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The Chemical Characteristics and Immune-Modulating Activity of
Polysaccharides Isolated from Cold-Brew Coffee
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ABSTRACT: To elucidate new biological ingredients in cold-brew coffee extracted with cold water, crude polysaccharide
(CCP-0) was isolated by ethanol precipitation, and its immune-stimulating activities were assayed. CCP-O mainly com-
prised galactose (53.6%), mannose (15.7%), arabinose (11.9%), and uronic acid (12.4%), suggesting that it might exist
as a mixture of galactomannan and arabinogalactan. CCP-0 significantly increased cell proliferation on both murine peri-
toneal macrophages and splenocytes in a dose dependent manner. CCP-0 also significantly augmented nitric oxide and
reactive oxygen species production by murine peritoneal macrophages. In addition, macrophages stimulated by CCP-0
enhanced production of various cytokines such as tumor necrosis factor-a, interleukin (IL)-6, and IL-12. In an in vitro assay
for intestinal immune-modulating activity, CCP-0 showed higher bone-marrow cell-proliferation activity through Peyer’s
patch cells at 100 pg/mL than the negative control. These results suggest that CCP-0 may potentially enhance macrophage

functions and the intestinal immune system.
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INTRODUCTION

Coffee is a popular drink that is consumed after being
extracted from coffee-tree fruits, which are roasted and
ground (1). The drink’s name varies based on the extrac-
tion methods: espresso coffees are highly concentrated,
drip coffees are extracted by pouring hot water on roasted
coffee bean powder, and cold-brew coffees are extracted
by cold water. Dutch coffee, a representative among cold-
brew coffees, is made by a method devised by sailors
transporting Robusta species coffee from Dutch Indone-
sia to Europe. In order to be able to drink coffee on the
vessel, they extracted it with cold water for a long time
(2). Extraction in cold water results in the extraction of
bitter-tasting oil components and sour-tasting acids,
leading to coffee of rich flavor due to its volatile organic
acids (3). As coffee consumption has been increasing in
recent decades, studies concerning it are in progress.
Representative pharmaceutically active substances exist-
ing in coffee include caffeine, chlorogenic acid, cafestol,
and diterpenes such as kahweol (4). In particular, stud-
ies have reported that caffeine and chlorogenic acid re-

duce the oxidation of low-density lipoprotein (LDL), a
cause of arteriosclerosis (5), have anti-inflammatory ef-
fects via c-Jun N-terminal kinase (JNK) and activator pro-
tein 1 (AP-1), and help improve type II diabetes by in-
creasing insulin resistance of skeletal muscles (6). In ad-
dition, caffeine is known as suppressing the outbreak of
Parkinson’s disease by regulating the GRIN2A gene
which is encoding a subunit of a glutamate receptor (7)
and suppressing Alzheimer’s disease by inhibiting the
amyloid precursor protein (secretase) that produces B-
amyloid, a constituent of amyloid plaques that commonly
appear in patients with Alzheimer’s disease (8). Howev-
er, both caffeine and chlorogenic acid cannot account for
all of the observed pharmaceutical activities of coffee.
There is still the possibility that other biologically active
ingredients such as specific polysaccharides may exist in
coffee. Therefore, in the present study, polysaccharides
were separated from cold-brew coffee and their chemical
characteristics and immune-modulating activities were
reviewed in order to identify new functional substances in
coffee and to provide basic data for utilization of those
substances.

Received 3 March 2017; Accepted 9 April 2017; Published online 30 June 2017

Correspondence to Kwang-Soon Shin, Tel: +82-31-249-9655, E-mail: ksshin@kyonggi.ac.kr

Copyright © 2017 by The Korean Society of Food Science and Nutrition. All rights Reserved.

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Immunomodulating Activity of Cold-Brew Coffee 101

MATERIALS AND METHODS

Isolation of the crude polysaccharides from cold-brew
coffee

To use the cold water extraction method, coffee (D com-
pany, Seoul, Korea) was extracted with a coffee : water
ratio of 1:10 using a tower-type cold water extraction de-
vice fabricated using separatory funnels. One liter of wa-
ter was poured on 100 g of commercial coffee powder to
pass the coffee layer for 12 h. The extracted coffee solu-
tion was then collected (2). To separate crude polysac-
charides from the collected coffee solution, four volumes
of 95% ethanol per volume of collected coffee solution
were added. The solution was left unattended overnight,
then subjected to centrifugation (6,000 rpm, 30 min),
whereupon the precipitate was collected. The precipitate
was then dissolved in a small amount of distilled water
and subjected to dialysis for two days using a dialysis
tubing (cut-off 12,000~ 14,000 Da, Sigma-Aldrich Co.,
St. Louis, MO, USA) to selectively remove low-molecu-
lar-weight substances. Then, the precipitate was lyophi-
lized (FreeZone Freeze Dryers, Labconco, Kansas City,
MO, USA) to obtain crude polysaccharide (CCP-0) (cold-
brew coffee polysaccharide) (Fig. 1).

General analysis and sugar component analysis

The neutral sugar content of the sample was obtained
using the phenol-sulfuric acid method (9) using galac-
tose as a standard. The uronic acid content was obtained
using the m-hydroxybiphenyl method (10), using galac-
turonic acid as a standard. Protein content was obtained
using the Bradford method (11), using bovine serum al-
bumin as a standard. The thiobarbituric acid (TBA)-pos-
itive material content of the sample was obtained using
the TBA method (12), modified to fit our laboratory con-
ditions and using 2-keto-3-deoxy-D-manno-octulosonic
acid (Kdo) as a standard. Sugar components were ana-
lyzed using gas chromatography (GC) after converting
individual sugar components into alditol acetate deriva-
tives (13) by hydrolyzing the sample for 90 min at 121°C
using 2 M trifluoroacetic acid. GC analysis was con-
ducted using a GC ACME-6100 (Young-Lin Co., Anyang,

Commercial coffee powder

<— Added to 1 L of cold water
<— Extracted coffee solution for 12 h
<4— 80% ethanol precipitation
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Supernatants Precipitate

<— Resoluted in small volume of water
< Dialysis (cut off 12,000) for 3 days
<— Concentration

<— Lyophilization

Crude polysaccharide (CCP-0)
Yield: 0.16%

Fig. 1. Isolation of crude polysaccharide from cold-brew coffee.

Korea) equipped with a SP-2380 capillary column (0.2
pmx30 m, Supelco, Inc., Bellefonte, PA, USA) under
standard temperature conditions [60°C (1 min), 60°C—
220°C (30°C/min), 220°C (12 min), 220°C—250°C (8°C/
min), and 250°C (15 min)]. The mole % of each mono-
saccharide was calculated from the area ratio of its re-
spective peak, the reaction coefficient of each monosac-
charide to the flame ionization detector, and the molecu-
lar weight of the alditol acetate derivative of each mono-
saccharide.

Experimental animals

Female BALB/c and C3H/HeJ] mice aged 5~ 6 weeks were
purchased from Orient Bio Company Limited (Seoul,
Korea) and used in the experiment after undergoing
adaptation for three days. Five mice were put into each
breeding cage and raised at a temperature of 23+3°C
and humidity in a range of 55~70%, and fed ad libitum.
The experiment was approved by the Animal Experiment
Ethics Committee of Kyonggi University (2012-5) and
conducted conforming to the regulations.

CCP-0 cytotoxicity and effect on cytokine production in
macrophages

CCP-0’s macrophage cytotoxicity and the effect on cyto-
kine production are measured using a modified version
of the method used by Suzuki et al. (14). After injecting
1 mL of 5% thioglycollate medium (Sigma-Aldrich Co.)
into the peritoneal cavities of BALB/c mice (6 weeks old,
male) and collecting the induced macrophages within 72
h, cell counting was adjusted to 2.5x10° cells/mL using
a Roswell Park Memorial Institute (RPMI) 1640 (Gibco
BRL, Grand Island, NY, USA)-10% fetal bovine serum
(FBS) (Welgene Inc., Daegu, Korea), and the solution
was dispensed into a 96-well plate, 100 pL in each well.
The solution was cultured for 2 h in a 37°C, 5% CO, in-
cubator to form a macrophage monolayer. Then, 100 pL
each of the sample diluted to various concentrations were
added to each well, and the solution cultured for 24 h
under the conditions detailed above. Following this, to
measure the cytotoxicity effect of different sample con-
centrations, CCK-8 (Cell Counting Kit-8, Dojindo Labo-
ratories, Kumamoto, Japan) was diluted five-fold, and 50
uL of this dilution was added to each well. The 96-well
plate was kept in a 37°C, 5% CO, incubator for 30~60
min. The optical density of the reactant was measured at
450 nm. In addition, the cytokine content in the culture
supernatant secreted by macrophages was analyzed us-
ing an enzyme-linked immunosorbent assay (ELISA) kit
(BD Biosciences, San Diego, CA, USA) according to the
manufacturer’s guidelines.
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Production of nitric oxide (NO) and reactive oxygen
species (ROS) by CCP-0-stimulated macrophages

Similar to the method presented above, cell counting was
adjusted to 2.5x10° cells/mL, the cell solution dispensed
into a 96-well plate, 100 pL in each well, 100 pL of the
sample diluted to various concentrations was added to
each well, and the solution was cultured for 24 h in a
37°C, 5% CO; incubator. The cell-culture fluid secreted
by macrophages was collected, and NO and ROS produc-
tion examined. NO was measured using the Griess re-
agent (Promega Corporation, Madison, WI, USA) accord-
ing to the manufacturer’s guidelines; ROS was measured
using the reactions of 2’,7’-dichlorofluorescin diacetate
(DCFH-DA, Invitrogen, Eugene, OR, USA) with active
oxygen to form 2’,7’-dichlorofluorescein (DCF) by add-
ing 10 uM of DCFH-DA to the cells, culturing them for
2 h, dissolving them, and measuring supernatant fluo-
rescence using a fluorometer (Victor-2, PerkinElmer,
Wellesley, MA, USA) at excitation 450 nm/emission
530 nm.

Splenic lymphocyte proliferation

Spleens were excised from BALB/c mice (6~8 weeks
old, male) to obtain spleen cells through grinding (100
mesh) and filtering (200 mesh). Red blood cells were re-
moved using 0.2% NaCl, and the remaining spleen cells
were washed 2~3 times with RPMI 1640-10% FBS me-
dium to adjust the cell counting to 5x10° cells/mL. The
cell suspension obtained was dispensed into a 96-well
plate, 180 uL in each well, 20 pL each of the sample di-
luted to various concentrations were added to each well,
and the cells were cultured for 72 h in a 37°C, 5% CO,
incubator. To measure the activity of each sample, CCK-
8 was diluted five-fold, 50 uL of this dilution was added
to each well, the solution was kept for 30~60 min in a
37°C, 5% CO; incubator, and the optical density of the
reactant was measured at 450 nm.

Intestinal immune-system activity through Peyer’s patch
stimulation

The abdomens of C3H/He] mice (6 ~8 weeks old, male)
were incised to aseptically excise the Peyer’s patches
from the small-intestinal wall. Tissues were ground us-
ing a 100 mesh stainless sieve to discharge the cells from
the Peyer’s patches and prepare a cell suspension. This
cell suspension was filtered through a 200 mesh stain-
less sieve and washed with minimum essential eagle-
10% FBS, and cell counting was adjusted to 2x10° cells/
mL. The cell suspension was dispensed into a 96-well
plate, 180 pL in each well, 20 puL each of the sample di-
luted to various concentrations were added and the cells
were cultured for 5 days in a 37°C, 5% CO, incubator.
Then, 50 pL of the cultured supernatant was collected
and granulocyte-macrophage colony-stimulating factor

(GM-CSF) production was analyzed using ELISA. In ad-
dition, some of the culture supernatant was taken and
used to measure bone-marrow cell-proliferation activity.
Bone marrow cells were collected from the femoral bones
of mice of the same species, filtered, and washed. Cell
counting was adjusted to 2.5x10° cells/mL and the cell
fluid was dispensed into a 96-well plate, 100 pL in each
well. Then, 50 puL each of the supernatant obtained
through reaction between the Peyer’s patch, the sample
and RPMI 1640-10% FBS were added to each well, and
the solution was cultured for six days in a 37°C, 5% CO,
incubator. To measure bone marrow cell proliferation
activity, 20 uL of CCK-8 kit solution was added to a 96-
well plate containing the culture fluid, the solution was
left unattended for 4 h, then the optical density of the re-
actant was measured at 450 nm, and the resulting value
was compared with the bone-marrow cell-proliferation
rate of the control group to calculate relative activity (%).

Statistical analysis

All experiments were performed in triplicate, and data
were expressed as means=+standard deviation (SD). The
statistically significant difference between the negative
control and sample was evaluated by the Student’s two-
tailed t-test (P<0.05).

RESULTS AND DISCUSSION

Isolation of crude polysaccharides from cold-brew coffee
In the present study, CCP-0 was collected from cold-brew
coffee using 80% ethanol precipitation followed by dialy-
sis and freeze-drying. The general chemical characteris-
tics and sugar components of CCP-0 were analyzed. Ac-
cording to the results (Table 1), CCP-0 is a polysaccha-
ride comprising of 87.6% neutral sugar and 12.4% uronic
acid. The neutral sugar comprises 53.6% galactose, 15.7%
mannose, 11.9% arabinose, and traces of rhamnose and
glucose, which are thought to be generally similar to the
components of the galactomannan or arabinogalactan
structures that were already reported in coffees (15). In
contrast, no protein or Kdo, known as an unusual sugar
in nature, was detected.

CCP-0 cytotoxicity and effect on cytokine production in
macrophages

Macrophages are immune-system cells that play a crucial
role in destroying and necrotizing microorganisms that
penetrate the body (16). They are also known to confer
immunity by secreting various cytokines in the process of
phagocytosis of bacteria or impurities (17). Using mac-
rophages separated from mouse abdominal cavities, the
cytotoxicity of CCP-0 was measured. The peritoneal mac-
rophage cells (2.5x10° cells/mL) were treated with 10,
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50, and 100 pg/mL of CCP-0 and incubated for 24 h. And
then, cell viability was examined. As a result, CCP-0 did
not show any cytotoxicity at the tested concentrations
(Fig. 2A). Next, we assayed the production of key cyto-

Table 1. Chemical properties of crude polysaccharide (CCP-0)
isolated from cold-brew coffee

Chemical composition (%) CCP-0
Yield from instant coffee 0.16%
Neutral sugar 87.6+0.0
Uronic acid 12.4x0.0
Protein -
Kdo-like materials” -
Component sugar? Mole%®
Rhamnose 3.3x04
Fucose -
Arabinose 11.9+1.9
Xylose —
Mannose 15.7+0.3
Galactose 53.6+£0.8
Glucose 3.0+£0.2
Galacturonic acid+glucuronic acid 12.4£00

V2-Keto-3-deoxy-D-manno-octulosonic acid.
IMonosaccharides were analyzed using alditol acetates.
Mole% was calculated from the detected total carbohydrate.
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kines including interleukin (IL)-6, a representative mul-
tifunctional cytokine that is a major mediator produced
in initial immune reactions. It is known to stimulate IL-6
gene-expression by IL-1, tumor necrosis factor (TNF)-a,
and other factors, and to promote or suppress acute in-
flammatory reactions by being produced by mononuclear
cells, macrophages, and interstitial cells (18). IL-12 is
recognized as an essential cytokine for inducing anti-
cancer activity due to its direct involvement in the acti-
vation of natural killer cells (19,20). TNF-c. is an inflam-
mation-mediating cytokine produced by lymphocytes
that has been reported to act independently or in combi-
nation with cytokines such as IL-1 to cause damage to
tumor blood vessels, consequently inducing tumor nec-
rosis, and to improve resistance to infection by microor-
ganisms (20).

The results showed, in the case of IL-6 (Fig. 2B), high
production similar to that in the positive control, even at
a low concentration of 10 pg/mL. Also, production of IL-
6 peaked at the CCP-0 concentration of 200 pug/mL rath-
er than higher concentrations. In the case of IL-12 and
TNF-a (Fig. 2C and 2D), production increased dose-de-
pendently and peaked at 200 pg/mL, equally to the re-
sult of IL-6 production. These results indicate that CCP-0
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Fig. 2. Effect of crude polysaccharide (CCP-0) from cold-brew coffee on macrophage proliferation (A), and cytokine production
[interleukin (IL)-6 (B), IL-12 (C), and tumor necrosis factor (TNF)-a (D)] by murine peritoneal macrophages. Peritoneal macrophages
(2x10° cells/mL) were treated with various concentrations of CCP-0 in 96-well plates for 24 h. Cytokine levels were determined
by ELISA. Five pg/mL of lipopolysaccharide from Escherichia coli 0127:B8 were used as positive control (PC); medium was used
as negative control (NC). Significantly different from NC at **P<0.01 and ***P<0.001 by Student’s #-test.
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isolated from cold-brew coffee induces cytokine produc-
tion at relatively low concentrations. The production of
IL-6, an inflammatory cytokine directly related to the re-
cruitment of immune cells to inflammation sites; of IL-
12, involved in the activation of cell-mediated immunity;
and of TNF-a, involved in the induction of tumor necro-
sis and the enhancement of resistance to inflammation.
CCP-0 from cold-brew coffee can therefore be consid-
ered as a macrophage activator towards biodefense.

Production of NO and ROS by CCP-0-stimulated
macrophages

NO and ROS are ubiquitous cell-mediated signaling sub-
stances (21). NO plays a major role in pathogen defense
in humans. NO is known to act as a blood-vessel stabiliz-
er, neurotransmitter in mammals, and platelet-aggrega-
tion inhibitor, and to be closely involved in circulatory
disorders, inflammatory diseases, and cancers (22). ROS
is a group of substances and radicals produced in cells
with the capacity to induce various immune-inflammato-
ry responses against pathogens and foreign substances.
One ROS-centered mechanism is the oxidative burst ex-
ercised by macrophages, an effective method for pathogen
removal (23). In addition, ROS has also been reported
to participate in the removal of cell waste and abnormal
cells, as well as in defense against T-cell-related autoim-
mune diseases (24).

Peritoneal macrophage cells treated with cold-brew
coffee CCP-0 indicated dose-dependent increase in NO
production at CCP-0 concentrations of 100 pg/mL and
above (Table 2). ROS production increased dose-depend-
ently by 20~45% compared to negative control at all
CCP-0 concentrations. These results suggest that CCP-0
may act as an inducer of NO and ROS production by mac-
rophages.

Table 2. Effect of crude polysaccharide (CCP-0) on production
of nitric oxide (NO) and reactive oxygen species (ROS) by mur-
ine peritoneal macrophage cells

Concentration  NO production ROS production

Sample

(ng/mL) (uM) (% for control)
NCY - 5.06+0.06 100+1.1
pC? 5 12.7540.64*** 103.3+0.7*
CCP-0 10 5.70+0.48* 120.140.7***
100 8.6540.19*** 122.841.2%**
200 9.0040.07*** 127.140.7°**
500 9.8340.28*** 139.5+0,3***
1000 10.31£0.56*** 145.040.8***

Media was used as negative control.

& ug/mL of lipopolysaccharide from Escherichia coli 0127:B8
was used as positive control.

Significantly different from NC at *~<0.05 and ***/~<0.001 by
Student’s #-test.

CCP-0-stimulated splenic lymphocyte proliferation

The spleen is the largest secondary lymphoid organ found
in vertebrates. It is the site of B- and T-lymphocyte ma-
turation (25,26). We assayed BALB/c mouse spleens for
lymphocyte proliferation after CCP-0 treatment (Fig. 3)
and found it to be 112~118% compared to that of the
negative control, indicating that CCP-0 has mitogen ac-
tivity on certain mature immune cells, and thus, serves
as an immunity enhancer.

Intestinal immune-system activity through Peyer’s patch
stimulation of CCP-0

Gut-associated lymphoreticular tissues are widely distrib-
uted in the gut (27). Among them, Peyer’s patches are
lymphoid tissues distributed throughout the small intes-
tine and the ileum (28). They consist of B lymphocytes,
T lymphocytes, macrophages, dendritic cells (29), and
microfold cells, the latter important for antigen uptake
(30). Peyer’s patches serve as the immune system of the
gut, where foods and potentially pathogens are first ab-
sorbed in the body (31). When the intestinal immune
system is activated, GM-CSF, a hematopoietic cytokine
secreted from T-cells, is generated in Peyer’s patches
(31,32). When reacting with bone-marrow cells, this cy-
tokine is known to be capable of inducing proliferation
as well as differentiation into various immune cells (27).
Thus, studies have been reported on the activation of the
systemic immune system through the activation of the
intestinal immune system. To an in vitro assay for CCP-
0’s effect on the intestinal immune system, C3H/He]J
mouse Peyer’s patches were ground, then treated with
100 pg/mL of CCP-0, whereupon GM-CSF production
and femoral bone-marrow-cell proliferation were meas-
ured (Fig. 4). GM-CSF production increased significantly
(Fig. 4A). Bone-marrow-cell proliferation increased by
more than 40% (Fig. 4B). Thus, from the above results,
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Fig. 3. Lymphocyte proliferation activity of crude polysaccharide
(CCP-0). Lymphocytes were co-incubated with the indicated
samples for 72 h. Cell proliferation was measured using CCK-8
kit. Five pg/mL of lipopolysaccharide from Escherichia colr
0127:B8 were used as positive control (PC); medium was used
as negative control (NC). Significantly different from NC at
***p<0.001 by Student’s f-test.
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used as positive control (PC); media was used as negative control (NC). Significantly different from NC at *£<0.05, **/P<0.01,
and ***P<0.001 by Student’s ¢-test.

we suggest that CCP-0 isolated from cold-brew coffee
can serve as an inducer of the systemic immune system
through intestinal the immune system as well as activate
macrophage function and intestinal immunity.
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