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Immunostimulatory properties of coffee mannans
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Coffee infusion mannans are acetylated polysaccharides containing single Galp and Araf residues as
side chains of a B-(1 —>4)-Manp backbone. These mannans are structurally similar to the bioactive
acetylated mannans from Aloe vera (AV). In this study, acetylated mannans were obtained from two
coffee infusions prepared from light and dark roasted beans. These samples were tested for their
immunostimulatory activity and compared with an extract of AV mannan and with locust bean gum
(LBG) galactomannans. The coffee samples, as well as the AV extract, stimulated murine B- and T-
lymphocytes, as evaluated by the in vitro expression of the surface lymphocyte activation marker
CD69, more marked on B- than on T-lymphocytes. In coffee samples, contrarily to the AV, no prolif-
erative effect was noticed. LBG sample did not show any immunostimulatory activity. Because the
material that remains in the residue of the hot water extraction was still very rich in mannans, a
sequential extraction was performed and a main fraction was recovered with a 4 M NaOH solution.
Because this material was insoluble in water, a partial acetylation was performed. These polysacchar-
ides also showed immunostimulatory activity, opening the possibility of exploitation of coffee infu-
sion and coffee residue as sources of bioactive polysaccharides.
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1 Introduction

Polysaccharides account for ~29% of roasted coffee infu-
sions high molecular weight material. Depending on the
origin of the coffee, the amount of polysaccharides in coffee
infusions can vary, e.g., Arabica coffee infusions contain
higher amount of polysaccharides than Robusta [1, 2]. Cof-
fee infusion polysaccharides are composed mainly by gal-
actomannans and type II arabinogalactans. Galacto-
mannans account, on average, for 68% of coffee infusion
polysaccharides. However, different amounts of galacto-
mannans can be extracted with hot water, depending of the
origin of the coffee as well as their degree of roast. Arabica
coffee infusions contain higher amount of galactomannans
(62—80%) than Robusta (44—67%) and the amount of gal-
actomannans in solution increases with the roasting of the
coffee [1-3]. Besides the important functional properties
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that the polysaccharides confer to the coffee infusions, they
are involved in the retention of coffee volatile substances
and contribute to the brew viscosity and, thus, to the ‘body’
of the drink, i.e., the creamy sensation perceived in the
mouth [4]. They are also involved in the foam stability of
espresso coffee, an important quality attribute of this coffee
brew [5, 6]. Recently, they have been shown to have benefi-
cial biological activities, namely, undergoing rapid fermen-
tation in the human colon and thereby contributing to the
physiological effects generally associated with fibre fer-
mentation [7—9].

In a recent study, it was possible to isolate and purify
from roasted coffee infusions a fraction that can be classi-
fied as minimally degraded or transformed galacto-
mannans. Structural characterisation of these galacto-
mannans allowed to assign new structural features [10, 11].
The galactomannans present in coffee infusions are acety-
lated and contain single arabinose residues as side chains
attached at O-6 to the B-(1 —4)-linked mannose residues in
the backbone [10, 11]. These acetylated arabinogalacto-
mannans are structurally similar to the bioactive acetylated
mannans of Aloe vera (AV)[12]. The acetylated mannans
extracted from AV have been shown to have several benefi-
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cial biological activities such as the decrease of cholesterol
levels in mammals, macrophage activation and stimulation
of T lymphocyte cells, and action against infectious and
tumour diseases [13—16]. This structural similarity
between coffee infusion mannans and AV bioactive man-
nans prompt us to evaluate the possible immunostimulatory
activity of these polysaccharides.

The coffee residue resultant from coffee beverage prepa-
ration is composed by the materials that were not able to be
extracted by the hot water. Considering the huge amount of
coffee residue produced all over the world, the reutilisation
of this by-product is a relevant subject. Some attempts of
reutilisation of coffee residue have been made, using it as
fertiliser, fuel [17] or an antioxidant material source [18],
but, to our knowledge, none of these strategies have yet
been routinely implemented. Polysaccharides comprise
50% of green coffee beans dry weight, and galactomannans
account for 50% of these polysaccharides [19]. Although
up to 40% of the total polysaccharides are degraded during
roasting [20], mannans are the least degraded polysacchar-
ides, accounting for nearly 50% of total polysaccharides,
even for the darkest roasted coffees [20, 21]. As, depending
on the degree of roast, only 6—12% of the polysaccharides
are extracted during the beverage preparation [3, 20], this
residue could be a good source of valuable polysaccharides,
especially mannans. Nevertheless, the use of coffee residue
as a source of polysaccharides has been hampered due to
their insolubility. The acetylation of coffee residue poly-
saccharides presents a real possibility to render them solu-
ble in water. Additionally, they became with a composition
that is similar to the coffee infusion acetylated arabinoga-
lactomannans and AV bioactive mannans, which would
confer an added value to this coffee residue mannans. The
utilisation of coffee residue as a source of polysaccharide
with immunostimulatory activity and the consequent valor-
isation of this by-product is a possibility keen to be
exploited.

In this work, the immunostimulatory activity of coffee
infusion mannans isolated and purified from two coffee
infusions prepared from roasted coffee beans, and mannans
prepared from coffee residue, was studied. The results were
compared with the activity of the mannan from AV and the
galactomannans of locust bean gum (LBG).

2 Materials and methods

2.1 Coffee infusion samples

Coffee infusions were prepared from Brazilian Arabica cof-
fee beans from two degrees of roast: a light roast, with 5%
matter loss on a dry weight basis (DR 5%), and a dark roast,
with 10% dry matter loss (DR 10%), as described by Nunes
and Coimbra [1, 3]. Briefly, each ground and defatted cof-
fee was extracted with water (50 g/L) at 80°C, 20 min, fil-
tered, concentrated, dialysed (12—14 kDa cut-off), frozen
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and freeze-dried, giving the High Molecular Weight Mate-
rial (HMWM). The mannan rich fractions were obtained
from the HMWM as described by Nunes et al. [10, 11].
Briefly, the HMWM was gradually precipitated in ethanol
and the fraction insoluble in 50% ethanol (Et50) was recov-
ered and further purified by anion exchange chromatogra-
phy on Q-Sepharose. The material recovered on the nonre-
tained fraction was further purified by phenylboronic acid
(PBA) affinity chromatography, giving origin to fractions
CI5 and CI10, for the light and dark roasted coffee infusion,
respectively.

2.2 Coffee residue samples

Coffee residue mannans were prepared from espresso cof-
fee residue obtained from a commercial batch of Buondi
coffee in a local cafeteria. The coffee residue (1 kg, 360 g
dry weight) was sequentially extracted with: (i) 2 L distilled
water at 90°C during 1 h, then (ii) with 2 L 0.5 M imidazole
pH 7.0 at 70°C during 1 h, (iii) 1 L 0.05 M NaOH, (iv) 1 L
1 M NaOH and (v) 1 L 4 M NaOH. All NaOH extractions
were performed during 2 h at room temperature. To prevent
peeling reactions and alkaline oxidation of the polysacchar-
ides, the NaOH extraction was carried out under an inert
atmosphere (N,) with O, free solutions containing 0.02 M
NaBH,. The NaOH solutions were prepared using distilled
water previously boiled for 20 min and cooled under a
nitrogen atmosphere. After each extraction step the mixture
was filtered, concentrated under reduced pressure and dia-
lysed (12—14 kDa cut-off) for 3 days, with several changes
of distilled water. The alkali extracts were previously acidi-
fied to pH 5.0 with glacial acetic acid. After dialysis, the
extracts were centrifuged and the precipitates, if present,
were recovered separately from the supernatants. All sam-
ples were frozen and freeze-dried.

The mannans present in the 4 M NaOH precipitate were
solubilised by acetylation according to the methodology
proposed by Biswas et al. [22] for starch and cellulose. In a
glass vial equipped with a magnetic stirrer, 1 g of sample
was suspended in 2 mL of acetic anhydride containing
50 mg of iodine, sealed and heated at 100°C for 10 min.
The reaction mixture was then cooled to room temperature
and treated with a saturated solution of sodium thiosulphate
(2 mL) with stirring. The mixture colour changed from
dark brown to colourless, indicating the transformation of
iodine to iodide. The mixture was poured into 50 mL of
ethanol and stirred for 30 min. The dispersion was centri-
fuged (15000 rpm, 10 min, 4°C) and the precipitate was
recovered, suspended in water and stirred overnight in order
to solubilise the acetylated polysaccharides coffee residue
(CR)1. The material present in the residue was separated
from CR1 and submitted to a new acetylation procedure
with acetic anhydride and iodine following the same proce-
dure. The acetylated material recovered from the second
acetylation was named CR2.
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2.3 Aloe veraand locust bean gum samples

The high molecular weight material from AV was obtained
by dialysis (12— 14 kDa cut-off) from a commercial capsule
containing 405.5 mg of powder (Molo-Cure, USA).

The galactomannans from LBG had been purified from a
commercial sample (HG M200- INDAL) by solubilisation
in water (5 g/L) at room temperature during 1 h and then at
90°C during 30 min, and recovered by precipitation in 80%
ethanol (12 h at 4°C) followed by filtration [23].

2.4 Sugars analysis

Neutral sugars were released from polysaccharides by treat-
ment with 11 M H,SO, (10 mg/mL) during 3 h at room tem-
perature with occasional stirring followed by hydrolysis for
2.5 hwith 1 M H,SO,at 100°C. The sugars were then deriva-
tised to their alditol acetates and analysed by GC flame ion-
isation detector (GC-FID), as previously described [1, 3].

2.5 Determination of the degree of acetylation of
coffee residue mannans

The determination of the degree of acetylation was per-
formed by saponification with NaOH and analysis of the
released acetic acid by solid phase micro extraction and GC
(SPME-GC) according to the method developed by Nunes
et al. [24]. The samples (2—3 mg) were dispersed in water
(2.4 mL) in vials with 1 mL capacity and sonicated for
10 min in a water bath at room temperature. The saponifica-
tion of the polysaccharides occurred by the addition of
0.8 mL of 2 M NaOH, with a reaction time of 1 h at 25°C.
The reaction was finished by the addition of 0.8 mL of 2 M
HCI, and the pH was adjusted to 2.0. The vials (10 mL) con-
taining 4.0 mL of sample suspension (sample dispersed in
2.4 mL of water, 0.8 mL of 2 M NaOH and 0.8 mL of 2 M
HCI) or standard solutions were thermostatised at 40°C in a
water bath, with continuous stirring. After 15 min, the
SPME fibre coated with 50/30 um divinylbenzene/Car-
boxen on polydimethylsiloxane (DVB/Carboxen/PDMS)
was manually inserted through the Teflon septum into the
headspace of the vial and exposed at 40°C during 30 min.
The SPME coating fibre containing the headspace volatile
compounds was introduced into the GC injection port at
250°C and kept for 10 min for the desorption. A Hewlett-
Packard 5890 series II gas chromatograph (Hewlett-Pack-
ard, Wilmington, USA), equipped with a split/splitless
injector and a FID was used.

2.6 Immunostimulatory activity assays

2.6.1 Preparation of polysaccharide extracts

The polysaccharide solutions (1 mg/mL) were prepared as
described by Dourado et al. [25] by dispersing the polysac-
charides in endotoxin-free PBS. The samples were then
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sterilised by filtering through a 0.22 pm filter (Whatman)
and aliquots were collected and assayed for total carbohy-
drates by the phenol-H,SO, method [26]. For removal of
any contaminant bacterial LPS the filtered solutions were
passed under sterile conditions through a 5 mL Detoxigel
column (Pierce), previously washed several times with
endotoxin-free water (25 mL), 1% w/v deoxycolic acid sol-
ution (25 mL), and then equilibrated with PBS. The solu-
tions were finally concentrated and total carbohydrates
were also determined before and following column passage
by the phenol-H,SO,4 method [26]. No losses were detected
following column passage.

2.6.2 Mice

Male C57BL/6 mice (6—8 wks old) were purchased from
Charles River (Barcelona, Spain), and were kept at the ani-
mal facilities of the Institute Abel Salazar, under specific
pathogen-free conditions until used. Sterile food and water
were supplied ad libitum. Nesting and hiding material were
provided. Procedures involving mice were performed
according to the European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Scien-
tific Purposes (ETS 123) and 86/609/EEC Directive and
Portuguese rules (DL 129/92).

2.6.3 In vitro mononuclear cell cultures of murine
mononuclear spleen cells

Spleen cells were obtained by gently teasing the organ in
RPMI-1640 medium (Sigma, St. Louis, USA) supple-
mented with penicillin (100 IU/mL), streptomycin (50 pg/
mL), 2-mercaptoethanol (0.05 M) and 10% of fetal bovine
serum (Sigma, St. Louis, USA) (RPMI). Mononuclear cell
suspensions were distributed on 96-well plates (10°cells/
well) and cultured for 6 h at 37°C, in 95% humidified
atmosphere containing 5% CO,. Plated cells were stimu-
lated with RPMI medium alone (negative control), 5 pg/mL
of LPS from Salmonella abortus equi (Sigma, St. Louis)
(positive control) or with 12.5—100 pg/mL of coffee bever-
age samples (CI5 and CI10), coffee residue samples (CR1
and CR2), Aloe vera extract (AV) and galactomannan from
LBG.

2.6.4 Evaluation of the in vitro lymphocyte
stimulating effect by flow cytometry analysis
For cytometry analysis, C57BL/6 mice spleen cells were
resuspended in balanced salt solution (BSS) supplemented
with 10 mM of sodium azide and 1% BSA. The following
monoclonal antibodies were used for immunofluorescence
cytometric analysis in a FACScan (Becton Dickinson, San
Jose, CA, USA): FITC-conjugated rat anti-mouse B220
(Pharmingen, San Diego, CA), FITC-conjugated rat anti-
mouse CD8 (Pharmingen), FITC-conjugated rat anti-mouse
CD4 (Pharmingen) and phycoeritrin-conjugated hamster
anti-mouse early activation marker (CD69; Pharmingen).
CELLQUEST software (Becton Dickinson) was used to
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Table 1. Sugars composition and acetylation of mannan-rich samples used.

Sample Sugars composition (% mol) Total No. of acetyl groups per
sugars sugar residues (mol acetic

Ara Man Gal Glc (%) Man/Gal acid/mol sugar residue)

Cl5 2 89 7 1 76 13 0.08

Ci1o 1 92 5 1 63 18 0.08

CR1 6 69 23 2 55 3 0.84

CR2 1 90 6 2 44 15 0.94

AV 4 41 5 41 34 8 n.d.

LBG 1 77 20 3 86 4 n.d.

CI5 and CI10, Coffee infusion fractions isolated and purified from coffee infusions, as described in section 2.1; CR1 and CR2, acety-
lated fractions from coffee residue, as described in section 2.2; AV, Aloe vera sample; LBG, locust bean gum sample.

n.d., not determined.

process the gathered data. Dead cells were excluded by pro-
pidium iodide incorporation.

2.6.5 Statistical analysis

The results obtained were analysed by one-way ANOVA in
order to detect significantly (»p < 0.05 or p <0.01) difference
between the means. Significantly different means relative
to control were assigned after post hoc analysis using the
Dunnet test.

3 Results and discussion

3.1 Chemical characterisation and
immunostimulatory properties of coffee
infusion mannans

The coffee infusions mannans were purified from two cof-
fee infusions with two different degrees of roast using a
multistep purification procedure that included ethanol pre-
cipitation, anion exchange chromatography and PBA affin-
ity chromatography, a methodology that was shown to be
specific for the isolation of relatively high substituted gal-
actomannans [10]. The purified coffee infusion galacto-
mannans accounted for 12 and 8.3% of its high molecular
weight material (HMWM) for the light and dark roasted
coffee, corresponding to 1.0 and 0.66%, respectively, of the
whole roasted coffee. This means that for 150 mL of a typi-
cal coffee infusion prepared with a proportion of 50 g of
ground roasted coffee per 1 L of water, the amount of acety-
lated galactomannans is ~77 mg for the light roasted coffee
and ~50 mg for the dark. The sugars composition of these
purified galactomannan-rich fractions is presented in Table
1. The mannose/galactose (Man/Gal) ratio for the light
roasted coffee (CI5) was 13 and 18 for the dark roasted cof-
fee (CI10). This allows to infer that the galactomannans
from CI5 had a higher amount of galactose side chains than
those of CI10. The relative content of arabinose residues,
also known to occur as mannan side chains, was also higher
in CIS. Anyway, both galactomannans presented an equal
abundance of acetyl groups that accounted for 8% on a
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molar basis in relation to the sugar residues, indicating that,
on average, 2 in 25 sugar residues were acetylated. It has
been shown [10, 11] that this acetylation occurs preferen-
tially on the mannan backbone in the O-2 position of the
mannose residues. These structural features of the coffee
infusion galactomannans show resemblance with the immu-
nostimulatory polysaccharide acemannan of AV, although
this has been classified as an acetylated glucomannan, hav-
ing a higher percentage of acetyl groups (0.91 acetyl groups
per sugar residue [27]).

The in vitro immunostimulatory properties of coffee
infusions acetylated mannans were tested and compared
with a commercial extract of AV bioactive mannans (sugars
composition shown in Table 1). Additionally, a LBG galac-
tomannans sample was used as a different source of man-
nans, working as a control sample. The Man/Gal ratio of
LBG galactomannan was 4 (Table 1), due to the higher rela-
tive content of galactose, having a higher degree of branch-
ing than CIS and CI10.

Figure 1 shows the in vitro lymphocyte stimulatory effect
of CI5 and CI10 samples evaluated by flow cytometry anal-
ysis of the expression of the early activation marker CD69
on the surface of C57BL/6 mice spleen B- and T-cells. B-
lymphocytes were activated by both coffee infusion man-
nans, as well as by AV, but not LBG. The stimulatory effect
observed of 89% for CI5 and 74% for CI10 was similar to
that obtained for AV (74%) and significantly different from
that observed for the LBG galactomannan (5%). LBG
showed a value not significantly different from the PBS
blank test (4%). The amount of material to reach the
reported maximum activation percentages was 20 pg/mL
for CI5 and 100 pg/mL for CI10, whereas for AV was an
intermediate concentration (50 pg/mL).

The flow cytometry analysis of CD69 expression on the
surface of C57/BL6 mice CD4" and CD8" T- cells in spleen
mononuclear cell cultures (Fig. 1) also shows a stimulatory
effect on these lymphocyte populations by coffee infusion
mannans. On CD4" cells, the maximum observed activation
was 39—40% for both coffee infusions samples, values com-
parable to that obtained for AV (59%). The amount of mate-
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Figure 1. In vitro lymphocyte stimulatory effect of galactomannans of coffee infusion (CI5 and CI10), coffee residue (CR1 and
CR2), Aloe vera (AV) and LBG. Typical example of dot plots showing CD69 expression on the surface of B cells (B220), CD4* T
cells or CD8* T cells in C57BL/6 mice spleen mononuclear cell cultures stimulated with medium alone (RPMI), 5 ng/mL of LPS, or
with previously titrated optimal doses of CR1, CR2, CI5, CI10 or AV on each lymphocyte population. For B-cells, these were of
50 pg/mL (CR1), 50 pg/mL (CR2), 20 ug/mL (CI5), 100 ug/mL (CI10) and 50 pg/mL (AV). For CD4* cells these were of 100 png/mL
(CR1), 25 ug/mL (CR2), 40 pg/mL (CI5), 100 pg/mL (CI10) and 25 ug/mL (AV). For CD8* cells these were of 100 ug/mL (CR1),
25 ug/mL (CR2), 40 pg/mL (CI5), 100 pg/mL (CI10) and 25 pg/mL (AV). Numbers inside dot plots indicate the mean values (+SD) of
the proportion of CD69* cells within the gated population (B220*, CD4* or CD8*) determined on three wells per experimental condi-
tions. In this and in the following pictures the significance of the results, as compared with control, is indicated (*, p < 0.05; **, p <
0.01). This is a representative example of four independent experiments.

rial required to reach the reported maximum activation per-
centages was 40 pg/mL for CIS and 100 pg/mL for CI10,
but it was lower (25 pg/mL) for AV. For CD8" cells, a maxi-
mum activation of 35 and 52% was obtained for CIS and
CI10 samples, respectively (Fig. 1), which are values com-
parable to that obtained for AV (47%). The amount of mate-
rial to reach the reported maximum activation percentages
was higher (40 pg/mL for CI5 and 100 pug/mL for CI10 sam-
ples) than that required for AV (25 pg/mL). LBG mannan
extract did not show stimulatory activity for CD4" or CD8"*
T-cells in spleen mononuclear cell cultures (Fig. 1).
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3.2 Chemical characterisation and
immunostimulatory properties of coffee
residue mannans

The sugars analysis of coffee residue (Table 2) shows that
mannose (57%) is the main sugar residue, followed by gal-
actose (26%), glucose (11%) and arabinose (6%). This sug-
ars abundance is similar to that observed for the cell wall
material [20] and for the whole roasted coffee [28] with a
medium degree of roast. This sugars composition shows
that the mannans are the major polysaccharides of coffee
residue. In order to extract and purify the mannans, the cof-
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Table 2. Sugars composition of coffee residue and fractions from the extraction with 4 M NaOH ( NaOH sn, NaOH ppt and cellulosic

residue).
Sample Yield Sugar composition (% mol) Total sugars
(%) (%)
Ara Man Gal Glc

Coffee residue - 6 57 26 11 35

NaOH sn 1.4 12 14 69 3 40

NaOH ppt 4.6 2 87 8 2 73
Cellulosic residue 491 5 60 20 14 54

fee residue was sequentially extracted with several aqueous
solvents. Although coffee residue material was obtained in
all extracts, the best solvent for extraction of the mannans
was 4 M NaOH, allowing to obtain 6.0% of the starting
material (Table 2). Upon neutralisation and dialysis, the
precipitate (NaOH ppt) was separated from the supernatant
(NaOH sn). The sugar composition of NaOH ppt (Table 2)
showed to be very similar to that found for the roasted cof-
fee infusion mannans and very different from the one
observed for NaOH sn fraction, which was rich in galactose
and arabinose (Table 2), characteristic of arabinogalactans.
Anyway, a large proportion of mannans remains in the cof-
fee residue (Table 2) needing stronger conditions than those
used for their extraction.

Polysaccharides are linked together by many intermolec-
ular hydrogen bonds which, due to their abundance, are
responsible for their low solubility in water. The insolubil-
ity increases with the increase of the degree of polymerisa-
tion and decreases with the increase of the number of
branching residues or acetyl groups in the polymers. As the
mannans isolated from both, coffee infusion and coffee res-
idue, have a comparable Man/Gal ratio, this is not a factor
that could explain their water insolubility. This could be
possibly related to a higher degree of polymerisation of cof-
fee residue mannans when compared to those present in
coffee infusions and/or to a lower degree of acetylation.
Chemical acetylation is a process that can be used to pro-
mote the solubilisation of polysaccharides by functionalisa-
tion of hydroxyl groups and, consequently, decreasing the
extent of polymeric intermolecular hydrogen bonds.

The acetylation procedure performed on the 4 M NaOH
ppt allowed to obtain a yield of 8.4% (CR1). The main
sugar residue present in fraction CR1 was mannose. How-
ever, this fraction contains a large amount of galactose
(23%) and arabinose (6%). This sugars composition sug-
gests the presence of mannans but, due to the amount of
galactose residues, the presence of arabinogalactans can-
not be excluded, possibly due to the co-solubilisation with
the mannans. The amount of acetyl groups, on a molar
basis in relation to the sugar residues, was 84%, which
shows that the acetylation was performed efficiently. With
the purpose of increasing the yield of soluble mannans
from coffee residue and trying to obtain a pure mannan,
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another acetylation procedure was performed on the resul-
tant residue, allowing to obtain CR2 with an additional
yield of 3.7%. Sugars analysis (Table 2) shows that CR2
fractions had a sugars composition similar to those
obtained for coffee infusions mannans. The amount of ace-
tyl groups, on a molar basis in relation to the sugar resi-
dues, was 94%, a value comparable to that observed for
CR1. However, this value is ten times higher than the one
observed for the acetylation of coffee infusions but is close
to that reported for AV acemannan.

The in vitro lymphocyte stimulatory effect of the chemi-
cally acetylated coffee residue mannans is also shown in
Fig. 1. The B-lymphocytes were activated by the chemically
acetylated coffee residue mannans with a maximum stimu-
latory effect observed of 79 and 26% for CR1 and CR2,
respectively. These values were significantly different from
those observed for the negative control (PBS, 4%) and LBG
(5%) and the value for CR1 was similar to the one obtained
for coffee infusions and AV. The amount of material to
reach the reported maximum activation percentages was
50 pg/mL for CR1 and for CR2, which was similar to the
concentration used for AV. The flow cytometry analysis of
CD69 expression on the surface of C57/BL6 mice CD4*
and CD8" T-cells in spleen mononuclear cell cultures also
shows a stimulatory effect on theses lymphocyte population
by coffee residue chemically acetylated mannans. On CD4"
cells, the maximum observed activation was 13—18% for
chemically acetylated coffee residue mannans, values lower
than those obtained for AV (59%) and for coffee infusions
(39-40%). The amount of material required to reach the
reported maximum activation percentages was 100 pg/mL
for CR1 and 25 pg/mL for CR2, the later a value similar to
the concentration used for AV. For CD8+ cells, a maximum
activation of 17 and 21% was obtained for CR1 and CR2,
respectively. These values, although significantly different
from those observed for LBG (4%), were lower than that
obtained for AV (47%) and coffee infusions mannans (35—
52%). The amount of material to reach the reported maxi-
mum activation percentages was 100 pg/mL for CR1 and
25 ug/mL for AV.

When tested in spleen mononuclear cell cultures, LBG
did not show any stimulatory activity (Fig. 1).
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4 Concluding remarks

The acetylated arabinogalactomannans from light and dark
coffee infusions were shown to induce the in vitro expres-
sion of the surface lymphocyte activation marker CD69 on
murine B and T lymphocytes. This effect was more marked
on B- than on T-lymphocytes and did not lead to a detect-
able proliferative response by the stimulated cells (data not
shown). In these assays, the acetylated arabinogalacto-
mannans from coffee infusions showed a similar activity to
that of AV mannans from a commercial source which was
used for comparison. LBG galactomannan did not show any
immunostimulatory activity.

These results show that, beyond the prebiotic activity and
dietary fibre properties of coffee infusion mannans [7-9],
these polysaccharides have also another important biologi-
cal attribute: the immunostimulatory activity. Due to their
indigestibility and high molecular weight, mannans are not
expected to be absorbed by the gut but can stimulate the
mucosal immune system, as has been reported for the non-
digestible oligosaccharides [29]. Although no specific stud-
ies have been performed for mannans, dietary fibre, in gen-
eral, has been known to quench minor dietary constituents,
such as minerals, reducing their absorption in the small
intestine [29]. However, dietary fibre fermentation has been
shown to improve mineral absorption, produce several
products that allow reducing gut infections, increase the
levels of intestinal SCFASs, suppression of colon cancer ini-
tiation, alleviation of constipation, among other effects
[29]. In the human colon, coffee mannans undergo rapid
fermentation producing mannooligosaccharides and SCFAs
[7-9]. In dog experiments, the colonic fermentation of
mannooligosaccharides showed improvement of gut health
by altering positively the microbial population and enhanc-
ing the immune capacity, as well as decreasing the concen-
tration of putrefactive compounds [30].

This research opens the possibility of exploitation of cof-
fee mannans as a source of bioactive polysaccharides with
immunostimulatory activity. These polymers can be
included as ingredients in daily intake food products in a
large range of segments, namely, dairy industry (yogurt,
milk and functional beverages); breakfast cereals, biscuits,
bread, and snacks; soft drinks, and mineral and spring water.
Also, development of coffee beverages with higher and
optimised content in functional polysaccharides can be
hypothesised.

A significant amount of water soluble coffee residue
mannans can be recovered by 4 M NaOH solutions fol-
lowed by partial acetylation. These mannans have similar
immunostimulatory activity than those present in coffee
infusions, although with a somewhat lower potency, but
with lower amounts of material required for maximum acti-
vation, especially for CR2. These results show that the
occurrence of acetyl groups in the polysaccharide may be
an important structural characteristic for their immunosti-
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mulatory properties. Anyway, a more extensive study on the
immunostimulatory and immunomodulatory properties of
these coffee-derived polysaccharides will be necessary to
ascertain possible applications of these molecules. Studies
to establish structure—function relationships are required in
order to understand the specific responses to the different
polysaccharide structures.
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