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a  b  s  t  r  a  c  t

Chlorogenic  acid  (CGA)  is  a fine chemical  used  in  different  food  and  pharmaceutical  industries.  CGA
is  currently  extracted  from  various  plant  materials,  particularly  green  coffee  beans.  Yerba  mate  (Ilex
paraguariensis  St.  Hil.)  contains  significant  amounts  of  CGA  with  very  low  levels  of  extraction  interfering
substances  (fatty materials).  Both  of these  reasons  prompted  us  to  evaluate  yerba  mate  as  a novel  source
for extraction  of this  compound.

CGA  content  was  quantified  in  various  yerba  mate  fractions  during  different  processing  steps,  and
in  samples  taken  from  two  companies  at early  and  late harvesting  seasons.  Samples  were  exhaustively
extracted  with  hot  water  and  total  CGA content  (including  its three  isomeric  compounds)  was  determined
by  HPLC.  Total  CGA  content  (on  a  dry  weight  basis)  ranged  from  45.8 ± 0.4  to 80.8  ±  1.0  g CGA kg−1 of  leaves
and  from  31.6 ± 0.6 to 78.9 ± 5.3  g  CGA  kg−1 of  stems.  A substantial  reduction  in  CGA  content  was  found
along  the  processing  steps.  The  highest  CGA content  was  found  in  samples  from  freshly  harvested  (green)

yerba  mate,  for both  leaves  and  stems;  with  no significant  differences  in  their  CGA content  (P <  0.05).
CGA  content  at the early  harvesting  season  was  substantially  higher  to that  obtained  at  the end  of the
harvesting  season,  for both  green  leaves  and  stems.

Green  stems,  a residue  from  yerba  mate  processing  obtained  at the  early  harvesting  season,  could  be
considered  as  a promising  and  valuable  raw  material  for  the  production  of CGA-enriched  extracts.

©  2015  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Structurally, chlorogenic acid (CGA, CAS number: 327-97-9) is
n ester formed between caffeic and l-quinic acids (5-O-caffeoyl-
uinic acid) (Fig. 1). Isomers of CGA include 3-O-caffeoyl-quinic
cid (neochlorogenic acid, neo-CGA) and 4-O-caffeoyl-quinic (cryp-
ochlorogenic acid, crypto-CGA). CGA is a kind of polyphenol
erivative widely present in higher plants (Delage et al., 1991)
hat is extensively used in medicine and industries such as in con-

umer chemicals and food industries (Kweon et al., 2001). It is
mployed as additive in beverages, cosmetics, tea products and
oods as well as medical substances (Jiang et al., 2000; Jin et al.,

∗ Corresponding author. Fax: +54 221 483 3794.
E-mail addresses: anabutiuk@fceqyn.unam.edu.ar

A.P. Butiuk), amartos@fceqyn.unam.edu.ar (M.A. Martos), osao@yamaguchi-u.ac.jp
O. Adachi), hours@biotec.org.ar (R.A. Hours).

ttp://dx.doi.org/10.1016/j.jarmap.2015.12.003
214-7861/© 2015 Elsevier GmbH. All rights reserved.
2005). Potentially beneficial properties to humans such as antioxi-
dant, hypoglycaemic, antiviral and hepatoprotective activities have
been also attributed to CGA in in vitro, in vivo and epidemiological
studies (Farah and Donangelo, 2006).

CGA is currently available in the international market both as
analytical grade reagent, as well as food grade and bulk product,
being considered within the category of Fine Chemicals. Current
FOB price of CGA (food grade, bulk product, 95% w/w  purity) is
estimated in around US$ 3500 per kilogram (personal communica-
tion from a trader, 2014). Its present commercial sources are from
plant extracts of Lonicera japonica Thunb and Eucommia ulmoides
Oliver (Chun and Kim, 2004; Clifford et al., 2006; Li et al., 2005;
Rønsted et al., 2002). These sources are generally limited and there-
fore expensive. CGA is also present in relative high concentrations

in other plant resources, such as apples, pears and potato tubers,
and mainly in coffee berries, particularly in green (or raw) coffee
beans, material which is considered to date as the most important
CGA natural source (Clifford, 1999, 2000). Green coffee beans are

dx.doi.org/10.1016/j.jarmap.2015.12.003
http://www.sciencedirect.com/science/journal/22147861
http://www.elsevier.com/locate/jarmap
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jarmap.2015.12.003&domain=pdf
mailto:anabutiuk@fceqyn.unam.edu.ar
mailto:amartos@fceqyn.unam.edu.ar
mailto:osao@yamaguchi-u.ac.jp
mailto:hours@biotec.org.ar
dx.doi.org/10.1016/j.jarmap.2015.12.003
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Fig. 1. Chemical structure of chlor

asically just unroasted coffee beans. Total CGA content of green
offee beans may  vary according to genetics—species and cultivar,
egree of maturation and, less importantly, agricultural practices,
limate and soil (Farah and Donangelo, 2006). The diversity of
ethodology employed in the analysis of CGA is another impor-

ant factor when comparing levels. Depending on the species, green
offee beans contain some 6–10% CGA on a dry weight basis. Due
o thermal instability, CGA is degraded into low molecular weight
henol derivatives during coffee roasting, resulting in a progressive
estruction and transformation of CGA with some 8–10% being lost
or every 1% loss of dry weight (Clifford, 1999, 2000).

Ilex paraguariensis St. Hil. (Aquifoliaceae) (yerba mate) is an
rboreal species that naturally grows and is cultivated in the tem-
erate and subtropical climatic regions of Argentina, Brazil, and
araguay. Argentina is the main producer of yerba mate (≈60%
f the worldwide production accounting for 750,000 ton/year in
verage). Yerba mate is traditionally employed as a decoction or
nfusion due to its nutritional and medicinal properties (tonic,
holeretic, diuretic, anti-rheumatic, etc.). Values as high as 8–10%
w/w) CGA (including its various isomeric compounds) on a dry
eight basis have been reported for different yerba mate derived
aterials (Isolabella et al., 2010; Marques and Farah, 2009; Pagliosa

t al., 2010). Therefore, yerba mate could be considered as a com-
letely new, still untapped and highly competitive source for CGA
xtraction.

The production process of yerba mate involves harvesting of the
eaves and stems, which are roasted, dried over fire, minced, aged,

illed, and packed for their commercialization. Processing may
ary among industries although the procedure is basically the same.
ig. 2 shows a typical process flow chart for yerba mate (Schmalko
nd Alzamora, 2001).

During the industrial processing steps of yerba mate (harvesting,
oasting, drying, and aging) some changes in the profile and con-
entration of bioactive compounds may  be produced (López et al.,
006). Only a few recent studies have been carried out to assess
he changes that occur in yerba mate during its processing. Bastos
t al. (2006) and Isolabella et al. (2010) have studied CGA variation,
mong other compounds, of yerba mate leaves along the different
rocessing steps. Nevertheless, to date there is no detailed infor-
ation of the CGA content in the different fractions of yerba mate

particularly leaves and stems) during its industrial processing and
t different harvesting seasons.

Scientific information available on yerba mate includes stud-
es on its composition, physiological effects, and potential health
mplications as well as technological considerations for its pro-
essing (Heck and Gonzalez de Mejia, 2007). Nevertheless, no
xamples about yerba mate utilization as raw material for
io-transformations have been described. A novel strategy for

ndustrial production of various useful materials of pharmaceutical

ignificance from our traditional yerba mate is under development.
his strategy is based on its high CGA content, comparable to that in
offee products, but with a lower level of extraction interfering sub-
tances, particularly fatty materials. Therefore, yerba mate seems
 acid and its isomeric compounds.

to be a quite special and unique source of CGA, which can be bio
technologically converted into value added compounds of pharma-
ceutical significance. For instance, CGA can be readily converted to
shikimate via quinate, 3-dehydroquinate and 3-dehydroshikimate
(Adachi et al., 2006a,b,c, 2008). Shikimate is important as the direct
precursor for Oseltamivir synthesis (Roche’s brand name Tamiflu®),
the potent and selective competitive inhibitor of influenza A and B
neuraminidase (Enserink, 2006) preventing people from pandemic
flu infection, as well as for the synthesis of antibiotics, amino acids
and agrochemicals.

According to the previously described, we  investigated the CGA
content, in both leaves and stems, along the different processing
steps in two yerba mate companies at the beginning and at the
end of the harvesting season. This information is mandatory for
selecting the most adequate yerba mate fraction as raw material for
the preparation of CGA-enriched aqueous extracts for subsequent
CGA-biotransformation into valuable products.

2. Materials and methods

2.1. Yerba mate materials

Samples of fresh (just harvested) yerba mate branches and
processed yerba mate were supplied by two yerba mate process-
ing plants (Plant A and Plant B) located in Apóstoles, Misiones,
Argentina. Collection and storage of the plant material were carried
out under strict controlled conditions. Plant material was mechan-
ically harvested during the beginning (April and May, 2014) and at
the end of the harvesting season (September 2014). Analysis was
carried out on samples taken from the same lot (∼=10 ton) during
the following processing steps:

i) Harvesting (samples labeled H): samples of fresh yerba mate
branches (∼=20 kg, randomly chosen) just harvested were con-
veniently cut into pieces and treated in our laboratory in a
microwave oven at maximum power (700 W)  for 5 min to
inhibit enzymatic activity.

ii) Roasting (R, locally called zapecado): in this stage, green yerba
mate branches are exposed to direct fire at temperatures
between 250 and 550 ◦C during 2–4 min  depending on pro-
cessing plant to inactivate oxidizing enzymes. Samples of yerba
mate branches (∼=20 kg, randomly chosen) were analyzed.

ii) Drying (D): in both processing plants it was performed employ-
ing a continuous belt system. In the case of Plant A drying
consisted of the following sub-steps: pre-drying (PD) (250 ◦C
for 7 min), first drying belt (1st D) and second drying belt (2nd
D) (105–120 ◦C for 1.5 h). In Plant B drying was performed at

90 ◦C during 5 h. Samples (∼=20 kg, randomly chosen from each
drying process) of yerba mate branches were analyzed. In addi-
tion, in the case of Plant B, samples taken after coarse milling
were also analyzed. In these cases (processing steps i, ii and iii),
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Fig. 2. Flow chart for the industrial processing of ye

leaves and small stems were manually separated from yerba
mate branches before analysis.

v) Processed yerba mate (PYM, material subjected to the previous
stages of aging, milling and sieving). These samples correspond
to the three fractions (leaves, stems and powder, ∼=5 kg in each
case) that are mixed in varying proportions (blends) depending
on the nature and brand of the yerba mate being produced to
obtain the final product before packing and commercialization.

In order to facilitate extraction, all samples above mentioned
ere ground separately to fine powder (except for the case of the
owder from PYM) with a cutter mill with 500 �m pore mesh
Ø particle size <500 �m).  Powdered samples thus obtained were
acked into airtight plastic bags and stored at 4 ◦C until required.

.2. Chemicals and reagents

CGA was a product of Sigma–Aldrich (St. Louis, USA). HPLC grade
ater, formic acid and acetonitrile were from Panreac (Barcelona,

pain), Tedia (Fairfield, USA) and J.T. Baker (Phillipsburg, USA),
espectively. Distilled water was used for CGA extractions while for
etermination of CGA content the reagents used were of analytical
r chromatographic grade.

.3. Moisture content

In order to express the amount of CGA on a dry weight basis,
oisture content of the samples was determined according to the
OAC method (AOAC, 2000).

.4. Preparation of yerba mate extracts

Water extracts were prepared by boiling 500 mg  of each sam-
le (duplicate) in 50 mL  of distilled water (98 ◦C) during 5 min  with
eriodic agitation, according to Heck et al. (2008) and Isolabella
t al. (2010), with modifications. Then, samples were left to cool
own at room temperature, centrifuged (15 min  6000 rpm) and the
olume made up to 50 mL  to recover water lost during boiling.
he extraction step was  carried out again on the solid remaining
n the same conditions described above. Reported values for CGA

orrespond to the sum of those obtained from the first and second
xtractions. All extracts were kept at 4 ◦C after preparation or open-
ng of the container until analysis, which was performed within no

ore than 4 days.
ate (adapted from Schmalko and Alzamora, 2001).

2.5. Identification and quantification of chlorogenic acid in yerba
mate extracts

Identification of CGA and its isomeric compounds was con-
ducted with a high performance liquid chromatography (HPLC)
method adapted from Bravo et al. (2006). Analysis was  carried
out using a Shimadzu Prominence gradient liquid chromatograph,
equipped with a Shimadzu SIL-20 A HT autosampler and a Shi-
madzu SPD-M20A diode array detector (DAD) UV/VIS. Samples
(20 �L) were injected into the HPLC system, and separation was
performed on a C18 RP Phenomenex Prodigy ODS3 column (5 �m,
250 mm × 4.6 mm I.D.) protected with an ODS RP18 guard column.
Runs were done at room temperature and at a flow rate ranged from
1 to 1.2 mL  min−1. A binary gradient of 1% formic acid in deionized
water (solvent A) and acetonitrile (solvent B) was  as follows: from
10% to 17.5% solvent B over 15 min, 17.5% to 30% solvent B over
2 min, and then isocratically for 8 min, and, finally, it increased lin-
early to 10% solvent B over 1 min. The DAD was set at 326 nm.  The
identification of CGA and its isomeric compounds was carried out
by comparing the retention times and absorption spectra (between
250 and 400 nm)  of the peaks with those of pure standard com-
pounds, absorbances at 326 nm (maximum for CGA), and elution
patterns with those reported in literature (Bravo et al., 2006; Carini
et al., 1998; Fang et al., 2002). Concentration of CGA and its isomers
in yerba mate samples was  calculated using a calibration curve of
standard compound commercially available (y = 6 × 108 x − 18511,
R2 = 1) due to equality in the chemical structure. In all cases, values
were expressed on a dry weight basis (grams per kilogram of dried
material, g CGA kg−1 dw).

2.6. Statistical analysis

Data were expressed as means ± standard error of the mean of
two independent determinations carried out by triplicate. A one
way ANOVA with the a posteriori Tukey test was used to evaluate the
significance of results. A probability (P) value <0.05 was  considered
significant. Multiple sample comparison was performed using the
Statgraphics Centurion program version XVII.

3. Results and discussion

The moisture content for all samples analyzed varied according
to the processing step, as it was expected (Table 1). The moisture
average values found for the different samples were similar to those

reported by other authors (Bastos et al., 2006).

The identification and quantification of CGA and its isomers
(neo-CGA and crypto-CGA) was  monitored by diode-array. All
extracts obtained (from leaves, stems and powder) showed a sim-
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Table  1
Moisture content of yerba mate materials along different processing steps in two processing plants.

Processing plant Processing step Moisture content (%)A

Leaves Stems Powder

A Harvesting 60.78 ± 0.13a 61.81 ± 0.00b –
Roasting 20.69 ± 0.13c 47.38 ± 0.01d –
Pre-drying 13.22 ± 0.09e 34.71 ± 0.10f –
1st  Drying 5.27 ± 0.17g 7.19 ± 0.02h –
2nd  Drying 2.00 ± 0.04i 2.26 ± 0.05i –
Processed yerba mate 2.49 ± 0.08i 2.80 ± 0.01i 2.63 ± 0.11i

B Harvesting 62.30 ± 0.05b 65.22 ± 0.08j –
Roasting 24.21 ± 0.14k 47.96 ± 0.10d –
Drying  5.95 ± 0.16g 5.61 ± 0.12g –
Milling  5.63 ± 0.00g 5.95 ± 0.03g –
Processed yerba mate 6.42 ± 0.13h 7.37 ± 0.13h 7.31 ± 0.18h

A Results are expressed as g water per 100 g of wet  material (mean ± SD, n = 3).
Different superscripts indicate significant difference (p < 0.05).

Table 2
UV characteristics of the chromatographic peaks.

Peak RT (min) �max (nm) Compound

1 9.0 326, 296 sh Neochlorogenic acid
2  13.5 326, 296 sh Chlorogenic acid

R

i
F

p
s
i
s
t
t
f
(
i
(

r
o
b
t
w
t
C

3  14.6 326, 296 sh Cryptochlorogenic acid

T: retention time; sh: shoulder.

lar phenolic profile. A typical elution chromatogram is shown in
ig. 3.

Table 2 gives the UV characteristics of the chromatographic
eaks. The three compounds (peaks 1, 2 and 3) had the same UV
pectra, with a maximum at 326 nm and a shoulder at 296 nm,  typ-
cal of caffeoylquinic acid derivatives. The retention time and UV
pectrum of the compound corresponding to peak 2 were identical
o those of standard CGA. The other compounds would correspond
o isomers of CGA. Considering the elution profile of CGA isomers
rom plant foods reported in the literature on C18 HPLC columns
Fang et al., 2002) and their UV spectra, compounds correspond-
ng to peaks 1 and 3 were identified as 3-O-caffeoylquinic acid
neo-CGA) and 4-O-caffeoylquinic acid (crypto-CGA), respectively.

Water extracts were prepared from various yerba mate mate-
ials. A high solvent volume/sample weight ratio was chosen in
rder to assure a complete and exhaustive extraction of water solu-
le compounds. Extraction procedure was repeated twice resulting

hat total amount of CGA plus its isomers in the second extract
as around 5 to 10% of the values obtained in the first extrac-

ion. A subsequent third extraction did not result in significant
GA values (lower than 1% compared with those of the first extrac-

Fig. 3. Representative HPLC chromatogram of a yerba mate extract. Signal at 326 nm.
tion). Therefore, our extraction procedure proved successful for the
determination of total CGA content in yerba mate derived materials.

Some authors reported the use of different solvents such as
alcohols (methanol, ethanol, isopropanol) as well as other organic
compounds (acetone, dimethylformamide) for CGA extraction from
different plant materials (Li et al., 2005; Naczk and Shahidi, 2004).
Nevertheless, it should be mentioned that the use of these sol-
vents could lead to distortion of the HPLC chromatographic peaks.
While these solvents have been used in order to obtain the maxi-
mum extraction of active constituents, the use of organic solvents
makes subsequent applications of these extracts in food and phar-
maceutical industries inconvenient and also produces toxic wastes,
thus being a severe pollution issue (Sonaglio et al., 2007). In addi-
tion, enzymatic hydrolysis of CGA to obtain quinate (the first step
in the bioconversion pathway above mentioned to produce shiki-
mate, ultimate objective of our investigation) is carried out under
aqueous conditions, thus confirming the convenience of preparing
CGA-water extracts.

Table 3 lists the concentration of the different CGA isomers indi-
vidually determined and the total CGA concentration (calculated as
the sum of all three isomers), for the three fractions of yerba mate
evaluated (leaves, stems and powder when corresponds). Samples
were obtained during the different processing steps at the early
harvesting season (April and May, 2014) from processing plants A
and B.

All the three CGA isomers quantified in the extracts prepared

from samples (leaves and stems) obtained from processing plant A
showed a quantitative variation during the processing steps. The
highest levels of each CGA isomer were found in the extracts pre-

 (1): neochlorogenic acid, (2): chlorogenic acid and (3): cryptochlorogenic acid.
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Fig. 4. Total CGA content (on a dry weight basis) in just harvested yerba mate sam-
ples (green leaves and stems) obtained from two  processing plants at the beginning
of  the harvesting season (April and May, 2014). Bars represent the media ± standard

deviation of two independent experiments carried out by triplicate. Different super-
scripts indicate significant difference (P < 0.05).

pared from green leaves and stems (samples H). During roasting,
a significant loss in neo-CGA and CGA occurred but not for crypto-
CGA. No significant differences were observed in the levels of the
three CGA isomers in leaves throughout roasting, pre-drying and
drying steps. In the case of stems, a significant reduction in CGA
isomers was observed after the drying step. In plant B, the content
of each CGA isomer in leaves was  almost constant throughout the
different processing steps, from the green yerba mate up to the final
product. There was  a small decrease in the content of neo-CGA iso-
mer  in stems since the roasting step until the end of the processing
whereas the variations observed in CGA and crypto-CGA contents
could well be due to uncertainty (Table 3).

Significant differences in the concentration of the different CGA
isomers as well as total CGA were observed when compared the
values obtained for plant A and B at equivalent processing steps
(Table 3). No significant differences for total-CGA were found
between green leaves and stems (P < 0.05) for samples taken from
the same processing plant (Fig. 4). On the contrary, substantial dif-
ferences were found when compared the results obtained in both
processing plants evidencing that the raw material processed in
Plant A had higher amounts of CGA than that of Plant B. This fact
was tentatively ascribed to variations in environmental conditions
and genetic variability of the plant material processed. It is known
that age of the tissue and exposition to light or shadow influence
the amount of bioactive substances in yerba mate tissues (Ashihara
and Crozier, 2001; Fernandez et al., 2002; Gulati and Ravindranath,
1996; Mazzafera, 1994).

While there have been several studies on the identification of
CGA and its isomeric compounds in yerba mate, there are not com-
prehensive studies on the total quantification of these substances
and their variation in different yerba mate derived materials. Total
CGA (all three isomers combined, on a dry weight basis) concen-
tration ranged from 45.8 ± 0.4 to 80.8 ± 1.0 g CGA kg−1 of leaves,
and from 31.6 ± 0.6 to 78.9 ± 5.3 g CGA kg−1 of stems irrespectively
from the processing plant (Table 3). Whichever the case, the high-

est CGA values were found in samples from green yerba mate. The
main loss in the concentration of all CGA isomers took place during
roasting, particularly in plant A.
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Table  4
Concentration of total CGA (neo-CGA + CGA + crypto-CGA) in green yerba mate sam-
ples (leaves and stems) obtained from two processing plants at early (April and May,
2014) and late (September 2014) harvesting seasons (mean ± SD; n = 3).

Processing plant Harvesting season Total CGA (g kg−1 dw)

Green leaves Green stems

A Early 80.8 ± 1.0a 78.9 ± 5.3a

Late 22.7 ± 1.7b 20.4 ± 1.2b

B Early 50.0 ± 2.3c 50.5 ± 1.8c
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application to enzymatic shikimate production. Bioscience, Biotechnology and
Late 21.5 ± 2.9 26.1 ± 0.7

ifferent superscripts indicate significant difference (P < 0.05).

The individual isomer distribution was different in green leaves
ompared with green stems. In green leaves, neo-CGA was the
redominant isomer (∼=40–44%) in samples from plants A and B
hereas crypto-CGA was the less abundant (∼=26%). Although, dif-
cult to compare due to differences in the yerba mate material
nalyzed, the predominance of neo-CGA is in accordance with
eports from Marques and Farah (2009). Regarding green stems,
he predominant isomer was CGA (∼=39–40%) being crypto-CGA the
ess abundant again (∼=26%) in samples from plants A and B.

Bastos et al. (2006) reported that CGA (as well as caffeine) con-
ent in infusions prepared with yerba mate leaves increased with
he processing steps of yerba mate, indicating that the use of dried
eaves for the production of yerba mate beverages would be more
dvantageous than the use of fresh ones. They postulated that
ell disruption and mechanical impact during the processing steps
ould increment the extraction yield from dried processed leaves.
imilarly, Isolabella et al. (2010), who have studied the variation
f bioactive compounds during yerba mate processing, reported an
ncrease in the total CGA content in yerba mate leaves after roast-
ng when compared with the green leaves, followed by a decrease
uring the drying process. These authors postulated that CGA is
rapped by caffeine and that the temperature and humidity con-
itions employed during roasting would release these compounds
esulting in an increase in their concentrations. On the contrary,
ur results indicate that green leaves and stems contain higher
oncentrations of CGA than industrialized materials. It should be
oted that green yerba mate materials are quite unstable to oxi-
ation (browning takes place soon after harvesting). In contrast,
rocessed yerba mate materials are already stabilized by heating
roasting) and CGA analysis can be carried out days after sam-
ling without a significant variation in the results. In our case,
reen yerba mate materials displaying even minor changes in their
olor (incipient browning) were discarded in order to ensure the
reshness of the material under analysis. Moreover, samples were
hermally treated to inhibit enzymatic activity within 12 h of har-
esting (transportation time was substantially reduced because our
aboratory is located in a yerba mate producing region). Therefore,
he original CGA content in green yerba mate samples was soon sta-
ilized, resulting in a convenient and advantageous raw material
or CGA extraction.

According to the previous results, it was decided to study the
nfluence of the developmental stage of yerba mate plant on total
GA content, particularly in green yerba mate materials. For this
urpose, a new set of samples taken during September 2014 (late
arvesting season) was analyzed. Total CGA content in both leaves
nd stems is strongly influenced by the harvesting season (Table 4).
amples taken at the late harvesting season showed a substantial
eduction in CGA content as compared with those taken at the early
arvesting season.

The growth of yerba mate tree is monopodial and rhythmic

Hallé et al., 1978), comprising two annual growth flushes, one in
pring (September to December) and another in autumn (March
o June) (Rakocevic et al., 2006). Among other factors, leaf matu-
edicinal and Aromatic Plants 3 (2016) 27–33

rity (or age) could influence CGA content because foliar growth is
between intermediate to full (i.e.: with leaves that completed their
foliar growth and others that not) from March to April, while in
September the harvest would have a greater proportion of new out-
breaks (Escalada et al., 2011). These authors also reported higher
total polyphenol content in yerba mate leaves obtained at the
beginning of the harvesting season in good agreement with our
results. Similarly, Da Croce (2002) reported a significant influence
of the harvesting season on the caffeine content in yerba mate
cultivated in Brazil. Chemical composition of Ilex species, as any
agricultural product, may  vary significantly with the type of soil,
climate, season, age of plant and leaves, sexual dimorphism and
genetic characteristics (Oliva et al., 2006). In conclusion, changes in
CGA content could be attributed to the plant developmental stage
(Silva and Rakocevic, 2010) as well as different climatic conditions
(temperature, humidity, solar intensity, etc.) and others uniden-
tified factors. Whichever the case, it was demonstrated that green
yerba mate materials (leaves and stems) harvested at the early sea-
son are the most convenient sources for CGA extraction due to their
higher CGA content in comparison with those harvested at the late
season.

4. Conclusions

Yerba mate samples obtained at different processing steps from
two companies were analyzed for CGA content. The highest CGA
content was found in green leaves and stems (just obtained after
harvesting) with no significant differences in their CGA content
(P < 0.05). A substantial loss in CGA was found during roasting. The
harvesting season had a significant influence on CGA content for
both yerba mate leaves and stems. CGA content at the early har-
vesting season was  substantially higher to that obtained at the end
of the harvesting season, for both green leaves and stems. It is note-
worthy that a substantial amount of green stems is discarded in the
processing of yerba mate. These results could provide a guideline
for the preparation of yerba mate extracts enriched in CGA from
one of the major and undervalued residues derived from the yerba
mate industry: the green stems obtained at early harvesting sea-
son. Studies on the optimization of water extraction of CGA from
green stems of yerba mate and its subsequent bioconversion into
quinate (and caffeate) are under development and results will be
published elsewhere.
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