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A systematic study by HPLC was conducted to determine the content of chlorogenic acids in green
coffee beans of the Variedad Colombia (Coffea arabica Caturra var. × Hı́brido de Timor) and in
other genotypes of interest of C. arabica, Coffea canephora, Hı́brido de Timor, and the F1 offspring
derived from the crossing Caturra × Hı́brido de Timor. Comparisons were made of the total content
of these acids, their quantitative differences, and the presence or absence of some of them, using
parametric statistical techniques and multivariate analysis. Total content differences were found
between C. canephora accessions, between Tı́pica and Caturra varieties of C. arabica, and between
Hı́brido de Timor accessions. The chromatographic profile comparisons with principal component
analysis separated in the first component C. canephora accessions from the rest of the genotypes,
whereas the second component separated C. canephora accessions.
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INTRODUCTION

The chlorogenic acids (CGA) content of the two main
species of coffee grown, Coffea arabica and Coffea
canephora, varies between 7 and 10% on dry basis (dmb)
(1). In the Hı́brido de Timor, a coffee population prob-
ably of interspecific origin (C. arabica × C. canephora),
this content is intermediate (2). The chlorogenic acids
content was used as a taxonomic criterion in Coffea and
Psilanthus and in interspecific hybrids such as Arabusta
(C. arabica × C. canephora), which showed an inter-
mediate concentration relative to that of its parents (3).
The content of the major chlorogenic acids subgroups
[feruloylquinic (FQA), caffeoylquinic (CQA), and dicaf-
feoylquinic (diCQA)] varies with maturity (4, 5), whereas
the minor compounds, usually not identified, are as-
sociated with the origin of the bean; some of their
variations may account for the kind of genotype (6).
Furthermore, studies on the possibility of distinguishing
green or roasted coffees of different origins by the CGA
fraction have been carried out through high-perfor-
mance liquid chromatography with ultraviolet detection
(HPLC-UV) and principal component analysis (PCA) (7).
Taking this information as a basis, the Variedad Co-
lombia, a composite cultivar resistant to rust (Hemileia
vastatrix), which was obtained at Cenicafé, Colombia
(8), was studied as a model population together with
other C. arabica and C. Canephora genotypes in order
to determine similarities or differences that might be
relevant as selection guidelines in genetic breeding
programs.

MATERIALS AND METHODS

Plant Material. Collections were made of physiologically
mature fruit (32 weeks after flowering) of Tı́pica, Caturra, and
Colombia (C. arabica var. Caturra × Hı́brido de Timor)
varieties of C. arabica, three Hı́brido de Timor accessions, the
first generation (F1) of Caturra × Hı́brido de Timor crossing,
and three accessions of C. canephora. These materials were
planted in the Cenicafe germplasm collection in Chinchiná,
Caldas, at an altitude of 1400 m above sea level (mean
temperature of 21.7 °C, annual rainfall of 2258.6 mm, and
relative humidity of 75%). The fruits were subjected to wet
processing, and the seeds were dried in the sun. Parchment-
free beans known as green coffee were used for the study. The
beans were ground in the presence of liquid nitrogen and were
stored at -20 °C in order to perform the analyses.

Chlorogenic Acids Extraction. Four successive extrac-
tions of 2 g of ground coffee were made with 25 mL of aqueous
ethanol (80%); alcohol fractions were combined (100 mL) and
concentrated under reduced pressure. The aqueous residue
was extracted with petroleum ether four times to eliminate
lipids and pigments. Ammonium sulfate was added to the
aqueous extract to a final concentration of 20 g/L for protein
precipitation (9). Most of the caffeine was extracted from the
aqueous fraction with chloroform (4 × 20 mL), and another
four extractions were made with 20 mL of ethyl acetate to
extract the chlorogenic acids. The ethyl acetate phases were
combined, and the residual water was eliminated using sodium
sulfate. The extract was dried under a nitrogen stream, and
the residue was dissolved in 10 mL of methanol for HPLC
analysis. Extraction of total chlorogenic acids content was
made using Lehman’s technique (10).

Identification. Chlorogenic acids (CQA, FQA, and diCQA)
showed the same UV spectra (220-340 nm) and were identi-
fied by comparison of retention times in relation to 5-caf-
feoylquinic acid (11, 12). Separation was accomplished in a
Varian 500 HPLC with a diode array detector (Hewlett-
Packard 1040 A), a Lichrosorb RP-18 precolumn, and a Hibar
Lichrospher RP-18 column (250 mm × 4.6 mm; 5 µm). These
conditions were previously reported (6).
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The main isomers were identified by HPLC-mass spec-
trometry (HPLC-MS) by comparing them with reference
spectra (13) and on the basis of analysis of spectral data. A
system consisting of an HP particle beam 5988A and a Hibar
Lichrospher RP-18 column (250 mm × 4.6 mm; 5 µm) was
used. The elution solvents were (A) 2 mM H3PO4 and (B)
MeOH, and the elution program at room temperature (25 °C)
was as follows: 0-10 min, 60% B (isocratic); 10-25 min, 100%
B (linear gradient); flow rate ) 1.0 mL/min.

Quantification. The total chlorogenic acids quantification
was achieved using ultraviolet spectrophotometry (10). The
quantification of each isomer was performed using the external
standard method, integrating the area of each of the chro-
matograph peaks, and relating them to the 5-caffeoylquinic
acid pattern (1 mg/mL). For the extraction of total chlorogenic
acids, the materials were extracted for 3 h. Three replications
per genotype were made.

Statistical Analysis. Variance analysis was used for the
total chlorogenic acids content of the genotypes, and mean
separation techniques were applied (Duncan, P ) 99%) to
identify statistically different genotypes. Multivariate analysis
tests were used for chromatographic profile comparisons, using
chromatograph peaks as variables and evaluating them on the
basis of their concentrations. The tests used were PCA,
correspondence factorial analysis (CFA), hierarchical ascend-
ing classification (HAC), and discriminating factorial analysis
(DFA). Analyses were performed using SAS and STAT-ITCF
statistical software.

RESULTS AND DISCUSSION

Table 1 shows the average total chlorogenic acids
content, together with the statistical classification of the

genotypes on the basis of the percentage of these acids.
The highest contents were found in the three C. cane-
phora accessions and the lowest in the Caturra variety.
These values are consistent with those reported by other
authors to C. arabica and C. canephora coffees (14).
Statistically significant differences were found among
total chlorogenic acids content, which allowed the
discrimination of the genotypes into seven clearly
defined groups (A-G). Important differences were ob-
served between the Caturra (7.87%) and Tı́pica (11.36%)
varieties of C. arabica. Variedad Colombia lies between
these two (10.06%). Differences between Hı́brido de
Timor accessions confirm the diversity of this popula-
tion. Hı́brido de Timor accession 832 shows a relatively
high content and was classified in the same group (C)
as the Tı́pica variety. This result could be explained as
suggested in another study (15) that one of the Hı́brido
de Timor’s parents could have been this variety. Al-
though the Variedad Colombia and the F1 generation
of Caturra × Hı́brido de Timor belong to statistically
different groups, their contents are very similar, sug-
gesting that total quantities have remained without
noticeable modifications throughout the selection pro-
cess.

Table 2 shows the quantification and identification
results for the CGA chlorogenic acids. Under the HPLC
conditions used (6), 16 compounds were separated, of
which the following acids were identified: 5-CQA,
5-FQA, 3,4-diCQA, 3,5-diCQA, 4,5-diCQA, 3,4-CFQA,
and 4,5-CFQA. The first five are present in all of the
genotypes, whereas 3,4-CFQA was not found in the
Caturra and Colombia varieties, the Caturra × Hı́brido
de Timor F1 generation, or Hı́brido de Timor 1343. 4,5-
CFQA was not detected in Caturra or Tı́pica. The
remaining nine compounds were not identified. Among
that group, Clifford has also reported isomers with
relative retention times of 2.04, 2.13, and 2.21 as
unidentified. The isomers corresponding to retention
times of 0.72, 1.13, 1.26, 1.35, 1.44, and 2.57 showed
ultraviolet spectra characteristic of chlorogenic acids but
were not reported by this author. These latter com-
pounds could be characteristics of some of the studied
genotypes.

When the data were analyzed by regions, it was found
that in the range corresponding to CFQA (tR ) 2.03-

Table 1. Total Dry Base Content of Chlorogenic Acidsa

genotype chlorogenic acids (%) groupb

C. canephora BP46 13.5 A
C. canephora Centro1 13.36 A
C. canephora BP4 12.09 B
Var. Tı́pica of C. arabica 11.13 C
Hı́brido de Timor 832 11.21 C
F1 Caturra × Hı́brido de Timor 10.51 D
Variedad Colombia 10.06 E
Hı́brido de Timor 2252 9.29 F
Hı́brido de Timor 1343 9.18 F
Var. Caturra of C. arabica 7.87 G

a Groupings were done using the Duncan test with a 99%
probability; values correspond to the average of three determina-
tions. b A-G, classes based on statistically significant differences.

Table 2. Identification and Quantification of Chlorogenic Acids in Each Coffee Genotype, Comparing Retention Times
Relative to 5-Caffeoylquinic Acid Reported by Clifford (11) (Grams per Kilogram on Dry Basis) and Relative Retention
Times (tR), for Variety (Var.), Hı́brido de Timor (HT), Canephora (CAN), and First Generation of Caturra × Hı́brido de
Timor (F1)

coffee genotype

compound tR Var. Caturra Var. Tipica Var. Colombia F1 HT 1343 HT 832 HT 2252 CAN BP4 CAN BP46 CAN CEN1

unknown 0.72 0.756 1.253 1.161 0.996 1.542 1.391 1.605 0.405 2.002 1.265
5-CQA 1.00 21.371 23.914 19.004 24.167 27.074 25.675 21.352 11.577 27.408 23.996
unknown 1.13 0.036 0.035 0.068 0.085 0.059 0.087 0.045 0.206 -a -
4-FQA 1.26 0.206 0.090 0.107 0.130 0.118 0.057 0.078 - - -
unknown 1.30 0.193 0.176 0.262 0.268 0.225 0.261 0.260 0.170 0.422 0.341
5-FQA 1.35 2.079 1.634 1.988 2.695 2.218 2.483 1.620 2.436 4.763 4.401
unknown 1.44 - 0.439 0.529 0.106 0.244 0.453 0.679 - 0.345 -
3,4-diCQA 1.73 1.161 0.916 0.761 1.105 1.152 1.351 0.878 2.012 3.140 3.136
3,5-diCQA 1.82 3.642 3.696 2.222 3.090 2.591 3.085 2.039 2.646 4.085 4.191
4,5-diCQA 1.92 1.126 0.964 0.673 1.170 0.915 0.951 0.821 1.550 2.567 2.430
3,4-CFQA 2.03 - 0.137 - - - 0.216 0.081 0.667 0.590 0.697
unknown 2.04 0.1 - 0.037 - 0.032 0.323 0.100 - - -
unknown 2.13 - - - - 0.189 - - 0.852 0.658 1.032
unknown 2.21 - - - - 0.049 0.161 0.062 0.641 0.599 0.833
4,5-CFQA 2.30 - - 0.135 0.175 0.139 0.166 0.159 1.269 1.574 1.431
unknown 2.57 - - - - - - 0.325 - 0.257

a Not detected.
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2.57, according to Clifford), there are six compounds
among which 3,4-CFQA and 4,5-CFQA were identified.
The highest contents of these two acids were found in
the C. canephora accessions. In the other genotypes
these compounds were found in very low concentrations
or were not detected at all. The major compound in this
group of isomers was 4,5-CFQA. In the region corre-
sponding to diCQA (tR ) 1.73-1.92), 3,4-diCQA, 3,5-
diCQA, and 4,5-diCQA were identified and were found
present in all of the genotypes. 3,5-diCQA is a major
component in this region, and it was found in high
content in the BP46 and Centro 1 accessions of the
canephora species. Four compounds were found in the
FQA region (tR ) 1.26-1.44), among which 5-FQA and
4-FQA were identified. The major compound in this
region is 5-FQA, which is present in all of the genotypes,
with its highest concentrations found in introductions
BP46 and Centro 1 of C. canephora. Finally, three
compounds were found in the CQA region (tR ) 0.72-
1.13). 5-CQA was identified and is the major compound
in all of the coffees studied, with a content ranging
between 45 and 75% of the total CGA measured by

HPLC. The compound at tR ) 1.13 was not found in
introductions BP46 and Centro 1 of C. canephora,
whereas in introduction BP4 the content was the
highest.

The presence or absence of some compounds offers the
potential for using them as discriminating compounds
in certain cases. In this regard, isomer 4,5-CFQA,
present in all of the materials except for the Caturra
and Tı́pica varieties, could be used to separate these
varieties from the rest of the genotypes. Its presence in
Variedad Colombia and in F1 of Caturra × Hı́brido de
Timor suggests that the compound was derived from the
C. canephora species through the Hı́brido de Timor
parent. Likewise, the Tı́pica and Caturra varieties could
be distinguished by means of 3,4-CFQA and from the
compound with tR ) 1.44, present in the former and
absent in the latter. In addition, 4-FQA could be used
for differentiating canephora coffees from the rest of the
genotypes, considering that it was not detected in any
of the three accessions of that species.

Hı́brido de Timor accessions 832 and 2252 exhibit the
same behavior in relation to the presence or absence of

Figure 1. HPLC chromatograms of chlorogenic acids in green coffee beans: (A) Var. Caturra of C. arabica; (B) BP46 introduction
of C. canephora. Conditions are described under Materials and Methods.
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compounds above-mentioned but are different from
accession 1343 with regard to two isomers: the com-
pound with tR ) 2.13, absent in Hı́brido de Timor
accessions 832 and 2252 and present in accession 1343,
and 3,4-CFQA, which shows the opposite behavior. The
absence of this acid in the F1 offspring of Caturra ×
Hı́brido de Timor 1343 and in Variedad Colombia,
derived from this crossing, suggests the potential use
of this compound for identifying the Hı́brido de Timor
accession from which the offspring was obtained.

Multivariate Analysis of Chlorogenic Acids. Be-
cause the biggest differences in the chromatographic
profiles of the chlorogenic acids were found between
Variedad Colombia and C. canephora Centro 1 geno-
types, only their corresponding HPLC chromatograms
are illustrated in Figure 1.

PCA summarized the data for the 16 peaks in three
principal components or axes accounting for 89% of the
variation. Figure 2 shows genotype distributions on the
1-2 plane. Axis 1 discriminates mainly on the basis of
the content of chlorogenic acids 5-FQ, 3,4-diCQ, 4,5-
diCQ, 3,4-CFQA, and 4,5-CFQ and the compounds with
tR ) 2.13 and 2.21, all of which are positively associated
with this axis. 4-FQA and the compounds of tR ) 1.44
and 2.04 participate with a negative relation in this
same axis. 5-CQA and the compounds of tR ) 0.72 and
1.30 have an important participation in the makeup of
axis 2 with a positive gradient. The compounds of tR )
1.13 and 2.57 contribute with a negative gradient.

On the plane, along axis 1, C. canephora Bp46, Centro
1, and BP4 accessions are found at one end and Hı́brido
de Timor accessions, Caturra, Tı́pica, and Colombia

varieties, and Caturra × Hı́brido de Timor F1 are found
at the other end. Axis 2 principally separated the BP4
accessions of C. canephora from the other accessions.

Genotype classification was done by means of an
HAC, and the groups are shown in Figure 2. This
grouping was confirmed by means of a DFA, which
indicated that the genotypes were classified correctly
in 100% of cases.

Table 3 shows the content of chlorogenic acids in each
of the formed groups in order to characterize them.
Group I, consisting of Centro 1 and BP46 canephora
accessions, was characterized by the highest content of

Figure 2. Analysis of the principal components for chlorogenic acids. Groupings are based on hierarchical ascending classification
(I-III).

Table 3. Relative Content of Chlorogenic Acids (Percent)
from Each of the Groups Formed in the Multivariate
Analysis (Data Correspond to Average Content)a

compound tR group I group II group III

unknown 0.72 49.77 12.35 37.88
5-CQA 1.00 42.78 18.57 38.65
unknown 1.13 0.00 77.71 22.29
4-FQA 1.26 0.00 0.00 100
unknown 1.30 48.52 21.64 29.83
5-FQA 1.35 50.24 26.71 23.06
unknown 1.44 33.04 0.00 66.96
3,4-diCQA 1.73 50.64 32.47 16.89
3,5-diCQA 1.82 42.69 27.30 30.01
4,5-diCQA 1.92 50.04 31.03 18.93
3,4-CFQA 2.03 46.89 48.59 4.52
unknown 2.04 0.00 0.00 100
unknown 2.13 49.01 49.42 1.57
unknown 2.21 51.29 45.93 2.78
4,5-CFQA 2.30 52.12 44.04 3.85
unknown 2.57 28.29 71.71 0.00
a tR ) retention time relative to 5-caffeoylquinic acid.
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5-CQA, 5-FQA, 3,4-diCQA, 3,5-diCQA, 4,5-diCQA, 4,5-
CFQA, and the compounds of tR ) 0.72, 1.30, and 2.21.
4-FQA and the compounds of tR ) 1.13 and 2.04 were
not detected.

Group II (C. canephora BP4) had the highest content
of the compounds of tR ) 1.13 and 2.57. 4-FQA and the
compounds of tR ) 1.44 and 2.04 were not detected.

Finally, group III, formed by the Caturra and Tı́pica
varieties of C. arabica, Variedad Colombia, F1 of Ca-
turra × Hı́brido de Timor, and the three Hı́brido de
Timor accessions, had the highest content of 4-FQA and
of the compounds of tR ) 1.44 and 2.04 and the lowest
content of 3,4-diCQA, 4,5-diCQA, 3,4-CFQA, and 4,5-
CFQA and of the compounds of tR ) 2.13 and 2.21. The
compound with tR ) 2.57 was not detected.

In conclusion, it was possible to discriminate the
genotypes studied by means of the chlorogenic acids,
using total content, qualitative differences (presence or
absence), and quantitative differences assessed by
means of multivariate analysis techniques. This dis-
crimination can be used in genotype selection because
it allows the correlation of differences or similarities
with the parental line.
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