumarate 3-hydroxylase (C3H) then allows biosynthetic access to 5-CQA (11a) 24!, How
plants produce DCQAs or even TCQAs biosynthetically has not yet been fully elucidated, but it is likely that the
acylation of monocaffeoylquinic acids with caffeoyl-CoA is catalyzed by HCT/HQT, which has already been

demonstrated in tomatoes and sweet potatoes 2311961,
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Figure 8. Biosynthetic pathway of chlorogenic acids (modified from [22](281[88](93])

However, since plants always contain mixtures of many secondary metabolites, the isolation of CQAs from the
corresponding plant extracts involves a great deal of effort. When extracting CQAs from plant material, chlorogenic
acids can undergo various degradation reactions and/or isomerization under the influence of temperature, pH, and
light, so the original CQA ratio can be strongly influenced and even falsified 2. In addition to the storage
conditions of plant materials, problems are also caused by thermal process steps that have an impact on the
amount and ratio of chlorogenic acids. As mentioned before, the proportion of chlorogenic acids in thermally
treated, and thus roasted, coffee is significantly reduced compared with green coffee [28. Chemical conversion
processes such as epimerization, acyl migration, and dehydration are responsible for this 2. In order to
adequately investigate the diverse biological activities of CQAs, chemical syntheses for the preparation of larger
amounts of CQAs in pure form have come into focus. To date, there are only a few totally synthetic strategies

starting from differently protected quinic acid and caffeic acid derivatives with moderate to good yields. An overview
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of possible synthesis strategies for 5-CQA (11a) starting from quinic acid acetals is shown in Figure 9 [100][101][102]
In 1955, Panizzi et al. reported the first synthesis of 5-CQA (11a). However, the synthesis from quinic acid was only
possible in seven steps, with a low yield of <5% [93I104] The choice of the protecting group and its removal as
guantitatively as possible in the final step of the synthesis proved to be a major challenge. During the synthesis, it
is important to keep in mind that deprotection under basic conditions should be avoided, since CQAs have been
shown to be sensitive to oxidation reactions. Synthetic strategies should therefore exclusively rely on protecting
groups that can be removed under acidic conditions. Hemmerle et al. were able to produce 5-CQA in a 5-step
synthesis with an overall yield of 20—-32%, starting from a quinic acid acetal and using acid-labile-protecting groups
1 sefkow was the first to be able to increase the yield in the synthesis of 5-CQA in 2001 to 65%, when he
presented a 4-step synthesis strategy starting from quinic acid (7) that proceeded via a fully silyl-protected isolable
intermediate and that also used acid-labile-protecting groups [22. Fourteen years later, Kadidae et al. reported a
short total synthesis of 5-CQA, but this synthetic approach was not quite as successful (with 35% over four steps)
as that of Sefkow [22l. From the point of view of sustainability, the synthesis route of Hemmerle et al. was the best,
as predominantly inexpensive and stable reagents were used. To date, however, the synthesis of 5-CQA according
to Sefkow’s synthetic protocol is the most promising route, with the fewest number of synthetic steps and the
highest yield. Sefkow et al. also reported synthetic strategies for the synthesis of 1-CQA, 3-CQA, and 4-CQA via
quinic acid acetals with differently protected caffeic acid derivatives 19, In addition, synthesis routes for the
preparation of isochlorogenic acids are also known in the literature; however, these synthesis routes have not yet

been able to surpass the synthesis protocol of Sefkow, and they are only associated with low to moderate yields
[106][107][108][109]
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Figure 9. Approaches to the total synthesis of 5-CQA (examples) [100I[101](102]
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The synthesis of tri-O-caffeoylquinic acids (TCQAs) from acetal-protected quinic acid lactones by acylation has

been successfully demonstrated several times using a variant of the Schotten—-Baumann method and via Steglich
esterification 11110

| 3. Amounts of CQA in Coffee By-Products

As already mentioned, chlorogenic acids are found in a variety of plants. In coffee, the level of CQAs can vary
widely depending on the degree of roasting and the geographical origin. The CQA content in roasted coffee ranges
from 0.4-3.4 g/100 g (C. arabica) and 2.1-6.4 g/100 g (C. canephora) B4ILLLILI2ALIS] \yhijle the amount of 5-CQA
in green coffee has been shown to be higher at 6.0-9.0 g/100 g 114115 processing, especially roasting, modifies
dramatically the phenolic composition of coffee, but creates the characteristic aroma, flavor, and color of coffee
beverages. In comparison with coffee and Prunus spp. cherry juice (85 mg/L), parts of the potato plant (leaves,
sprout, root material) and the uncooked potato tuber contain very little amounts of 5-CQA, about 0.02-0.75 g/100 g
(116][117] Table 1 shows the amounts of monocaffeoylquinic acids and dicaffeoylquinic acids (isochlorogenic acids
A-C) from coffee by-products with reference to the literature. It is noticeable that the respective values for CQAs in
all coffee by-products vary quite widely. This is due to a number of factors, such as species and variety, different
post-harvest processing methods, degree of ripeness, extent of environmental conditions, agricultural practices,
and region of origin. What is also striking is that 5-caffeoylquinic acid (11a) is the most frequently occurring
monocaffeoylquinic acid in all coffee by-products in terms of quantity, and the amounts of 3-CQA and 4-CQA are
comparatively low. For this reason, the total amount of polyphenolic compounds is often given in the literature, with
5-CQA making up the largest proportion. Based on the amount of 5-CQA, the following sequence of coffee by-
products can be formulated according to the amounts in Table 1: coffee husks > coffee pulp > silver skin > spent
ground coffee > green unroasted beans > coffee leaves > coffee flowers (blossoms) > parchment. From the
dicaffeoylquinic acids, 3,5-DCQA (16a) is mostly found in coffee by-products, although not all coffee by-products
have been shown to contain DCQA in the literature.

Table 1. Amounts of chlorogenic acids in coffee by-products.

Chlorogenic Acid Content, Expressed in [g/100 g] (unless

1 *
Coffee Otherwise Stated; i - - Ret
By-Product 3-CQA 4-CQA 5-CQA ! ! ! ’
(10a) (12a) (11a) DCQA DCQA DCQA
(16d) (16a) (16c)
0.01- 0.19- [118]
coffee flowers n.r. n.r. 0.13-2.64 0.25 584 n.r.
(blossoms)
0.01-0.07 (in total) [L12]
coffee leaves 0.03— 0.01— 0.01— 190
0.04-0.30 0.09-0.84 1.39-5.58 018 113 012
11-180  42-300  1.0-190.0 n.r. n.r. n.r. =
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Chlorogenic Acid Content, Expressed in [g/100 g] (unless

1 *
Coffee Otherwise Stated)3 . . s ref
By-Product 3-CQA 4-CQA 5-CQA ! ! !
(102) (123) (113) DCQA DCQA DCQA
(16d)  (16a)  (16c)
mg/L mg/L mg/L **
122
n.r. n.r. 0.03-0.13 n.r. n.r. n.r. 123]
n.r. n.r. 2.3 n.r. n.r. n.r. 124
coffee pulp 0.03 0.04 0.22 0.05 0.06 0.03 125
n.r. n.r. 0.13-2.44 n.r. n.r. n.r. 126
n.r. n.r. 2.40 n.r. n.r. n.r. [127]
n.r. n.r. 13.3 n.r. n.r. n.r. 124]
0.01 0.02 0.57 0.08 0.15 0.04 [L25]
n.r. n.r. 2.50 n.r. n.r. n.r. 127
coffee husk n.r. n.r. 0.04-0.17 n.r. n.r. n.r. 128
n.r. n.r. 0.17 n.r. n.r. n.r. 129
n.r. n.r. 0.02-0.17 n.r. n.r. n.r. [128]
n.r. n.r. 69.9 mg/L ** n.r. n.r. n.r. 130]
0.93- 0.55—- 0.79- 131
1.80-5.16 2.38-6.02 7.33-8.98 1.04 1.00 106
0.15 0.09 0.20 n.. n.. n.r. [L32]
n.r. n.r. 2.2 n.r. n.r. n.r. 133]
n.r. n.r. 0.94-2.13 n.r. n.r. n.r. [129]
silver skin
n.r. n.r. 0.39 n.r. n.r. n.r. [134]
n.r. n.r. 20—39*mg/L n.r. n.r. n.r. 130
n.r. n.r. 0.02-0.04 n.r. n.r. n.r. [134]
n.r. n.r. 3.00 n.r. n.r. n.r. 127
parchment n.r. n.r. 0.61 n.r. n.r. n.r. [L29]
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Chlorogenic Acid Content, Expressed in [g/100 g] (unless ereas the
H *

Coffee Otherwise Stated)3 . . s ret. 100G 35
By-froduct 3 m. izg uiy  DCQA DCQA  DCQA sout twice
(16d) (16a) (16c) o found

n.r 0.40 n.r n.r n.r [L35]
in spent coffee groun o ' o o o it can be
1.50 1.62 1.87 0.29 1.00 1.70 L3y HPLC, a

118
spent C%ﬁee n.r. n.r. 2.30 n.r. n.r. n.r. Llﬁ] € content
grounds mparison.
0.62-1.32 (in total) 3.31-5.79 (in total) A8 EMS 1o
el 9 25 1.94 13.4 0.66 1.10 063 U131 lained. At
green unroasted rafi

.entration.

2T n.r. n.r. 3.6-4.4 n.r. n.r. n.r. o
)A at 0.06

g/100 g 1251, |n contrast, in coffee husks, Palomino Garcia et al. found a 5-CQA concentration of 13.3 g/100 g. A

simady 3P SERSE AN ClepSHa (654 BEVRPag) WASHIPUA%BY RAGFFARIA! Rbr L ErRRRRES GH RIS
BSRQF (EISJ'HEAHEJ)TQ_OLHYH 'y migﬁgﬂa'each other, the values found in the literature were converted into the unit

[9/100 g].
In silver skin, the concentration of 5-caffeoylquinic acid (5-CQA) determined from the literature is between 0.02

(minimum) and 9.0 g/100 g (maximum). Only Regazzoni and co-workers were able to extract and quantify the other
mono- and dicaffeoylquinic acids by liquid chromatography 231, In comparison with the other coffee by-products,
the determined concentrations of 3-CQA (up to 5.16 g/100 g) and 4-CQA (up to 6.02 g/100 g) come very close to
the concentration of the main chlorogenic acid 5-CQA (up to 8.89 g/100 g), while in other by-products 3-CQA and
the 4-CQA occur in low concentrations compared with 5-CQA. The concentration of dicaffeoylquinic acids in silver
skin, on the other hand, is largely equally distributed among the three DCQAs in a ratio of about 1:1:1 (each with
up to 1.00 g/100 g) 131 On the contrary, the concentration of 5-CQA in the coffee by-products parchment and
spent coffee grounds is quite low at 0.4-0.61 g/100 g and 1.32—-2.30 g/100 g, respectively [127][129][131][136]
However, it is interesting that the monocaffeoylquinic acids 3-CQA, 4-CQA, and 5-CQA in spent coffee grounds

occur in a ratio of about 1:1.1:1.3 and differ less in terms of quantity than in other coffee by-products 2211,

According to Murthy and Naidu, coffee by-products in total contain about 2.3-3.0% chlorogenic acids as the
phenolic compound 237, To verify this statement, the concentrations from the literature (from Table 1) for each
coffee by-product were listed using the unit g/100 g, which allows the direct conversion into a percentage (%).
Table 2 shows the results. The literature concentrations result in a concentration range of 0.8-5.5% (min—-max)
chlorogenic acids, with a total average value of 3.1%. The determined range is a bit wider than given by the

authors, but the calculated total average value fits very well.

Table 2. Amounts of 5-caffeoylquinic acid in coffee by-products.

Coffee By-Product Min (%) Max (%) Average (%)
coffee flowers (blossoms) 0.01 2.60 1.31
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Coffee By-Product Min (%) Max (%) Average (%)
coffee leaves 1.39 5.60 3.50
coffee pulp 0.03 2.40 1.22
coffee husk 0.02 13.3 6.66
cascara 0.01 0.01 0.01
silver skin 0.02 8.98 4.50
parchment 0.40 0.61 0.51
spent coffee grounds 1.32 2.30 1.81
green unroasted beans 3.60 134 8.50
total 0.76 5.47 3.11

For comparison, Belitz et al. reported that green coffee from C. arabica contains 3.0-5.6% and C. canephora 4.4—

6.6% chlorogenic acid (based on dry matter), while the chlorogenic acid content in roasted coffee is 2.7% for C.

arabica and 3.1% for C. canephora, based on the dry matter 138 Perrone et al. describe a chlorogenic acid

content of 4-12% in the raw coffee components in the mass (1391 which can be attributed to the transformation into

related compounds (see Figure 6).
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