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a  b  s  t  r  a  c  t

Results  of  chemical  analyses  and  immunological  studies  of two Coffea  arabica  instant  coffee  powders
obtained  by  freeze-dried  (ICPf)  and  spray-dried  (ICPs)  procedures,  and  arabinogalactan-protein  (AGP3)
obtained  from  ICPf  are  presented.  For  instant  coffee  powders  no  significant  differences  have  been  found
in  carbohydrate  (ICPf:  37%,  ICPs:  38%)  as  well  as  in  caffeine  (ICPf:  3.0%,  ICPs:  3.4%)  contents.  Their 1H
NMR  spectra  revealed  differences  in  trigonelline  and chlorogenic  acids  content  and  in  a  degree  of  AGP
backbone  substitution.  Immunobiological  tests  of  all samples  (ICPf,  ICPs,  AGP2  and  AGP3)  revealed  a
eywords:
offea arabica beans
nstant coffee powder
rabinogalactan-protein

mmunobiological activity
T-IR

significant  immunostimulatory  effect  on  induction  of  interleukin  2 and  free  radicals  secretion  by  mice
immunocytes.  Moreover,  tests  revealed  more  pronounced  effect  of  arabinogalactans  AGP2  and  AGP3
compared  to  instant  coffee  powders  (ICPf  and ICPs).

© 2013 Elsevier Ltd. All rights reserved.
MR

. Introduction

In addition to roasted coffee beans and roasted and ground
offee, soluble or instant coffee is a form of coffee available to
onsumers. This coffee product is appreciated thanks to its prac-
icity and cleaness in preparing beverages and to its long shelf life.
ccording to the European Coffee Report (2011/12), soluble coffee
xports and imports to and from non-European destinations rep-
esent currently around 41.0 and 41.2 thousand tons, respectively,
er year in Europe (European Coffee Report, 2011). World soluble
offee trade has been growing very rapidly since 2000, suggesting
n increase in consumption of this form of coffee, particularly in
merging markets (International Coffee Organization, 2013). Easy-
ess in the preparation of drinks ensured by soluble coffee is coun-
erbalanced by the poorness of aroma in the resulting beverages
f compared with those prepared by fresh roasted and ground cof-

ee. In the production of instant coffee, Coffea canephora (robusta)
s preferred due to its economical attractiveness and higher extrac-
ion yield, however, C. arabica is also used to ameliorate the flavor

∗ Corresponding author. Tel.: +421 2 59410209; fax: +421 2 59410 222.
E-mail address: chemcape@savba.sk (P. Capek).

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2013.12.068
and to make it more aromatic in the attempt to remedy the intrin-
sic lower aroma intensity of soluble coffee (Clarke & Macrae, 1987).
Coffee consumption is widespread throughout the world and it is
estimated that coffee brew is the second most largely consumed
beverage after water. This fact, is largely due not only to pleasant
organoleptic properties but also to positive physiological effects
and it is also associated with social habits and country cultures.

Coffee has been subjected to extensive scientific research in
order to ascertain its impact on human health (Illy & Viani, 2005).
Moderate coffee consumption shows links to a positive impact
being a large body of evidence in favor to benefits rather than to
risks associated to this habit (Chu, 2012). Although in the past cof-
fee has been considered just a flavorful caffeine aqueous solution
nowadays, in view of observed physiological effects which cannot
be related to the presence of caffeine only, the chemical complexity
of this beverage is emerging. In this regards, coffee has been found
to be an extremely rich dietary source of antioxidants (chlorogenic
acids, hydroxycinnamic acids, caffeine and Maillard reaction prod-
ucts, such as melanoidins) and it represents the main contributor

to the antioxidant capacity of the diet in many countries (Natella
& Scaccini, 2012; Torres & Farah, 2010). In addition to antioxidant
compounds, a number of studies report on coffee constituents
other than caffeine, characterized by interesting biological

dx.doi.org/10.1016/j.carbpol.2013.12.068
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2013.12.068&domain=pdf
mailto:chemcape@savba.sk
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ctivities. Such studies, however, have been aimed at investigating
ostly roasted coffee, being very scarce the reports focused to

oluble coffee (Alves, Mendes, Oliveira, & Casal, 2010; da Silveira,
avares, & Gloria, 2007; Oliveira et al., 2012) and more frequent
he inclusion of some instant coffee sample in investigations on
offee brews (Silva, Borges, Santos, & Alves, 2012).

Coffee brew also contains a significant amount of soluble dietary
ber (SDF), higher than other common beverages. This SDF is made
p of indigestible polysaccharides (with an appreciable amount
f associated polyphenolic antioxidants) (Niseteo, Komes, Belscak-
vitanivic, Horzic, & Budec, 2012). For this reason, among the coffee
ioactive compounds, attention has also been devoted to polysac-
harides. As major components of the dietary fiber isolated from
offee brews, type II arabinogalactans and galactomannans have
een shown to have beneficial biological activities due to rapid
ermentation in the human colon and thereby contributing to the
ntestine health (Gniechwitz, Reichardt, Blaut, Steinhart, & Bunzel,
007; Gniechwitz, Brueckel, et al., 2007; Reichardt, Gniechwitz,
teinhart, Bunzel, & Blaut, 2009). Beyond the prebiotic activity and
ietary fiber properties of coffee polysaccharides, isolated fractions
f type II arabinogalactan, arabinogalactan-proteins (AGPs) and
alactomannan showed another important biological attribute: the
mmunostimulatory activity. In particular, type II arabinogalactan
raction isolated from green coffee beans, enhanced proliferation of
plenocytes and peritoneal macrophages and activated production
f TH1-type cytokines, IL-12 and IFN-�. The same polymer tested
n vivo raised the level of IL-12 in mouse plasma (Gotoda et al.,
006) and it has been suggested that arabinogalactan from cof-
ee beans inhibits dermatitis sensitized with TNCB by enhancing
h1 responses, and that arabinogalactan treatment could provide
n effective activity for the allergic reactions (Furuya et al., 2008).
hese findings support previous studies on plant arabinogalactans
ioactivity. In facts, several potent immunomodulatory properties
f arabinogalactans were demonstrated with human and murine
acrophages and enhanced liberation of both pro-inflammatory

IL-1�, IL-1�, IL-6, IL-12 and TNF-a) and anti-inflammatory (IL-
0) cytokines was observed (Schepetkin & Quinn, 2006). Coffee
acetylated)-galactomannan fractions isolated from roasted and
round coffee infusions as well as coffee residue have been shown
o be capable to induce the in vitro expression of the surface lym-
hocyte activation marker CD69 on murine B (B220) and CD4+ and
D8+ T lymphocytes (Simoes et al., 2009). As far as soluble cof-
ee polysaccharides biological activity is concerned, antitussive and
mmunomodulating activities of instant coffee arabinogalactan-
rotein (AGP1), have been recently reported (Nosál’ová et al., 2011).

n particular, immunological tests have shown that AGP stimu-
ated the splenocytes’ secretion of TNF-�, IFN-� and IL-2 cytokines
Nosál’ová et al., 2011).

To become soluble, coffee undergoes a complex manufacture
rocess. The beans, after selection and possible blending, are
oasted, ground and subjected to successive percolation with water
t temperatures up to 180 ◦C under pressure. The aqueous extract is
hen concentrated and dried. Any step in the industrial process may
ffect not only the sensory properties of the final product (it is well
nown that working conditions aimed at increasing the process
ield are detrimental for the organoletic characteristics) but also
he molecular integrity of the coffee polysaccharides (Redgwell,
rovato, Curti, & Fischer, 2002). In spite of the wide range of pos-
ible industrial conditions which can be adopted to manufacture
oluble coffee, the final product is normally classified according to
he drying process. In particular this process can be carried out
ccording to two different technological processes: freeze- and

pray-drying, and then two types of instant coffee powders are
vailable nowadays on market: freeze- and spray-dried soluble cof-
ees. In addition to AGP isolated from freeze dried instant coffee
Nosál’ová et al., 2011) possible immunomodulating properties of
mers 103 (2014) 418– 426 419

degraded products and (acetylated)-galactomannan oligosaccha-
rides, formed during the instant coffee production process, cannot
be excluded a priori. In this regard, a different behavior of instant
coffee is also plausible depending on the last drying step in its man-
ufacturing process: freeze or spray-drying, being the latter more
degradative than the former.

In the present work, C. arabica freeze and spray-dried instant
coffee powders and arabinogalactan-proteins isolated from freeze-
dried instant coffee powder have been examined in term of
their molecular distribution patterns, carbohydrate and protein
contents, and their immunomodulating properties.

2. Materials and methods

2.1. Plant material

Coffea arabica blend for espresso coffee (100%) was dark
roasted (average roasting weight loss of 19%, w/w) and industri-
ally processed (grinding to particle size of 2.3–2.4 mm with 10%
particles less than 1 mm;  extracted at 150–180 ◦C; concentrated
under vacuum at 50 ◦C) and freeze dried to give a freeze-dried
instant coffee powder (ICPf). It was  further used for isolation of
arabinogalactan-protein (AGP3).

Same coffee blend but a different batch was dark roasted (aver-
age roasting weight loss of 16%, w/w)  and industrially processed
(grinding to particle size of 2.3–2.4 mm with 10% particles less than
1 mm;  extracted at 150–180 ◦C; concentrated under vacuum at
50 ◦C) and spray dried under conventional conditions without fur-
ther agglomeration step to give a spray-dried instant coffee powder
(ICPs).

Caffeine contents in soluble coffee products ICPf and ICPs were
determined according to ISO 20481:2008 method. Briefly: 1 g of
sample is placed in a 250 mL  flask, with 5 g of MgSO4 and filled with
Milli-Q water. After 20 min  of extraction at 90 ◦C the flask is lead up
to room temperature and after filtration an aliquot of 1 mL  solution
is analyzed via HPLC. A 1100 HPLC system (Agilent, Germany) was
used, consisting of degasser, quaternary pump, column thermostat
and diode array detector (DAD) operating at 272 nm. A XTerra MS
C18 column, 5 �m 150 mm × 4.60 mm (Waters, USA) and isocratic
elution (water/methanol 76/24, v/v) were used.

2.2. Isolation of arabinogalactan-protein

Arabinogalactan-protein (AGP3) isolation from the instant cof-
fee powder was  performed according the same procedure as those
of AGP1 and AGP2 isolates (Capek, Matulová, Navarini, & Suggi-
Liverani, 2009). The instant coffee powder (75 g) was dissolved in
water (750 mL), cooled to 4 ◦C and formic acid (40 mL of an 85%
solution) was  added, and the mixture was stirred overnight in a cool
room. It was centrifuged at room temperature and insoluble portion
was discarded. The supernatant was treated with five volumes of
96% ethanol. The light brown precipitate was removed by centrifu-
gation and the supernatant was discarded. The brown precipitated
material was  washed with ethanol and dissolved in distilled water,
and freeze-dried to yield a crude polysaccharide fraction A (19.8 g).

In the second step the crude polysaccharide fraction A (19.8 g)
was dissolved in 0.05 M sodium hydroxide (NaOH) solution
(170 mL)  and precipitated by saturated aqueous bariumhydroxide
solution (220 mL). The brown precipitate formed (a crude galac-
tomannan) was removed by centrifugation at room temperature
and the supernatant was  treated dropwise with 1.0 N sulfuric acid

until pH of 4 was  achieved. The slight precipitate formed was
removed by centrifugation at room temperature and discarded.
The supernatant was  slowly poured into five volumes of 96%
ethanol. A crude arabinogalactan precipitate was  removed by
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entrifugation and the supernatant was discarded. The precip-
tate was dissolved in distilled water (500 mL)  and applied on
he column (50 mm × 500 mm)  of Amberlite MB  150 (H+/OH–),
nd eluted with distilled water. The water eluent containing
arbohydrates was concentrated and freeze-dried to give the
rabinogalactan-protein (AGP3, yield 3.6 g, i.e. 4.8%).

.3. General methods

Solutions of carbohydrates were concentrated under dimin-
shed pressure at a bath temperature under 45 ◦C. Freeze-dried
amples were hydrolyzed with 2 M TFA at 120 ◦C for 1 h and
he quantitative determination of the neutral monosaccharides
as performed in the form of their trifluoroacetates (Shapira,

969) by gas chromatography on a Hewlett–Packard 5890 Series
I chromatograph using a PAS-1701 column (0.32 mm × 25 m)
t a temperature program of 110–125 ◦C (2 ◦C/min) to 165 ◦C
20 ◦C/min) and a flow rate of hydrogen 20 mL/min. The uronic
cids content was determined with the 3-hydroxybiphenyl reagent
Blumenkrantz & Asboe-Hansen, 1973). The carbohydrates con-
ent was determined by the phenol–sulphuric acid assay (Dubois,
illes, Hamilton, Rebers, & Smith, 1956). Elemental analysis was
erformed with EA 1108 apparatus (FISONS Instruments, East
rinstead, UK). Protein amount was calculated from the nitrogen
ontent (%N × 6.25) and by Bradford assay (Bradford, 1976).

Determination of molecular mass was performed with HPLC
himadzu apparatus (Vienna, Austria) equipped with a differen-
ial refractometer RID-6A and a UV–vis detector SPD-10AV using
he column HEMA-BIO 40 (8 mm × 250 mm)  of particle size 10 �m
Tessek, Prague, Czech Republic). Phosphate buffer (0.02 M)  of pH
.2 containing NaCl (0.1 M)  was used as a mobile phase at a flow rate
.8 mL/min. A set of dextran standards (Mw = 505, 4440, 20,500 and
2,900) was used for calibration of the column (Gearing Scientific,
olymer Lab., Hertfordshire, UK).

Fourier-transform infrared spectra (FT-IR) were obtained on a
ICOLET Magna 750 spectrometer with DTGS detector and OMNIC
.2 software, where 128 scans were recorded with 4 cm−1 resolu-
ion. Spectra of samples were measured in the form of KBr pellets
2 mg  of a sample/200 mg  of KBr).

For NMR  measurements, samples were freeze-dried from 95%
2O and dissolved in 99.98% D2O. NMR  spectra were measured
t 25 ◦C on Varian 600 MHz  UNITY INOVA 600 NB spectrometer,
quipped with 5 mm multinuclear probe with inverse detection
nd 5 mm 1H{13C, 15N}PFG Triple Res IDTG600-5 with z-gradients.
or both, 1H and 13C NMR  spectra, chemical shifts were referenced
o internal acetone (2.217 and 31.07, respectively) as a standard.
H 13C hetero-correlated HSQC spectra were measured with opti-
ization on one bond coupling constant of 143 Hz.

.4. Preparation, treatment and analysis of splenic cells. ELISPOT
ssay

Female Balb/c mice aged 8–12 weeks were obtained from
he breeding facility VELAZ, Prague (Czech Republic). In vitro
xperiments were conducted in compliance with GLP and OECD
uidelines, according to the ethical guidelines issued by the
esearch Base of Slovak Medical University, Institute of Preven-
ive and Clinical Medicine (Bratislava, Slovakia), under the approval
o. Ro 2939/09-221 of State veterinary and food administration of

he Slovak Republik. The animals were provided food and water ad
ibitum and maintained in hoods under laminar flow conditions.
pleens were removed under sterile condition and splenocytes

ere carefully washed out from spleens with complete RPMI-

640 (Sigma, Stockholm, Sweden) enriched with 10% fetal calf
erum and 2% PenStrep (Gibco, Berlin, Germany). Cell washing was
erformed by centrifugation (800 × g/5 min, 4 ◦C), cell pellet was
mers 103 (2014) 418– 426

adjusted by growth medium approximately to 4 × 106 cell/mL and
100 �L aliquots were specifically stimulated with 100 �g/mL of
arabinogalactans (AGP1, AGP2 and AGP3) and with ICPf (instant
coffee powder – freeze dried) and ICPs (instant coffee powder
– spray dried, concentrations 100 �g/mL) and plated in 24-well
tissue culture plates (Nunc, Denmark). As positive control, poly-
clonal T-cell activator Concanavalin A (Sigma, Stockholm, Sweden)
(10 �g/mL) was applied. The untreated cell suspension was used
in the same protocol as baseline. Plates were incubated in humid-
ified 37 ◦C CO2 incubator for 24 h. The viability of splenocytes was
determined using trypan blue dye exclusion method, before and
following the specific stimulation with arabinogalactan-proteins
and instant coffee powders. After then, 5 × 104 cells per well
were plated for the direct production and further enumeration
of interleukin 2 (IL-2) producing cells onto anti-mouse IL-2 pre-
coated PVDF backed microplate. Following steps and procedures
were according to manufacturer’s recommendation (Mouse IL-2
ELISPOT, BenderMedSystems, Austria). Quantitative evaluation of
spots and enumeration of IL-2 producing cells were performed via
KS ELISPOT 4.10 running under AxioVision software using Imager
A.1 Microscope (Zeiss, Germany).

To optimize the effective dose of immunogen, as a first step
the splenocyte stimulation with several concentrations of all tested
compounds has been performed. The concentration interval com-
prised the concentrations of AGP1, AGP2 and AGP3, and ICPf and
ICPs in the range from 10 �g/mL to 1000 �g/mL (Table 3).

2.5. Determination of free radicals

Spleen cell culture supernatants following arabinogalactans
(AGP1, AGP2 and AGP3) and with ICPf and ICPs treatment were
assayed for total content of free radicals (Free radicals kit; Sedium
R&D, Czech Republik). The assay is based on the ability of chloro-
phyllin to transfer electrons due to its electron-rich double-bonds
structure. The quantification of free radicals was assayed using a
calibration based on an Fe2+/Fe3+reactive shift and was expressed
as mmol  Fe2+/L. Free radical production of unstimulated spleen cells
was used to determine the baseline value.

2.6. Statistical analyses

Experimental results were calculated as means ± S.D. The
normality of distribution was  evaluated according to the Shapiro–
Wilk’s test at the 0.05 level of significance. Statistical comparisons
between experimental groups were performed using one-way
analysis of variance (ANOVA) and post hocBonferroni and Tukey
tests. The results were significant if the difference between the
analyzed groups equalled or exceeded the 95% confidence level
(P < 0.05). Statistics were performed with ORIGIN 7.5 PRO software
(OriginLab). Pearson’s correlation coefficient (R) was used to
compare the strength of the relationship between immunological
parameters.

3. Results and discussion

3.1. Characterization of instant coffee powders and
arabinogalactan-protein

Ripe C. arabica beans were industrially processed, i.e. roasted,
ground, extracted, concentrated and freeze-dried to give an instant
coffee powder (ICPf). Industrial process for manufacture of spray-

dried instant coffee powder (ICPs) from ripe C. arabica beans
included the same procedures excepting last one, i.e. spray
drying without further agglomeration step was used to final-
ize an instant coffee powder (ICPs). Chemical analyses of both
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Table  1
Characteristics of Coffea arabica freeze-dried (ICPf) and spray-dried (ICPs) instant coffee powders and arabinogalactan-proteins (AGP1, AGP2 and AGP3).

Compound Sugar content (wt%) Nitrogen content (wt%) Protein content (wt%) Mp  (kDa) Monosaccharide composition (wt%)

Rha Fuc Xyl Ara Man  Gal Glc

ICPf 37 3.03a 5.9b 65.7; 5.4 1.0 0.1 0.6 9.7 40.2 46.7 1.7
ICPs  38 3.21a 6.3b 49.0; 3.0 1.5 0.1 0.5 14.3 33.7 48.2 1.7
AGP1c 84 0.25 1.6 5.4 tr. tr. tr. 8.2 2.7 85.0 1.4
AGP2c 82 0.27 1.7 5.2 tr. tr. tr. 8.3 2.9 85.2 1.2
AGP3  90 0.37 2.3 8.7 2.4 tr. tr. 7.5 14.3 72.6 3.1

a Nitrogen content derived from protein and caffeine estimated by elemental analysis.
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b Estimated by Bradford assay, tr. – traces.
c Capek et al. (2009).

ommercial instant coffee powders revealed 37% and 38% of carbo-
ydrates in ICPf and ICPs, respectively. No significant differences in
arbohydrate contents in soluble coffee products were determined,
lthough different industrial processes for their manufacture were
sed. Similarly, estimation of caffeine contents in both soluble
offee products did not reveal significant differences. In ICPf was
etermined 29.8 mg  (∼3.0%) and in ICPs 33.5 mg  (∼3.4%) of caffeine
er g of soluble coffee products. Compositional analyses of ICPf and

CPs products revealed some differences in their sugar composi-
ions (Table 1). As can be seen from Table 1, ICPf contained a higher

annose (Man) and lower arabinose (Ara) contents in compari-
on with that of ICPs. Besides, in ICPf product was found a higher
al/Ara ratio (4.8:1) compared to that of ICPs (3.4:1). These find-

ngs are consistent with the different degree of roast of the two
rocessed roasted coffees, even if both may  be considered in the
dark” range of roasting degree. In facts, in view of the average
ater content of the processed green coffee, the organic weight loss

f the roasted coffee used to produce ICPf (10%, w/w) is higher then
hat used to produce ICPs (8%, w/w). HPLC measurements showed
imilar molecular mass distribution patterns of both coffee prod-
cts, although different industrial procedures for their manufacture
ere used (Fig. 1). From freeze-dried instant coffee powder (ICPf)

he arabinogalactan-protein (AGP3) has been isolated according the
olfrom procedure (Wolfrom & Anderson, 1967) with some mod-

fications (Capek et al., 2009). AGP3 was recovered in 4.8% yield
n a starting ICPf material. Sugar compositional analysis of AGP3
Table 1) showed lower arabinose and galactose content, however,

uch higher mannose content compared to those of AGP1 and

GP2 isolates, already described (Capek et al., 2009). Besides, AGP3
howed a higher molecular mass and higher degree of polydisper-
ity compared to those of AGP1 and AGP2 isolates (Table 1, Fig. 1).

ig. 1. HPLC molecular mass distribution patterns of Coffea arabica freeze-dried
ICPf) and spray-dried (ICPs) instant coffee powders, and arabinogalactan-proteins

 AGP1, AGP2 and AGP3 (Capek et al., 2009).
FT-IR spectra (1900–650 cm−1) of C. arabica freeze-dried (ICPf)
and spray-dried (ICPs) instant coffee powders and arabinogalactan-
proteins are displayed in Fig. 2. In both soluble coffee products ICPf
and ICPs only slight differences in FT-IR patterns were observed
indicating thus their structural resemblance. Bands due to car-
bohydrates observed at 1147, 1119, 1072 and 1036 cm−1 derived
from two  dominant polysaccharide components occurring in sol-
uble coffee products, i.e. arabinogalactans and galactomannan
(Kačuráková, Capek, Sasinkova, Wellner, & Ebringerova, 2000). In
the anomeric region bands at 889 and 870 cm−1 are character-
istic for �-type of glycosidic linkages in galactopyranosyl (AGP)
and mannopyranosyl (GM) backbones, respectively. Low intensity
bands at around 1769 cm−1 can be assigned to esters or lactones
occurring in both soluble coffee products (Lyman, Benck, Dell,
Merle, & Murray-Wijelath, 2003). Intensive absorption bands at
1701 and 1653 cm−1 were assigned to C O stretching vibrations,
and C C and C N stretching ones of caffeine, respectively. More-
over, several low intensive bands due to the presence of caffeine in
the region of 1452–1242 cm−1 could be observed (Singh, Wechter,
Hu, & Lafontaine, 1998). Usually in the region of 1650–1550 cm−1

stretching vibrations of peptide bonds �(C O) and bending vibra-
tions of (N H) groups known as Amide I and Amide II, respectively,
can be observed (Arrondo, Muga, Castresana, & Goñi, 1993). Charac-
teristic bands derived from deprotonized carboxylic groups (COO−)
of various phenolic compounds, collectively known as chloro-
genic acids (esters of hydroxycinnamic acids and quinic acid) or
melanoidins, can be clearly distinguishable at 1603 and 1408 cm−1.
The presence of phenolics can be recognized by characteristic bands
appearing at 1517 cm−1 (C C) and at 1242 cm−1 (phenyl OH)
(Gunzler & Gremlich, 2002).

FT-IR spectrum of arabinogalactan-protein (AGP3) isolated from
freeze-dried instant coffee powder showed similar pattern as those
of AGP1 and AGP2 already described (Capek et al., 2009), and
indicated thus their structural resemblance (Fig. 2). In the spec-
tral region of 1900–650 cm−1 only dominant bands at 1072 and
1036 cm−1 due to arabinogalactan moieties (Type II) were observed
(Kačuráková et al., 2000). Besides, low intensity peaks at the
wavenumber of 889 cm−1 indicated �-type of glycosidic linkages
in galactopyranosyl backbone of coffee AGPs.

1H NMR  spectra of Coffea arabica freeze-dried (ICPf) and spray-
dried (ICPs) instant coffee powders and arabinogalactan-proteins –
AGP1, AGP2 and AGP3 are shown in Fig. 3.

Structural features of AGP1 and AGP2 isolates have been com-
pared in our previous study (Capek et al., 2009;Capek, Matulová,
Navarini, & Suggi-Liverani, 2010). In the 1H NMR  spectrum of AGP3
characteristic H1 anomeric signals of sugar residues could be iden-
tified: internal 1,3-linked �Gal of the backbone at ı 4.69; terminal
�Gal linked to O3 of the neighboring Gal unit at ı 4.62; reduc-

ing end 3-linked �Gal at ı 4.63; internal 1,6-linked �Gal at ı 4.45
and of terminal �Gal residue at ı 4.43. Signals due to 1,3,6-linked
�Gal residues were found to be downfield shifted to ı 4.48. Two
H1 signals due to �-arabinofuranosyl (�Araf) residues have been
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ig. 2. FT-IR spectra of Coffea arabica freeze-dried (ICPf) and spray-dried (ICPs) inst
009).

dentified: at ı 5.24 due to a terminal Araf unit linked to O3 of �Gal
nd at ı 5.09 which could be assigned to 1,5-linked �Araf linked
o C5 of neighboring Araf (Redgwell & Fischer, 2006) or �Araf units
inked to O6 of �Gal of the side chain (Delgado, Vignoli, Siika-aho,

 Franco, 2008). The latter type of linkage was confirmed by analy-
is of oligomers issued from an enzymatic hydrolysis of the AGP
olymer (Matulová, Capek, Kaneko, Navarini, & Liverani, 2011).

ntensity of H1 anomeric signals in 1H NMR  spectra of AGP3 iso-
ate (Fig. 2) varied from those of AGP1 and AGP2, suggesting thus
ifferences in �Gal substitution and Araf content (Table 2).

Intensities of H1 anomeric signals in 1H NMR spectra reflect
ifferent type of linkages of sugars in tested samples. Relative

ntensities of �Gal H1 signals in AGP1-3 revealed differences in
he degree of substitution of oligosaccharides as well as arabinose
ontent. The highest intensity of 1,3-�Galint signal was  found in
GP1. This fact indicated that oligosaccharides present in this iso-

ate have had the lowest degree of the substitution. The intensities
f �Gal signals present in side chains (1,6-�Gal and branched 1,3,6-
Gal) in AGP1 were the lowest, they were higher in AGP2 and

he highest in AGP3. This observation was in accordance with an
ncreasing intensity of �Araf residue signals observed at ı 5.24 and
.09 ppm. Moreover, the presence of branched 1,3,6-�Gal units sig-
al (ı 4.50 ppm) with increasing intensity from AGP1 to AGP2 and
GP3 confirmed that in AGP3 oligosaccharides with the highest
egree of substitution are present. In arabinogalactans the back-
one could be substituted mostly by �Gal of 1,6-linked �Gal side
hains, while side chains �Gal units are substituted by both, Araf
nd �Gal (Redgwell & Fischer, 2006). Intensity of �Araf and 1,3,6-
Gal signals suggest that in AGP3 oligosaccharides with shorter
ackbone are highly substituted by longer sidechains. The degree

f substitution deceased in AGP2 and was the lowest in AGP1.

1H NMR  spectra of instant coffee powders ICPf and ICPs have
een more complex. Signals due to anomeric protons of arabino-
alactan moiety have been partially overlapped by other signals

able 2
ontent of �Gal and Araf in different linkage types in AGP1-3 isolates based on anomeric

Isolate Content of sugar (mol%)

Araf (ı 5.09, 5.24) 1,3-�Galint (ı 4.69) �Galre

AGP1 9 46 13 

AGP2  9 37 13 

AGP3  12 27 12 

ed, inter and term – reducing, internal and terminal �Gal units, respectively.
ffee powders, and arabinogalactan-proteins – AGP1, AGP2 and AGP3 (Capek et al.,

(Fig. 3). However, the intensity of the 1,3-linked �Gal signal in
the ICPs spectrum suggest their slightly higher content in the AGP
backbone in comparison with ICPf. Overlapped signals due to sub-
stituted 1,3,6-�Gal units are large in both spectra, ICPf and ICPs
giving thus an evidence about a high degree of AGP  substitution. In
both spectra also signals due to trigonelline (T), caffeine (C), chloro-
genic acids (ChA), mannan composed of 1,4-�-Man residues (M),
N-methyl-pyridinium (Me), choline (Ch) (Wei  et al., 2012) could
be identified. 1H NMR  spectrum of ICPs showed higher content of
trigonelline and chlorogenic acids.

3.2. Immunobiological effects of instant coffee powders and their
arabinogalactan-proteins

It is evident that coffee is nowadays one of the most popu-
lar beverages due to its typical aroma and stimulating effect on
organism. Coffee became a part of our food chain due to its every
day consumption. Results of chemical and spectroscopic analy-
ses on soluble coffee products – ICPf and ICPs, and ICPf-derived
arabinogalactan-proteins – AGP1, AGP2 and AGP3 revealed small
differences in their monosaccharide composition, molecular mass,
and in FT-IR and NMR  spectral patterns. These slight structural
differences could have some impact on their immunomodulating
activities. It has been found that C. arabica AGP1 affected some
mediators of immunocompetent cells of immune system as tumor
necrosis factor � (TNF-�),  interleukin 2 (IL-2) and interferon � (IFN-
�) cytokines (Nosál’ová et al., 2011). To get more information about
possible immunobiological effects of soluble coffee products and
their arabinogalactan-protein components, IL-2 induction in mice
splenocytes was  followed up using previously optimized activa-

tion protocol for detection of polysaccharide specific IL-2 secreting
T-cells (Nosál’ová et al., 2011; Paulovicova et al., 2013). The applied
concentration of 100 �g/mL of AGP2, AGP3, ICPs and ICPf formula-
tions in indirect ELISPOT assay with 24 h pre-incubation activation

 signal intensities in 1H NMR  spectra.

d, term (ı 4.63) 1,3,6-�Gal (ı 4.48) 1,6-�Gal (ı 4.45–4.43)

12 20
19 22
21 28
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ig. 3. 1H NMR spectra of ICPf and ICPs and AGP1, AGP2 and AGP3 isolates. T – trigo
yridinium, Ch – choline, 1,3G – 1,3-linked �Gal internal, terminal and reducing un

tep, was selected, based on the results reached with concentration

nterval from 10 to 1000 �g/mL (Table 3).

Evaluation of instant coffee powders (ICPf and ICPs) and
rabinogalactan-proteins (AGP2 and AGP3) induced IL-2 secre-
ion following 24 h treatment of splenocytes revealed the maximal
e, C – caffeine, ChA – chlorogenic acids, M – mannan (1,4-�-Man), Me – N-methyl-
3,6G – 1,3,6-linked �Gal and 1,6G – 1,6-linked �Gal, F – formic acid.

stimulated increase with AGP2 (3.05 times) (P < 0.001) and AGP 3

(2.59 times) (P < 0.01) in comparison with untreated splenocytes
(Fig. 4). Previously published results on IL-2 induced secretion fol-
lowing AGP1 treatment revealed 5.75 times increase compared
with unstimulated splenocytes (Nosál’ová et al., 2011). Both coffee
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Table 3
Concentration-dependent release of IL-2 by splenocytes arabinogalactan-proteins’
(AGP2 and AGP3) and freeze/spray-dried instant coffee powders’ (ICPf/ICPs) acti-
vated. Determination of frequency of IL-2 secreting cells (spot forming cells, SFC)
among Balb/c mice splenocytes treated with 10, 100 and 1000 �g/mL of AGP2, AGP3,
ICPf  and ICPs. The results of two independent parallel measurements are expressed
as  average ± S.D.

Compounds Concentration (�g/mL) Number of SFC (average ± S.D.)

AGP2 10 104.3 ± 9.2
102 135.2 ± 15.4
103 125.7 ± 21.8

AGP3 10 53.6 ± 14.6
102 113.0 ± 18.3
103 75.2 ± 8.1

ICPf 10 83.7 ± 11.4
102 93.0 ± 14.0
103 90.5 ± 5.8

ICPs 10 86.1 ± 9.4

p
a
b
w
a
A
f
A
i

A
a
i
A
r
o
a

F
m
A
c
i
m
*
e
P

102 96.5 ± 10.7
103 90.3 ± 15.5

owders (ICPf and ICPs) were significantly less immunologically
ctive than AGP-proteins (P < 0.01), the IL-2 producing cell count
eing 2.13 times with ICPf and 2.22 times with ICPs in comparison
ith unstimulated splenocytes (Fig. 4). Evidently, following 24 h-

ctivation period, the frequencies of IL-2 secreting cells induced by
GP2, AGP3, ICPs, and ICPf reflected the specific response, since the

requency of spot forming cells (SFC) detected in presence of AGP 2,
GP3, ICPf and ICPs is at least two times frequency of SFC detected

n the absence of antigen (Kalyuzhny, 2005).
AGP1 and AGP2 showed very similar sugar composition while

GP3 slightly differed from them in higher mannose content
nd higher molecular mass (Table 1). The observed difference of
mmunobiological efficacy of both coffee powders with those of
GP1 (Nosál’ová et al., 2011), AGP2 and AGP3 is reasonable with

espect to total amount of arabinogalactan-proteins. Total amount
f carbohydrates in ICPf represented 37% and in ICPs 38% and
bout one third of that amount corresponded to AGPs (Capek et al.,
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ig. 4. Enumeration of IL-2 secreting cells (spot forming cells, SFC) among Balb/c
ice  splenocytes treated with 100 �g/mL of arabinogalactan-proteins (AGP2 and
GP3), instant coffee powders – freeze dried (ICPf) and spray dried (ICPs), and Con-
anavalin A (Con A). Experimental data groups were compared with untreated cells,
.e. baseline IL-2 cell secretion. The results of two independent parallel measure-

ents are expressed as mean ± S.D. Levels of significance were expressed as follows:
**P  < 0,001, **P  < 0.01, *P < 0.05. Experimental data sets comparison with ConA lev-
ls: ###P < 0.001, ##P < 0.01, #P < 0.05. Differences were considered significant where

 < 0.05.
mers 103 (2014) 418– 426

2009). Slightly increased amount of interleukin-2 (IL-2) producing
cells (1.04 times) with ICPs in comparison with ICPf suggests
the structure-immunomodulation interactivities due to different
composition of coffee powders (Table 1).

Interleukin-2, is a TH1-cell-derived lymphoid cell growth factor
which is produced in a response to antigenic or mitogenic stimuli
and exerts its biological activity to promote the continuous prolif-
eration and maturation of additional T-cells. Additionally, IL-2 has
been found to be important in the regulation of growth and differ-
entiation of B-cells, natural killer cells, glioma cells, and cells of the
monocyte lineage after specifically interacting with its receptors.
Generally, IL-2 has pivotal role in the generation and regulation
of the immune responses (Gómez, García-Domingo, Martínez, &
Rebollo, 1997; Smith, 1988). IL-2 has multiple, sometimes oppos-
ing functions during an inflammatory response. IL-2 contributes to
both the induction and the termination of inflammatory immune
responses (Hoyer, Dooms, Barron, & Abbas, 2008). The participa-
tion of IL-12p40 cytokine and TH1cytokine IFN-� in cell response
to coffee bean AGPs in mice splenocytes and bone marrow-derived
dendritic cells was  revealed (Gotoda et al., 2006). IL-12p40 builds
heterodimers with IL-12p35 (as IL-12 p70) and induces the polar-
ization toward TH1-cells, as IL-12p70 is an essential inducer of the
differentiation of T cells toward a TH1 phenotype. Moreover, they
also observed the proliferation of macrophage and splenocyte in
the presence of AGP from coffee beans. (Gotoda et al., 2006).

The effect of AGP from coffee beans was  investigated on allergic
dermatitis-like skin in mice, suggesting that AGP inhibits der-
matitis in mice sensitized with 2, 4, 6-trinitrochlorobenzene by
enhancing TH1 responses. Thus, AGP treatment could provide an
effective activity for the allergic reactions (Furuya et al., 2008).
The 4.06 times increase of IFN-� following the AGP1 treatment
(100 �g/mL) vs non-stimulated control has been observed in pre-
vious our study with AGP1 (Nosál’ová et al., 2011). Evidently, based
on the induced secretion of IFN-� by AGP1-activated splenocytes,
the coffee AGP1 reflected the pro-TH1character. Our experiments
on liberation of IL-2, accompanied by direct counting of spleno-
cytes producing IL-2 cytokine from mice immunocytes exposed
to AGP2, AGP3, ICPf and ICPs also supported proposed TH1 polar-
ization by arabinogalactan-proteins from coffee beans. Observed
lower counts of immunocytes secreting IL-2 after ICPf and ICPs
treatment compared to those of AGP1 (Nosál’ová et al., 2011), AGP2,
and AGP3 suggested the role of next immunomodulatory compo-
nents in instant coffee possibly with blocking/suppressive effect on
overall IL-2 secretion, e.g. caffeine. Caffeine has been reported to
reduce IL-2 secretion. The significantly increasing IL-2 suppression
following in vitro coffee treatment in accordance with increasing
coffee concentration was observed (He, Noda, & Sugiyama, 2001;
Ohta, Lukashev, Jackson, Fredholm, & Sitkovsky, 2007). Thus, the
caffeine in coffee might contribute to the suppression of splenocyte
proliferation through a decrease in IL-2 secretion (Goto, Takano-
Ishikawa, & Shinmoto, 2011). Moreover, coffee directly applied to
naïve mouse splenocytes induced TH1 polarization based on secre-
tion of antigen-specific IFN� and IL-2 levels over the secretion of
pro-TH2 IL4 and IL-5 cytokines (Goto et al., 2011).

Free radicals liberation (Fig. 5) after co-cultivation of spleno-
cytes with AGP1 was  significantly higher (P < 0.001), than after
co-cultivation of splenocytes with AGP2 and AGP3 (P < 0.01 and
P < 0.05, respectively). Free radicals maximal stimulated increase
(3.6 and 1.4 times) was  revealed with AGP1 treated immunocytes
compared to untreated cells and Concanavalin A treated. AGP2 and
AGP3 treatment induced free radicals liberation to lesser degree
compared with untreated cells, i.e. 2.8 and 2.5 times, respectively,

than observed with the AGP1 treatment. Splenocytes’ treatment
with ICPf and ICPs resulted in decreased production (P < 0.05) of free
radicals in comparison with those of AGP1-3. ICPs induced slightly
more (1.04 times) free radicals release from splenocytes compared
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ls: ###P < 0.001, ##P < 0.01, #P < 0.05. Differences were considered significant where
 < 0.05.

o ICPf. This event could be explained by decreased immunobio-
ogical potency of ICPf, presumably because of lower AGP content
n instant coffee comparing with pure AGP1-3. To compare the
trength of the relationship between immunological parameters
ollowing splenocytes’ activation by co-cultivation with AGP1,
GP2, AGP3, ICPf and ICPs Pearson’s correlation coefficient was
sed. Statistically significant correlation (R = 0.94152, P = 0.032)
evealed the tight relationship and interreactivity between free
adicals liberation and IL-2 secretion following mice splenocytes
ctivation.

Free radicals are produced in mammalian cells in a response
o the activation of diverse cell surface receptors (Rhee, Chang,
ae, Lee, & Kang, 2003). Free radicals participate in host defence
iological activities. The generation of free radicals plays impor-
ant physiological roles in anti-microbial defence as well as in
ro-inflammatory cell-signaling (Forman & Torres, 2001; Droge,
002). It has been proposed that redox signaling plays an important
ole in the regulation of inflammatory responses. Activation of the
ADPH oxidase pathway initiates an intracellular reactive oxygen

pecies signaling pathway that amplifies the production of pro-
nflammatory cytokines (Forman & Torres, 2002). Arabinogalactans
xtracted from higher plants had potent immunomodulatory prop-
rties for human and murine immunocytes, as demonstrated by the
nduction of iNOS expression and NO production, priming of free
adicals and ROS production (Schepetkin & Quinn, 2006).

The close correlation between immunobiological effectiveness
f AGP1 (Nosál’ová et al., 2011), AGP2, AGP3, ICPf and ICPs
reatment of immunocytes and carbohydrate composition was sup-
orted by 1H NMR  spectra. It was shown that AGP1 induced the
ighest levels of IL-2 (Nosál’ová et al., 2011) and free radicals.
he 1H NMR  spectrum of AGP1 has shown the highest content of
on-substituted internal 1,3-linked �Gal units of the polymer back-
one. 1H NMR  spectra revealed that ICPs, which showed enhanced

mmunobiological activities in comparison with ICPf, contained
ore internal 1,3-linked �Gal residues. Obtained results suggest

hat the immune responsiveness of immunocytes might depend

n the content of internal 1,3-linked �Gal in AGP1, AGP2, AGP3,
CPf and ICPs. Similar effect on the immunological activity of fun-
al mannans and glucans was associated to the localization and
mers 103 (2014) 418– 426 425

frequency of �-1,3-linked mannose units (Iorio et al., 2008). More-
over, the diagnostic significance of �-1,3-linked mannosyl units
as S. cerevisiae and C. albicans epitopes in Crohn disease has been
previously stressed (Standaert-Vitse et al., 2006).

4. Conclusion

Coffea arabica is one of the most spread species used for cultiva-
tion of coffee beans and manufacture of coffee products. Chemical
analysis of its freeze and spray-dried coffee instant products did
not show significant differences in their chemical composition.
Slight differences have been found by 1H NMR  spectra, which
reside mainly in the AGP backbone substitution, in trigonelline and
chlorogenic acids content. Chemical and spectroscopic analysis of
AGP3 isolate revealed some differences in the backbone, side chains
substitution, sugar composition and molecular mass in comparison
with those of AGP1 and AGP2 (Capek et al., 2009). Immunobiolog-
ical studies on instant coffee products (ICPs and ICPf) and AGP2
and AGP3 isolates have shown that they possess immunomod-
ulatory properties, i.e. they effectively stimulated immunocytes,
enhanced beneficial pro-TH1 cell immune responses and ROS liber-
ation, engaged in cell proliferation and host anti-microbe immune
responses. Results of immunological tests have shown more pro-
nounced effect of arabinogalactan-proteins in comparison with
those of instant coffee products. They suggest that arabinogalactan-
proteins are one of the main contributors of immunological activity
of instant coffee powders. Obtained results contribute to broaden-
ing of knowledge concerning immunobiological effect of soluble
coffee products and their AGP components.
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the  structure of proteins in solution by Fourier-transform infrared spectroscopy.
Progress in Biophysics and Molecular Biology, 59,  23–56.

Bradford, M.  M. (1976). Rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding.
Analytical Biochemistry, 72, 248–254.

Blumenkrantz, N., & Asboe-Hansen, O. (1973). A new method for quantitative deter-
mination of uronic acid. Analytical Biochemistry, 54,  484–489.

Capek, P., Matulová, M.,  Navarini, L., & Suggi-Liverani, F. (2009). A comparative study
of  arabinogalactan-protein isolates from instant coffee powder of Coffea arabica
beans. Journal of Food and Nutrition Research, 48,  80–86.

Capek, P., Matulová, M.,  Navarini, L., & Suggi-Liverani, F. (2010). Structural features of
an arabinogalactan-protein isolated from instant coffee powder of Coffea arabica
beans. Carbohydrate Polymers, 80,  180–185.

Chu, Y. F. (Ed.). (2012). Coffee: Emerging health effects and disease prevention. Oxford,
UK: Wiley-Blackwell.

Clarke, R. J., & Macrae, R. (1987). . Instant coffee: Technology (Vol. 2) London: Elsevier
Applied Science.

da Silveira, T. M.  L., Tavares, E., & Gloria, M.  B. A. (2007). Profile and levels of bioactive
amines in instant coffee. Journal of Food Composition and Analysis, 20,  451–457.

Delgado, P. A., Vignoli, J. A., Siika-aho, M.,  & Franco, T. T. (2008). Sediments in coffee
extracts: Composition and control by enzymatic hydrolysis. Food Chemistry, 110,
168–176.

Droge, W.  (2002). Free radicals in the physiological control of cell function. Physio-
Dubois, M.,  Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F. (1956). Colori-
metric method for determination of sugars and related substances. Analytical
Biochemistry,  28,  350–356.

European Coffee Report. (2011/12). European Coffee Federation. The Netherlands.

http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0005
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0010
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0015
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0020
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0025
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0030
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0035
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0040
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0045
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0050
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0060
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065
http://refhub.elsevier.com/S0144-8617(13)01283-6/sbref0065


4 e Poly

F

F

G

G

G

G

G

G

H

H

I

I

I

K

K

L

M

N

N

26 P. Capek et al. / Carbohydrat

orman, H. J., & Torres, M.  (2002). Reactive oxygen species and cell signaling. Respi-
ratory burst in macrophage signaling. American Journal of Respiratory and Critical
Care  Medicine, 166, 4–8.

uruya, K., Iwai, K., Gotoda-Nishimura, N., Fukunaga, T., Kimura, R., Nakagiri, O.,
et  al. (2008). The effect of Arabinogalactan from coffee beans in an allergic
mouse model. In Proceedings of the 22nd international conference on coffee science,
Campinas (Brazil) ASIC, France, (pp. 179–183).

niechwitz, D., Reichardt, N., Blaut, M.,  Steinhart, H., & Bunzel, M.  (2007). Dietary
fiber from coffee beverage: Degradation by human fecal microbiota. Journal of
Agricultural and Food Chemistry,  55,  6989–6996.

niechwitz, D., Brueckel, B., Reichardt, N., Blaut, M.,  Steinhart, H., & Bunzel, M.
(2007). Coffee dietary fiber contents and structural characteristics as influenced
by coffee type, technological and brewing procedures. Journal of Agricultural and
Food Chemistry,  55,  11027–11034.

ómez, J., García-Domingo, D., Martínez, A. C., & Rebollo, A. (1997). Role of NF-
kappaB in the control of apoptotic and proliferative responses in IL-2-responsive
T  cells. Frontiers in Bioscience,  2, 49–60.

otoda, N., Iwai, K., Furuya, K., Ueda, T., Fukunaga, T., Kimura, R., et al. (2006).
Arabinogalactan isolated from coffee beans indicates immunomodulating prop-
erties. In Proceedings of the 21st international conference on coffee science
Montpellier ASIC, France, (pp. 116–120).

unzler, H., & Gremlich, H. U. (2002). IR spectroscopy. Weinheim: Wiley-VCH Verlag
GmbH.

oto, M.,  Takano-Ishikawa, Y., & Shinmoto, H. (2011). An in-vitro effect of coffee on
the antigen specific immune responses of naïve splenocytes. Bioscience, Biotech-
nology, and Biochemistry, 75,  393–395.

e, P., Noda, Y., & Sugiyama, K. (2001). Nutrient interactions and toxicity green
eea suppresses lipopolysaccharide-induced liver injury in d-galactosamine-
sensitized rats. Journal of Nutrition, 131, 1560–1567.

oyer, K. K., Dooms, H., Barron, L., & Abbas, A. K. (2008). Interleukin-2 in the develop-
ment and control of inflammatory disease. Immunological Reviews, 226, 19–28.

lly, A., & Viani, R. (2005). Espresso coffee (second edition). London, UK: Elsevier
Academic Press.

nternational Coffee Organization. (2013). World trade of soluble coffee, London, UK,
March.

orio, E., Torosantucci, A., Bromuro, C., Chiani, P., Ferretti, A., Giannini, M.,  et al. (2008).
Candida albicans cell wall comprises a branched beta-d-(1,6)-glucan with beta-
d-(1,3)-side chains. Carbohydrate Research, 343(6), 1050–1061.
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