JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2002, 50, 1225-1229 1225

Antiadhesive Effect of Green and Roasted Coffee on
Streptococcus mutans’ Adhesive Properties on Saliva-Coated
Hydroxyapatite Beads
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Green and roasted coffees of the two most used species, Coffea arabica and Coffea robusta, several
commercial coffee samples, and known coffee components were analyzed for their ability to interfere
with Streptococcus mutans’ sucrose-independent adsorption to saliva-coated hydroxyapatite (HA)
beads. All coffee solutions showed high antiadhesive properties. The inhibition of S. mutans’ adsorption
to HA beads was observed both when coffee was present in the adsorption mixture and when it was
used to pretreat the beads, suggesting that coffee active molecules may adsorb to a host surface,
preventing the tooth receptor from interacting with any bacterial adhesions. Among the known tested
coffee components, trigonelline and nicotinic and chlorogenic acids have been shown to be very
active. Dialysis separation of roasted coffee components also showed that a coffee component fraction
with 1000 Da < MW < 3500 Da, commonly considered as low MW coffee melanoidins, may sensibly
contribute to the roasted coffee’s antiadhesive properties. The obtained results showed that all coffee
solutions have antiadhesive properties, which are due to both naturally occurring and roasting-induced
molecules.

KEYWORDS: Antiadhesive properties; green and roasted coffees; naturally occurring coffee components;
melanoidins

INTRODUCTION (3, 4) including Streptococcus mutans, which is considered to
Coffee brews are very widely consumed in the world due to be the major causative agent of deqtal caries in hu _&)'S ( .
their pleasant flavor and taste as well as for their stimulating 1 N€ emergence of pathogens resistant to conventional anti-
effect on mental and physical activity. Caffeine is the most Pacterial agents and the need to develop new strategies for the
studied coffee component, and most of the literature is concernedcOntrol of infectious disease make coffee’s antibacterial proper-
with caffeine’s pharmacological effects. ties of particular interest. On the other hand, the role of dietary
However, coffee beverages are very complex mixtures of factors as anti-infective agents has been recently investigated,
several hundred chemicals that either occur naturally or, else, With particular emphasis on their role in inhibiting bacterial
are later induced in coffee by the roasting process, that is, in adhesion to host tissues, that being the first step of the infectious
the form of nicotinc acid or melanoidins. The occurrence of Process afterward mediated by specific molecules of recognition
such a great number of chemicals in coffee has recently induced(®—10)- - o
many researchers to investigate other coffee bioactivities. Coffee, The ability to adhere to the tooth surface by binding water-
in particular roasted coffee, has been found to act as a potentnsoluble polysaccharides and saliva constituents of the acquired
antioxidant and to inhibit lipid peroxidation both in chemical Pellicle is considered to be an important virulence property of
(1) and in biological systems in rat liver microsomal fractions S: mutang11), and proteins involved in this process represent
(2). Roasted coffee was also shown to possess antibacteriaPfimary targets of studies on dental caries prophylaks«

activity against both Gram-positive and Gram-negative bacteria 15). One of the strategies under development is the use of
compounds that modify either tf& mutansell wall or tooth
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These findings prompted us to analyze the effect of coffee
on the adhesive properties 8 mutans. In this study green
and roasted coffees of the two most used speCiefea arabica
and Coffea robustaseveral commercial coffee samples, and
known coffee components were analyzed for the ability to
interfere with S. mutanssucrose-independent adsorption to
saliva-coated hydroxyapatite (HA) beads.

MATERIALS AND METHODS

Reagents Cyanocobalamin, caffeine anhydrous, trigonelline hydro-
chloride, nicotinic acid, and chlorogenic acid were obtained from Sigma
(St. Louis, MO).

Coffee Solution Preparation.Two samples o€C. arabicaand two
samples ofC. robustacoffee beans, for a total of four different sources,

were subdivided into four batches (green and light-, medium-, and dark-

Daglia et al.

Saliva. Unstimulated whole saliva was collected from four healthy
adult donors into ice-chilled cups; samples were then pooled, clarified
by centrifugation (15009for 15 min at 4°C), sterilized by filtration,
and stored in aliquots at20 °C. Undiluted saliva was used in all
experiments.

Adsorption to HA Beads. Fifty milligram aliquots of spheroid HA
beads (Fluka Chemie, Buchs, Switzerland) (grain siZ&0—200um)
were washed three times in 1 mM PB, pH 7.0, in glass test tubes and
equilibrated fo 2 h in thesame buffer. HA beads were allowed to
settle for 30—60 s, and the supernatant solution was then removed by
aspiration. HA beads were added to 500 of saliva, and this
suspension was stirredrfd h at 37°C. The saliva was removed by
aspiration, and the HA beads were washed with 10 mM PB, pH 7.
Then a 50 mg aliquot of saliva-treated HA beads was added ta400
of radiolabeled bacteria diluted by adding 1400 of saliva [(5-7) x
107 cells mL™Y and 500uL of coffee sample. In other experiments,

roasted, prepared in duplicate). The roasted batches were prepared ifaliva-coated HA beads were treated for 1 h with the coffee solution
a pilot roaster apparatus (courtesy of Dr. Dino Ardino, La Casa del and washed again with 10 mM PB before addition of the radiolabeled

Caffé s.a.s, Florence, ltaly). The roasting process is controlled accordingPacteria as above. After incubation at 32 on a Mini Drum Roller
to weight loss, due to vapor formation and cell (silverskin particles) (Wheaton) at 20 rpm, HA beads were washed and transferred te-Pico
loss. The weight loss was9% for light-roasted samples (100—180 Fluor 15 scmtnlgnon_ﬂ_wd (Packard Instrume_nt_s C_o.,). Samples were
°C, 19-20 min), 12% for medium-roasted samples (90°C, 19— assayed for r_aFjloactMty with an L5 1801 scintillation counter (Beck-
20 min), and 17% for dark-roasted samples 200°C, 19-20 min) man); the efficiency of cell labeling was used to evaluate the nqmber
(22). The coffee beans were then ground in a laboratory-scale mill and ©f bacteria adsorbed to HA. Each point of the reported result is the
sieved through a no. 30 sieve. Coffee solutions were prepared usingmeani standard deviation from trl_pllcate_ determinations of_ three
the brewed coffee procedure. Six grams of ground green and roasteo_oln‘ferent samples. Controls for bacteria se_ttllng due to aggregation were
coffee samples was boiled for 10 min in 100 mL of Millipore grade included; the amount of settled bacteria was alwayk% of the
water. The solutions were then filtered on Millipore membranes of inoculum.
cellulose acetate/cellulose nitrate mixed esters (2m% and the pH Statistical Analysis. Values represent means of three replications.
value of each sample was immediately measured. The pH values rangedata were analyzed by analysis of variance (ANOVA) and multifactor
from 5.77 to 5.95. Commercial coffees were purchased in a local analysis of variance (MANOVA) with the statistical package Stat-
supermarket. Ground coffees were prepared as above, and instangrap_hlcs Plus (1998). Means were separated with the LSD method at
coffees (2.5 g) were prepared using boiling Millipore grade water (100 confidence levels of 99 and 95% (ANOVA) and 95% (MANOVA).
mL). The obtained beverages were filtered as reported above.
Standard Solution Preparation. Caffeine anhydrous, trigonelline

hydrochloride, nicotinic acid, and chlorogenic acid were dissolved alone . . .
or in mixture in distilled water at the concentrations (% wiv) reported 1 N€ inhibitory activity OT the solution of a number of coffee
in Table 3. The pH value of each sample was measured. samples against. mutansability to absorb to HA beads was

Dialysis. Dialysis was performed using a Spectra/Por Biotech determined.

RESULTS AND DISCUSSION

cellulose ester membrane with molecular weight cutoffs of 3500 and
1000 Da. A 10 mL aliquot of coffee solution obtained from instant
coffee (sample BTable 2) was fractionated with a 3500 Da cutoff

The coffee solution activities were expressed as a percentage
of inhibitory activity (IA%) of the microrganism adsorption
ability in the presence or absence of the coffee solutions. The

membrane in 1000 mL of distilled water for 24 h at@. The dialysate
(MW = 3500 Da) was newly fractionated with a 1000 Da cutoff * -ncantrations 10 times lower than the MIC.

membrane in the same conditions. All of the obtained retentates and T | C bi dt les of. robust
dialysates were brought to the initial volume of the coffee solution to WO Samples ok. arabicaand two samples oL. robusta

be tested for the determination of the pH and the antiadhesive activity oM different countries were analyzed. _
or to be newly submitted to dialysis. Chlorogenic acid (M¥\854.3) Each sample was analyzed at four different degrees of roasting
and cyanocobalamin (M 1355.4) were used as standard molecular (green and light-, medium-, and dark-roasted). In the first set
weight markers. of experiments bacteria and coffee samples were added simul-

Bacterial Strains, Media, and Buffers S. mutanstrains 910215~ taneously to saliva-coated HA beads treated with buffer. As
17) and ATCC 25923 were used in this study. Bacteria were cultured reported inTable 1, all of the tested samples inhibit& mutans
in either Todd Hewitt broth (THB) or Mitis Salivarius agar (Difco adsorption and showed 1A% ranging from 40.5 to 98.1%. All
Laboratories, Detroit, M) at 37C in the presence of 5% GOTo green coffee samples were significantty < 0.01) less active
radiolabel the bacteria, streptococci were grown in THB containing 10 .

than the corresponding roasted coffees.

uCi of [methyl?H]thymidine (25 Ci mmot?) mL™1. Cells were L ! . .
harvested at midexponential phase by centrifugation (88010 min Similar expenment; were performed by treating sallval-(.:oated
at 4°C) and rinsed twice with an equal volume of 10 mM potassium HA beads with the different coffee samples before addition of
phosphate buffer (PB), pH 7.0. The efficiency of cell labeling varied bacteria. Results reportedTrable 1 show also in this case very
among strains from 300 to 1900 cells/cpm. high IA values for all of the tested coffee solutions (IA% ranging

Evaluation of Coffee Sample Minimal Inhibitory Concentration from 42.8 to 94.7%), but different behaviors depend on coffee
(MIC). MIC was determined with the broth dilution method. The species and the degree of roasti@y.arabicagreen coffees
desired concentration was achieved through the addition of appropriategaye significantly ¢ < 0.01) lower values than all of the
coffee sample volumes to 1 mL of Iso-Sensitest broth (ISB, Oxoid) in ¢ responding roasted coffees. The roasted coffee 1A% decreases
15 x 150 mm test tubes. Overnight cultures, diluted with sterile broth, as the degree of roasting increases, but significant differences
were added to the test tubes to bring inoculum size-i®4—105 . ’

were found only between light- and dark-roasted coffg@es (

colony-forming units (CFU) mt™. The MIC value was evaluated, after 8
18 h of incubation at 37C, as the lowest concentration that completely 0-01).C. robustacoffee values are generally higher than those

inhibited the formation of visible growth. MIC was expressed as Of C. arabicg in particular, green coffee values were much
milligrams per milliter of the ground coffee used to prepare the coffee higher.C. robustaroasted coffee IA values showed the same
(6 mg mL™). behavior as those df. arabica; in fact, the IA mean values

coffee solutions having antibacterial activities were used at
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Table 1. Inhibitory Activity Percentage (IA%) of Coffee of Different Multifactor analysis of variance
Species and Degrees of Roasting on S. mutans’ Adsorption to 95 -
Saliva-Coated HA Beads
S. mutans 9102 adsorption to HA beads 8 F E ]
simultaneous pretreatment X 7 a2 E
addition of coffee? with coffee® S F :'E 1
coffee sample n adsorbed n adsorbed 65 | 3
degree of  bacteria bacteria E ]
species origin roasting  (x10%) £ SD¢ |A%C (x106) £ SD° 1A% ss L h
C. arabica Brazil none 156+230 405 174+211 428 C.arabica . Curobusta
C. arabica Brazil light 11.8+140 661 28+032 908 Species
C. arabica Brazil medium 73+050 728 44+051 855
C. arabica Brazil dark 59+040 781 58+063 80.9 ®F ]
C.arabica Colombia  none 11.0+130 591 152+221 500 r ]
C.arabica Colombia  light 19+009 929 36+043 882 85 | I .
C. arabica Colombia  medium 94+080 651 50+044 836 ° o ]
C.arabica Colombia  dark 05+0.06 981 6.0+0.53 802 S E ]
C. robusta Zaire none 102+0.90 621 34+042 888 s X ]
C.robusta Zaire light 22+0.08 918 18+022 941 65 5 3
C.robusta Zaire medium 40+005 851 20+034 934 1
C. robusta Zaire dark 22+030 918 36043 882 - h
C.robusta Ivory Coast none 135+180 498 1.6+091 947 55 & =
C. robusta  Ivory Coast light 78+060 710 26+032 914 pretreated simultaneous
C.robusta Ivory Coast medium 54+060 799 38+043 875 type of experiment
C. robusta Ivory Coast dark 65+090 758 46+032 849
control 26.7+3.50 30.4£4.20 95 F 3
a Saliva-coated HA beads simultaneously treated with coffee solution.  Saliva- 85 | E E 3
coated HA beads pretreated with coffee solution. ¢ Results represent mean values ° o ]
of three different experiments. 2 75 .
el r -
decrease as the degree of roasting increases, but no significant 65 | -
differences among the IA values given by tBerobustagreen E 3

and/or roasted samples were found. 35
The multifactor analysis of variance was used to evaluate

the contribution due to factors such as coffee species, degree

of roasting, and type of experiment (three classification levels) Figure 1. Multifactor analysis of variance: contribution due to coffee

reflected in all of the IA values given by all of the samples in species, type of experiment, and degree of roasting (three classification

the two different sets of experiment. Both species and type of levels) on IA% given by all of the tested coffee samples.

experiment were statistically significant factors (Figure 1),

whereas degree of roasting had a statistically significant effec

on 1A% only when green and roasted coffees were considered

dark green light medium
degree of roasting

tTable 2. Inhibitory Activity Percentage (IA%) of Different Treated
Commercial Coffees on S. mutans’ Adsorption to HA Beads

(Figure 1). S. mutans 9102
Successively the investigations were extended to three Wnﬁd?g{pég&?nmt%eggf?eea
commercial products submitted to different treatments (ground olodical i p—
H _ H H _ technological n adasorpe
coffee, caffeine-free ground coffee, instant coffee, and caffeine- ., e cofree species \reatment bacteria (x106) + SD°  [A%

free instant coffee) (Table 2). Three samples of ground coffee,

. f . A C. arabica ground 46+05 834

one of Whlch consisted of 100%. arabma(A) and the other caffeine-free ground 26401 90.6

ones of a mixture of coffees of the two species (B and C), were 8 c. arabica, C. robusta ground 3.7+0.1 86.6

analyzed. The experiments were carried out by pretreating the caffeine-free ground 28+03 90.6

saliva-coated HA beads with the coffee solutions. For these . instant 12+01 91

. . C C. arabica, C. robusta ground 29+04 89.5

samples, also, very high 1A va_llues were registered (range caffeine-free instant 24+01 913

83.4—95.7%). The 100%. arabicaground sample showed an instant 19402 93.1
IA value statistically lower § < 0.05) than those of the other control 21122

ground samples, and this is consistent with the previously
reported data. The obtained results showed that technological @ Saliva-coated HA b_eads pretrealted with coffee solution.  Results represent
treatments have positive effects on the 1A% of coffee and seem ™Mean values of three different experiments.
to indicate that caffeine is not involved in the antiadhesive results obtained showed that all of the considered compounds
properties of coffee solutions. are active, with caffeine giving the lowest values, as had been
To achieve any information about the compounds responsible expected considering the 1A% values given by the commercial
of the tested activity of coffee solutions, the 1A% of standard caffeine-free samples. These data confirm no detectable caffeine
solutions of known coffee components (chlorogenic acid, involvementin the IA% of coffee. These data also indicate that
trigonelline, caffeine, and nicotinic acid) were evaluated. These trigonelline is a very effective inhibitor &. mutansdsorption,
components were tested alone or in mixtures at concentrationswith 1A% ranging from 70.7 to 75.6%, and suggest that this
(Table 3) that mimicC. arabicagreen and dark-roasted coffee compound may have the major responsibility for coffee anti-
brews andC. robustadark-roasted coffee (4), which have adhesive activity. In fact, because high trigonelline 1A values
features close to those of the Mediterranean coffee brews. Thewere found at even the lower concentration tested, its activity
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Table 3. Inhibitory Activity Percentage (IA%) of Coffee Components |
Present in either Green or Roasted Coffee on S. mutans’ Adsorption
to HA Beads v

Dialysis
S. mutans 9102 Cut-off 3500 Da

adsorption to HA beads

Brew coffee |

with pretreatment with coffee? » ~a
coffee compound concn % n adsorbed Dialysate Retentate
. i 6 b 0,
and mixture (whv) pH bacteria (x10°) + SD |1A% MW<3500 Da MW>3500 Da
chlorogenic acid 2.400 3.05 154+18 46.3
0.720 3.99 189+2.0 341 ¢
trigonelline 0.900 3.39 8.4+09 70.7 " Dialysis
0.420 3.52 7.0+0.6 75.6 Cut-off 1000 Da
caffeine 0.900 6.42 252+19 12.2
nicotinic acid 0.015 4.26 182+ 1.7 36.6 < o
mixture A° 11.2+13 60.1
chlorogenic acid 2.400 3.25 Dialysate Retentate
trigonelline 0.900
caffeine 0.900 MW<1000 Da 1000<MW<3500 Da
mixture B 9.1+08 68.3 . ) . . .
chlorogenic acid 0.720 402 Figure 2. Scheme of isolation of the antiadhesive coffee components.
trigonelline 0.420
caffeine 0.900 Table 4. Inhibitory Activity Percentage (IA%) of Coffee Fractions
nicotinic acid 0.015 Obtained by Dialysis on S. mutans’ Adsorption to HA Beads
mixture C® 70x08 75.6
chlorogenic acid 2.400 341 S. mutans 9102
trigonelline 0.900 adsorption to HA beads
caffeine 0.900 with pretreatment with coffee®
nicotinic acid 0.015
control 287+31 n adsorbed
sample pH mg/mL2 bacteria (x10%) + SD¢  IA%¢
2 Saliva-coated HA beads pretreated with coffee solution. ® Results represent brewed coffee 516 1170 21+09 93.0
mean values of three different experiments. ¢ Mixture A mimics a green C. arabica retentate (MW > 3500 Da) 502 280 223+20 25.7
sample. ¢ Mixture B mimics a dark roasted C. arabica sample. & Mixture C mimics dialysate (MW < 3500 Da) 6.01 835 9.8+ 10 67.3
a dark roasted C. robusta sample. retentate (3500 < MW < 1000 Da) 5.69  4.98 176+16 413
dialysate (MW < 1000 Da) 726 316 134+11 55.3
control 300+32

may also be important in roasted coffee, in which trigonelline

IS In part Qestroyed to give nicotinic acid. It must be.pc.)'me‘j a Milligrams of dry residue per millliter of coffee solution. ® Saliva-coated HA

out that trigonelline when alone showed an activity similar to peads pretreated with coffee solution. © Results represent mean values of three

or even higher than that of the whole tested mixtures, suggestingdifferent experiments. ¢ Percentage of inhibitory activity.

negative interactions among the tested compounds. Nicotinic

acid, which showed an 1A% of 36.6, seems to be a very highly on standards, alone or in mixtures as occurring in green and
active component considering the very low concentration at gark-roasted coffee, and the data obtained from the dialysis
which it was tested in comparison to the other compounds. The given by roasted coffee fractions with lower and higher MW
highest activities, shown by the mixtures corresponding to dark- than 1000 Da also seem to indicate that the lower MW coffee
roasted coffees, indicated that nicotinic acid may give & melanoidins give a significant contribution to the activity of
significant contribution to the roasted coffee activity. The lower the coffee solutions.

values given _by the mixtures in comparison to coffee solutu_)ns Although the mechanism by which coffee compounds inhibit
seem to indicate that other compounds in coffee possibly 5 mytans'adsorption to HA beads was not investigated, the
contribute to its 1A%. results obtained with coffee-pretreated HA beads suggest that

To verify the possibility that coffee melanoidins, which ar% coffee active molecules may adsorb to host surfaces, preventing
generated during the roasting process, contribute to coffee 1A%, he 1ot receptor from interacting with bacterial adhesins. In

the coffee solution components were fractionated using a dialysispg study coffee effects 0. mutans’sucrose-independent
membrane with cutoffs of 3500 and 1000 D¥édure 2). The  j4sorption was analyzed; preliminary results show that the same
obtained resultsTiable 4) showed that strong activity is due to compounds are also active on sucrose-dependent interactions,

the MW < 1000 Da components (A% 55.3%), which include \yhich suggests that coffee may act in preventing both reversible
the standard compounds tested. Nevertheless, considerablgpq irreversibleS. mutansadherence to solid surfaces.

activity is presented also by the components with 18001W
< 3500 Da (IA%= 41.3%), which are commonly considered
as lower MW coffee melanoidins. Higher MW coffee melanoi-
dins (MW > 3500 Da) were shown to be scarcely active as
expected by the lower 1A% of the dark-roasted coffee samples.
In conclusion, the results presented in this paper show
antiadhesive properties of coffee solutions that possess high 1A%
against the ability oS. mutango adsorb to saliva-coated HA
beads, at least in the applied experimental conditions. Most of
such activity may be due to small molecules occurring naturally (1) Nicoli, M. C.; Anese, M.; Parpinel, M. T.; Franceschi, S.; Lerici,
in coffee (chlorogenic acid and trigonelline) or induced by C. R. Loss and/or formation of antioxidants during food
roasting (nicotinic acid). The results of the assays carried out processing and storag€ancer Lett.1997,114, 7+-74.

In the absence of animal model data, caution is advised in
the interpretation of the in vivo significance of our present
findings. Nevertheless, we can hypothesise that due to both
antibacterial (4,5) and antiadhesive activity, coffee could
minimize S. mutans’colonization of tooth surface and might
be effective in preventin®. mutans-induced tooth decay.
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