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A rapid plate reader based method examining the antimicrobial activity of both model and food melanoi-
dins (coffee, beer, sweet wine) is described. Antimicrobial activity against Escherichia coli and Staphylococ-
cus aureus is evaluated as area under the growth curve compared to a control. Method was settled for an
aqueous melanoidin concentration of 2 mg/ml inoculated to 106 cfu/ml culture. All tested model and food
melanoidins exerted antimicrobial activity in some extent, but inhibition was significantly higher over
S. aureus (Gram-positive) than E. coli (Gram-negative). Antimicrobial activity can be further quantified
by expressing it as OTEV (oxytetracyclin equivalent value, lg/l) which could serve to compare the results
obtained within different laboratories, methodologies and/or compounds. Results indicate that both
strains have different sensitivity against the presence of melanoidins and probably different mechanism
of inhibition. Procedure can be used for a rapid screening of the potential antimicrobial properties of mel-
anoidins, and subsequently to Maillard reaction products as well, against pathogenic strains in order to
isolated substances with biological activity.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

An important reaction in thermally treated foods is the Maillard
reaction, which takes place between the amino group of a free or
protein-bound amino acid and reducing sugars (Ames, 1992, Chap.
4). Variables such as the reaction conditions (e.g., heating time and
temperature), physico-chemical properties of the system (e.g.,
water activity or pH), chemical composition and nature of reagents
can affect the kinetics of the reaction and this lead to the formation
of a myriad of Maillard reaction products (MRP) with different
chemical structure and, likely, different biological properties
(Ames, 1992, Chap. 4; Einarsson, Snjgg, & Eriksson, 1983; Somoza,
2005). The high molecular weight compounds formed in the last
stage of the Maillard reaction are called melanoidins. Melanoidins
are widely distributed in foods and could exert different in vitro
functional properties such as antioxidant (Delgado-Andrade, Ruf-
ián-Henares, & Morales, 2005; Morales & Jiménez-Pérez, 2004),
antihypertensive (Rufián-Henares & Morales, 2007), metal-binding
activity (Morales, Fernandez-Fraguas, & Jiménez-Pérez, 2005), anti-
microbial (Rufián-Henares & Morales, 2006) and prebiotic (Borrelli,
Esposito, Napolitano, Ritieni, & Fogliano, 2004). In recent years,
several studies have been mainly focused in the effect of melanoi-
dins on the human diet and their possible nutritional, biological
ll rights reserved.
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and health implications (Ames, Wynne, Hofmann, Plos, & Gibson,
1999; Faist & Erbersdobler, 2001).

Chemical structure of melanoidins has not been completely elu-
cidated, but, in the last few years, more data became available. In
particular, it was shown that they can have a different structure
according to the different starting material and behave as anionic
material: in some cases they are mainly formed by a carbohydrate
skeleton with few unsaturated rings and a small nitrogen compo-
nent, in other cases they can have a protein structure linked to
small chromophores or phenolic residues (Bekedam, De Laat,
Schols, Van Boekel, & Smit, 2007; Cämmerer & Kroh, 1995; Mor-
ales, 2002; Nunes & Coimbra, 2007).

Antimicrobial activity of MRPS has been previously studied in
model systems (Stecchini et al. (1991)) and coffee (Daglia, Cuzzoni,
& Dacarro, 1994) but specific studies on antimicrobial activity of
melanoidins are scare. Some investigations highlight the role of
melanoidins in vivo since melanoidins escape digestion and pass
through the upper gastrointestinal tract (Faist & Erbersdobler,
2001) and then can interact with the different microbial species
present in the hindgut (Finot & Magnenat, 1981). Recently Borrelli
and Fogliano (2005) have shown that bread crust melanoidins can
be metabolized/fermented by the human hindgut microflora and
that these melanoidins selectively enhance the growth of bifido-
bacteria, which are desirable bacteria in the gut due to their
health-promoting properties. On the other hand melanoidins have
been demonstrated to develop antimicrobial activity (Rufián-Hen-
ares & Morales, 2006) which could complement the prebiotic effect
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if this inhibition of the bacterial growth could be exerted over
pathogenic bacteria.

The methods used for the screening of food antimicrobials may
be divided into endpoint and descriptive methods (Skyttä & Matti-
laSandholm, 1991). The most widely used endpoint method is the
agar diffusion assay although its limitations are generally recog-
nized. Since the size of the inhibition zone is dependent upon the
rate of diffusion (Davidson & Parish, 1989) misleading results
may be obtained if the agent to be tested is hydrophobic and will
not diffuse into the agar. Furthermore, the end point methods scar-
cely provide information of the effects of the compounds on the
growth kinetics of the microorganisms. In descriptive tests sam-
pling or automated recording of microbial growth is carried out
at timed intervals. Consequently, one can evaluate the effects of
an antimicrobial over a longer period of time owing to the kinetic
recording of results. Various growth curve parameters can be used
to describe the inhibitory effects. The extension of the lag phase is
probably the most widely used parameter. It has been shown that
in a food system, even a slight delay of a lag phase may have an
important influence on its shelf life. Other parameters, such as
end-absorbance (Mattila, 1987), slope, which is a gradient of the
exponential growth phase (Adams & Hall, 1988), and area under
the growth curve have also been used (Borrelli & Fogliano, 2005;
MattilaSandholm, 1989). The latter was considered to be the best
descriptor of overall inhibitory effect since it covers the entire
growth period instead of referring to single points of time. Contin-
uous monitoring offers an even more important advantage over the
agar diffusion test in that the inhibition of growth can be detected
as soon as the measured parameter deviates significantly from
uninhibited control.

In a previous study, a first approximation to assess the antimi-
crobial activity of melanoidins was evaluated by a generic gram-
positive thermophilic bacterium (Geobacillus stearothermophilus
var. calidolactis) as a very efficient discriminate test (Rufian-Hen-
ares & Morales, 2007). But former approach had not a direct appli-
cation to strains of interest in Food Science and Technology
although is useful for a rapid evaluation of the potential antimicro-
bial activity. In this sense, the aim of current investigation was to
study the effect of model and food melanoidins on the growth of
some selected pathogenic organism (Escherichia coli and Staphylo-
coccus aureus) by a rapid plate-based assay. Antimicrobial activity
is evaluated as area under the growth curve as compared to a con-
trol. In addition, results are also expressed as Oxytetracyclin equiv-
alent concentration.
2. Materials and methods

2.1. Chemicals

Oxytetracyclin, Penicillin G, alanine, arginine, cysteine, histi-
dine, lysine, methionine, tyrosine, tryptophane, phenylalanine
and glucose were from Sigma (St. Louis, MO, USA) and dichloro-
methane from Panreac (Barcelona, Spain). Bacteriological growth
media, brain heart infusion broth (BHI) and brain heart infusion
agar were from Oxoid (Basingstoke, UK). The bacterial strains used
for the antimicrobial assay were E. coli American Type Culture Col-
lection (ATCC) 11775 and S. aureus subsp. aureus (ATCC 6538P).
The assay organisms were stored frozen at �80 �C in medium con-
taining 25% glycerol.

2.2. Commercial Samples

Filtered coffee brew was produced from roasted coffee beans at
two different roasting degrees: light (14.5% roasting loss) and med-
ium (16.2% of roasting loss). Coffee brew was lyophilised and
stored at –80 �C until analysis. Three widely distributed commer-
cial brands of beer in Europe with different elaboration procedures
were selected. A Pilsner-style beer from a Spanish brewery, an Ab-
beys-style beer from a Belgian brewery and a dry-stout beer from
an Irish brewery were used. A widely consumed Spanish sweet
wine, ‘‘Pedro Ximenez”, was also used. This Spanish sweet wine
is elaborated from dry-grapes by a process called ‘‘Soleo”.

2.3. Ultrafiltration

The ultrafiltration cell was an Amicon model 8400 (Millipore,
Bedford, MA, USA) equipped with a 10,000 Da nominal molecular
mass cut-off membrane (YM-10, Millipore). Bacteriological growth
media were autoclaved before use and melanoidins and related
fractions re-dissolved in sterile water. The microplate reader (Syn-
ergy-HT multimode) used for the turbidity measurement was from
BioTek Instruments (VT, USA). Sterile flat-bottomed 96-well micro-
plates were from Greiner (Frickenhausen, Germany).

2.4. Preparation of melanoidins from model systems

Nine water-soluble melanoidins were obtained from aqueous
Maillard reaction model systems prepared from a combination of
glucose and an amino acid such as alanine (A), arginine (R), cys-
teine (C), histidine (H), lysine (K), methionine (M), tyrosine (Y),
tryptophane (T) and phenylalanine (P). Water-soluble melanoidins
were isolated from model systems as described previously by
ultrafiltration (Rufián-Henares & Morales, 2007). Briefly, an aliquot
of each model system was subjected to ultrafiltration, using an
Amicon ultrafiltration cell model 8400 (Amicon, Beverly, MA,
USA), equipped with a 10,000 Da nominal molecular mass cut-off
membrane. The retentate was filled up to 200 ml with water and
washed again. Washing step (diafiltration) was repeated at least
three times. The high molecular weight fraction corresponding to
melanoidins was freeze-dried and stored in a dessicator at 4 �C un-
til analysis. Two letters, first related to the sugar (G for glucose)
identified melanoidins (M) isolated from model systems, and the
second letter was related to the amino acid. The model named
MGK referred to the melanoidin isolated from the glucose and ly-
sine model system.

2.5. Preparation of water-soluble melanoidins from foods

Coffees: Lyophilised coffee brew (1 g) was resuspended in
100 ml of hot water (50–60 �C) and the aqueous solutions obtained
were then filtered (filter paper no 40, Whatman, UK) and de-fatted
with dichloromethane (2 � 200 ml). An aliquot of the coffee brews
was subjected to ultrafiltration as stated above for melanoidins
from model systems. Two melanoidins samples were obtained
and named as MLC (light roasting conditions) and MMC (medium
roasting conditions).

Beer and wine: Beer and sweet wine melanoidins were prepared
in a similar way than coffee ones. In this case 100 ml of beer or
sweet wine where mixed with 100 ml of water, the solutions ob-
tained where filtered, treated with dichloromethane and finally
ultrafiltered to isolate the melanoidin fraction. Four melanoidins
samples were obtained; MSW (sweet wine), MLB (lager beer),
MTB (Abbey-style beer), MSB (stout beer).

2.6. Antimicrobial assay

The influence of different concentrations of melanoidins on the
growth of E. coli and S. aureus was determined by the microtiter
plate method as described by Skyttä and Mattilasandholm
(1991). Overnight suspensions of E. coli or S. aureus were growth
at 37 �C in BHI until a concentration of 109 colony forming units
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Fig. 1. Growth plot of S. aureus (a) and E. coli (b) at different inoculum concen-
trations and recorded at 600 nm (37 �C).
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(cfu)/ml was reached. Culture of bacteria were diluted 1/1000 in
fresh broth used to culture them prior to each experiment to
approximately 106 cfu/ml. Based on their routine growth charac-
teristics, bacterial strains were diluted to optical densities
(600 nm) of 1.480 ± 0.020 and 1.150 ± 0.015 for S. aureus and E. coli,
respectively. Then 250 ll of bacterial cells suspensions were inoc-
ulated into a sterile 96-well microplate. Model and food melanoi-
dins were resuspended in sterile distilled water at a
concentration of 2 mg/ml and filtered by means of a Millipore ster-
ile 0.22 lm filter unit previously to use. Subsequently 50 ll of sam-
ple, sterile distilled water (blank assay) or 100 lg/l solution of
oxytetracyclin (positive control of bacteriostatic activity) were
added. Microbial growth kinetic was recorded on a Synergy-HT
multidetector microplate reader driven by Gen5 reader control
and data analysis software (BioTek Instruments, VT, USA). The
96-well microplates were agitated by the microplate reader for
1 min at 150 rpm and then incubated at 37 ± 1 �C for 24 h. Turbid-
ity was measured as absorbance at 600 nm, and was taken every
5 min. The microplates were shaken for 10 s prior to the measure-
ment to achieve homogeneous suspensions. Each experiment was
performed by triplicate. Method performance was evaluated by
the reproducibility of the lag-phase within days and the maximum
absorbance reached at the steady-state in the blank sample. The
matrix of data was transferred to a spread sheet program and the
growth curves were drawn as averages of three parallel wells.

The area under the curve (AUC) was calculated according to the
equation

AUC ¼ Abs0=Abs0 þ Abs0=Abs5 þ Abs0=Abs10 þ � � � þ Abs0=Absn

Being Abs0 = absorbance at time 0, Abs5 = absorbance at time
5 min, and so forth. However, in order to eliminate the differences
in the AUC corresponding to the different absorbidities of the mel-
anoidins, the initial absorbance of each sample was subtracted to
their following readings, then obtaining the same initial lecture
(equal to the absorbance of the BHI medium at 600 nm). Finally,
the Net AUC was calculated by subtracting the AUC of the blank
sample to the AUC of each melanoidin or positive control.

2.7. Statistical treatment

All of the analyses were performed at least in triplicate. The
Statgraphics v. 5.1 software package was used for statistical analy-
sis. Statistical procedures were performed at a significance level of
95%.
3. Results and discussion

3.1. Method development

The automated recording of microbial growth with microplate
readers is a useful tool to study the behaviour of selected microor-
ganisms in presence of substances with antimicrobial activity (Sky-
ttä & MattilaSandholm, 1991; Mattilasandholm, 1989; Adams &
Hall, 1988). Different curve parameters, like the extension of the
lag phase, end-absorbance, slope and AUC describe that inhibitory
effect. However, the latter has been considered the best descriptor
of overall inhibitory effect (Skyttä & MattilaSandholm, 1991) since
it covers the entire growth period instead of referring to single
points of time, then minimising errors derived from inexact calcu-
lations based on only one point.

Preliminary experiments were performed in order to define the
initial concentration of inoculum of both strains. Ten-fold serial
dilutions with BHI from the overnight culture were made and incu-
bated in the microplate for 24 h at 37 �C. As depicted in Fig. 1 for S.
aureus (a), and E. coli (b), respectively and no growth was observed
for a 104 cfu/ml inoculum. Optical density increase could be mon-
itored after 850 minutes at 105 cfu/ml, whereas for the 106 inocu-
lum only about 125 min lag phase was observed. In this sense and
in order to reduce the time of analysis, to reduce side-contamina-
tions and make it easily automatized, the 106 cfu/ml inoculum was
selected for further studies with both Gram-negative and Gram-
positive strains.

Later on procedure was evaluated in order to be used routinely
for assessing the bioactivity of melanoidins on the growth of E. coli
and S. aureus over time. Melanoidins themselves absorb slightly at
600 nm, which could be a drawback since it could reduce the range
of analysis but concentrations of the studied melanoidins (0.1–
2.0 mg/ml) did not show significant interferences. However a blank
assay was performed for each melanoidin concentration in order to
subtract any residual absorbance, if recorded.

The method was evaluated for linearity, sensitivity and preci-
sion for both strains. A standard calibration curve of oxytetracyclin
was made by increasing concentrations from 1 to 15 lg/l using the
previously fixed inoculum conditions (106 CFU, 37 �C/24 h). Fig. 2
shows a classical dose-dependent inhibition profile of oxytetracy-
clin of S. aureus. Nowadays, oxytetracyclin is a widely used antibi-
otic with bacteriostatic activity routinely used as control for
inhibition studies (Rufián-Henares & Morales, 2006). Relationship
between net AUC vs. oxytetracyclin concentration was plotted for
both strains and a linear response in the working area was
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obtained (Fig. 3). Where higher oxytetracyclin concentration in the
media, later the microbial growth start. Working area, expressed as
Net-AUC, was estimated up to 130 and 350 for E. coli and S. aureus,
respectively. Experimental results shows that working area could
be much extended for Oxytetracyclin but it is possible some
side-effects at high concentrations of the unknown substance for
testing. Inhibitory activity of target substances which gives Net-
AUC higher than the assigned maximum values will be re-evalu-
ated at a more diluted concentration.

The applicability of the method was tested with two different
melanoidins, one from a model system (MGA) and other from a
food-derived (MSB). In both cases four concentrations – ranging
from 0.2 to 2 mg/ml – were assayed obtaining a linear response
(r2 = 0.9989 and r2 = 0.9958) for MGA and MSB, respectively (Fig.
4). The lowest net AUC, obtained with the 0.2 mg/ml concentration,
were close to 25 AUC, which is adequate and sensitive enough for
the measurement of potential inhibitory actions of melanoidins
over the microbiological growth. A linear dose-response activity
was obtained for both melanoidins against Gram-negative and
Gram-positive microbial inhibition. As depicted in Fig. 4 a higher
slope is obtained when the antimicrobial activity (stated as higher
AUC values for the same melanoidin concentration) was stronger.
In this sense, the 2 mg/ml concentration was selected for the rest
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Fig. 3. Inhibition of growth for S. aureus (solid box) and E. coli (empty box) at
different concentrations of Oxytetracyclin, expressed as Net-AUC.
of the analysis because of it permits a better differentiation be-
tween the antimicrobial activities of the tested melanoidins. In
addition, range of concentration used for melanoidins just prolong
the lag-phase but did not affect to the maximum growth rate and
final concentration of bacteria was not much affected as described
by Einarsson et al. (1983) and Lanciotti, Anese, Sinigaglia, Severini,
and Massini (1999). Finally, the reproducibility, expressed as coef-
ficient of variation (CV; n = 10) was assayed with the same sample
MSB. The intra-day variation was 2.3% and the inter-day coefficient
of variation was 3.5% for a mean net AUC value of 173.1.

3.2. Antimicrobial activity of melanoidins

The proposed method for measuring the antimicrobial activity
was applied to different melanoidins isolated from model systems
and foods. All the melanoidins investigated exerted a bacteriostatic
activity over S. aureus and E. coli in somewhat extent. Similar re-
sults have been previously reported in model systems by Einarsson
et al. (1983), Lanciotti et al. (1999), and by our own previous re-
search (Rufián-Henares & Morales, 2006) by using a test for screen-
ing the non-specific antimicrobial activity (against Geobacillus
stearothermophilus var. calidolactis) of Maillard reaction derived
compounds.

Bioactivity of melanoidins can be quantified by using the Net-
AUC value, inhibition time and OTEV value. Results are summa-
rised in Table 1 for melanoidins isolated from model systems.
Table 1
Antimicrobial activity of melanoidins (2 mg/ml) obtained from model systems

Melanoidin S. aureus E. coli

ITa Net AUCb OTEVc IT Net AUC OTEV

MGA 1770 277.0 31.4 ± 2.1a 365 52.3 6.0 ± 0.4a

MGC 565 74.9 8.5 ± 0.9b 465 69.7 7.9 ± 0.3b

MGH 1170 165.1 18.7 ± 1.4c 320 45.3 5.2 ± 0.4a

MGK 775 95.7 10.9 ± 1.0d 595 87.1 9.9 ± 0.6c

MGM 1705 263.4 29.9 ± 2.0a 485 72.6 8.3 ± 0.4b

MGP 1075 155.4 17.6 ± 1.6c 705 103.1 11.7 ± 0.6d

MGQ 540 67.9 7.7 ± 0.6b 415 59.8 6.8 ± 0.5a

MGR 1460 216.2 24.5 ± 2.0e 455 67.0 7.6 ± 0.4b

MGT 1265 186.2 21.1 ± 1.9e 1415 229.0 26.0 ± 1.1e

MGY 1540 231.3 26.3 ± 2.6a,e 355 49.5 5.6 ± 0.3a

Letters indicate statistically significant differences (p < 0.01).
a Inhibition time, expressed in minutes.
b Net area under the curve.
c Oxytetracyclin equivalent value, expressed as lg oxytetracyclin/l.
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Net AUC ranged from 67.9 to 277.0 and from 49.5 to 229.0 for S.
aureus and E. coli, respectively. It is important to highlight that
the melanoidins with the lowest and the highest activities are
not the same for S. aureus and E. coli, indicating that the type of
amino acid plays an important role in the melanoidin formed
and on its antimicrobial activity. In addition, the results shows that
melanoidins exerts a higher antimicrobial activity over S. aureus,
probably because of this is a Gram-positive bacteria whereas E. coli
is a Gram-negative one, which are known to be more resistant to
the action of antibiotics in a general way. These results agree with
those reported by Daglia et al. (1994) and Lanciotti et al. (1999) for
the antimicrobial activity of MRPs from coffee against different
strains as. However different results were obtained by Del Castillo
et al. (2007) for studying the antimicrobial activity of MRPs ob-
tained from a gluten-glucose model systems being Gram-negative
(E. coli ATCC 25922) more susceptible of inhibition than S. aureus
ATCC 25923. However, high molecular weight fraction, which is re-
lated to melanoidins, was clearly responsible for the bacterial
growth inhibition (Skyttä & MattilaSandholm, 1991).

The results are also expressed as oxytetracyclin equivalent va-
lue (OTEV) which is obtained by substituting the Net AUC of the
melanoidin into the standard curve of oxytetracyclin, and then ex-
pressed in lg of oxytetracyclin per liter. This value gives informa-
tion of the activity of every melanoidin at a standardised
concentration compared with a reference bacteriostatic antibiotic.
OTEV value is useful for interlaboratory comparison for the same
methodology and if different approaches are being used. For exam-
ple, the OTEV value of 31.4 obtained for MGA against S. aureus
means that this melanoidin exerts an antimicrobial activity similar
to the one of a 31.4 lg/l solution of oxytetracyclin. An average
OTEV of 21.3 and 8.3 were obtained for S aureus and E. coli, respec-
tively. In the case of S. aureus the most intense activity was for
MGA and MGM, followed by tyrosine, phenylalanine and trypto-
phan (all of them with an OTEV value higher than 20). In contrast,
in the case of E. coli only MGT had a value higher than 20 lg/l
whereas the rest of the values ranged from 5 to 10 lg/l. Finally,
the mean inhibition time (IT), which is the time where the mela-
noidins are able to delay the microbial growth, was also reported.
It is clear the relationship between OTEV and IT: the higher the
OTEV value, the longer the inhibition time (up to 1770 and
1415 minutes for S. aureus and E. coli, respectively).

Because of the successfully application of the method to model
melanoidins, the method was applied to food-derived melanoi-
dins. The results obtained are shown in Table 2. In the case of S.
aureus the net AUC values ranged from 69.4 to 1342.0 for MLB
and MMC, respectively. For this assay the OTEV values ranged
from 7.9 to 152.3 lg/l, with a median value of 17.3. Although this
value is close to the one obtained for model systems (21.1) in fact
the mean antimicrobial activity of food derived melanoidins is
lower because of the activity in MMC is so higher (153.2 lg/l) that
Table 2
Antimicrobial activity of melanoidins (2 mg/ml) obtained from food

Melanoidin S. aureus E. coli

ITa Net AUCb OTEVc IT Net AUC OTEV

MSW 890 136.5 15.5 455 63.7 7.3
MLB 475 69.4 7.9 ± 0.2a 365 50.8 5.8 ± 0.3a

MTB 520 79.7 9.1 ± 0.8b 475 66.3 7.5 ± 0.3b

MSB 1100 173.1 19.7 ± 1.3c 565 78.6 8.9 ± 0.5c

MMC 8315 1343.0 152.3 ± 2.6a 540 74.5 8.5 ± 0.5a

MLC 525 79.7 9.1 ± 1.0b 425 59.0 6.7 ± 0.3b

Letters indicate statistically significant differences (p < 0.01) for different types of
beer and coffee.

a Inhibition time, expressed in minutes.
b Net area under the curve.
c Oxytetracyclin equivalent value, expressed as lg oxytetracyclin/l.
produce a bias in the median value (which is of 15.5 is the MMC
value is omitted). In the case of E. coli the values, of both net
AUC and OTEV, where lower than those obtained for S. aureus as
stated previously for model systems. The OTEV values ranged from
8.9 to 5.8 with a median value of 7.4 lg/l, which was very close to
the results of model systems derived melanoidins. In the case of
the inhibition time, it was clearly lower for E. coli (a mean IT of
500 min) whereas for S. aureus was longer for many food melanoi-
dins. It is noteworthy to underline that MMC melanoidin was able
to delay the S. aureus growth during the fixed time for incubation,
and then a prolonged period was programmed in the microplate
reader a serial dilution was applied to MMC. In this sense it was
found that this melanoidin could delay the microbial growth up
to 8315 min, which was the highest time found in the melanoidins
studied.

There were statistically significant differences (p < 0.01) be-
tween the different melanoidins of the same type of food in the
case of both S. aureus and E. coli. In addition, as reported previously
(Rufián-Henares & Morales, 2006) melanoidins isolated from more
severely treated samples, such as MMC and MSB, exerted higher
inhibitory bacterial growing activity for both S. aureus and E. coli.
Results are in line with Daglia et al. (1994) which reported that
the antibacterial activity of coffee depends on the degree of roast-
ing and not related to the procedure to obtain the coffee beverage.
Murata, Nakajima, and Homma (1995) also reported on the inhibi-
tion of S. mutans and S. sobrinus by dark beer.

In our samples, there was a very important increase in the anti-
microbial activity with the roasting degree of coffees, from an
OTEV of 9.1 for light roasting to 152.3 for medium roasting, in
the case of S. aureus whereas in the case of E. coli that increase
was lower, although statistically significant. A similar behaviour
was observed for beer melanoidins, showing the black beer a high-
er activity (OTEV of 19.7) than that obtained for lager beer (OTEV of
7.9). The antimicrobial activity of MSW, MTB, MSB melanoidins
was much lower than MMC melanoidin for S. aureus but, in the
case of E. coli these differences where quite lower resulting in sim-
ilar values for MSB and MMC.

A number of studies have shown that MRPs themselves are
inhibitory to the growth of micro-organisms (Einarsson et al.,
1983; Rufián-Henares & Morales, 2006; Del Castillo et al., 2007;
Lanciotti et al., 1999; Mattilasandholm, 1989). Einarsson et al.
1983 measured the antimicrobial activity of arginine–xylose and
histidine–glucose Maillard reaction mixtures. They fractionated
the model systems by dialysis (molecular cut-off at 1000 Da) and
found that the high molecular weight fraction exerted a higher
antimicrobial activity than the low molecular weight one. This
authors stated that the high molecular weight fraction (melanoi-
dins principally) could develop its antimicrobial action by binding
essential metals like iron, which is essential for growth and sur-
vival of pathogenic bacteria. In addition other authors referred
the antimicrobial activity of Maillard reaction compounds to inter-
ference with the uptake of serine, glucose, and oxygen (Einarsson,
1987), to inhibit the sugar catabolising enzymes of microorganisms
(Lanciotti et al., 1999) or their potential antioxidant activity (Mat-
tilasandholm, 1989). However, the exact mechanism by which
melanoidins or MRPs affect the bacteria growth is not know and
this investigation will provide of a reliable and fast approach for
screening of bioactivity of MRPs towards different target microbial.

In conclusion, considering that S. aureus and E. coli are food-deg-
radative microorganisms and pathogens for human beings, the re-
sults reported here are of particular relevance to food. It is difficult
to correlate the antimicrobial activity of melanoidins against path-
ogenic microorganisms to their structure because it is unknown.
However, these results are important to describe the antimicrobial
activity expected by melanoidins in a food or model system by a
single and easily automatised test.



1074 J.A. Rufián-Henares, F.J. Morales / Food Chemistry 111 (2008) 1069–1074
Acknowledgements

This research was supported by a postdoctoral Grant from Con-
sejería de Educación y Ciencia – Junta de Andalucía – and by the
Spanish Ministry of Education ad Science under project AGL2005-
01735. We are also indebted to D. Gómez, and E. Berciano for their
technical assistance.

References

Adams, M. R., & Hall, C. J. (1988). Growth inhibition of food-borne pathogens by
lactic and acetic acids and their mixtures. International Journal of Food
Microbiology, 23, 287–292.

Ames, J. M. (1992). The Maillard reaction. In B. J. F. Hudson (Ed.), Biochemistry of
Food Proteins, Vol. 4 (pp. 99–153). London.

Ames, J. M., Wynne, A., Hofmann, A., Plos, S., & Gibson, G. R. (1999). The effect of a
model melanoidin mixture on faecal bacterial populations in vitro. British
Journal of Nutrition, 82, 489–495.

Bekedam, E. K., De Laat, M. P. F. C., Schols, H. A., Van Boekel, M. A. J. S., & Smit, G.
(2007). Arabinogalactan proteins are incorporate in negatively charged coffee
brew melanoidins. Journal of Agricultural and Food Chemistry, 55, 761–768.

Borrelli, R. C., Esposito, F., Napolitano, A., Ritieni, A., & Fogliano, V. (2004).
Characterization of a new potential functional ingredient: Coffee silverskin.
Journal of Agricultural and Food Chemistry, 52, 1338–1343.

Borrelli, R. C., & Fogliano, V. (2005). Bread crust melanoidins as potential prebiotic
ingredients. Molecular Nutrition and Food Research, 49, 673–678.

Cämmerer, B., & Kroh, L. W. (1995). Investigation of the influence of the reaction
conditions on the elementary composition of melanoidins. Food Chemistry, 53,
55–59.

Daglia, M., Cuzzoni, M. T., & Dacarro, C. (1994). Antibacterial activity of coffee.
Journal of Agricultural and Food Chemistry, 42, 2270–2272.

Davidson, P. M., & Parish, M. E. (1989). Methods for testing the efficacy of food
antimicrobials. Food Technology, 43, 148–155.

Del Castillo, M. D., Ferrigno, A., Acampa, I., Borrelli, R. C., Olano, A., Martínez-
Rodríguez, A., & Fogliano, V. (2007). In vitro release of angiotensin-converting
enzyme inhibitors, peroxyl-radical scavengers and antibacterial compounds
by enzymatic hydrolysis of glycated gluten. Journal of Cereal Science, 45,
327–334.

Delgado-Andrade, C., Rufián-Henares, J. A., & Morales, F. J. (2005). Assessing the
antioxidant activity of melanoidins from coffee brews by different antioxidant
methods. Journal of Agricultural and Food Chemistry, 53, 7832–7836.

Einarsson, H. (1987). The effect pH and temperature on the antibacterial effect of
Maillard reaction products. Lebensmittel-Wissenschaft & Technologie, 20, 51–
55.
Einarsson, H., Snjgg, B. G., & Eriksson, C. (1983). Inhibition of bacterial growth by
Maillard reaction products. Journal of Agricultural and Food Chemistry, 31,
1043–1047.

Faist, V., & Erbersdobler, H. F. (2001). Metabolic transit and in vivo effects of
melanoidins and precursors compounds deriving from the Maillard reaction.
Annals of Nutrition and Metabolism, 45, 1–12.

Finot, P. A., & Magnenat, E. (1981). Metabolitic transit of early and advanced
Maillard products. In C. Eriksson (Ed.), Maillard Reactions in Food. Oxford:
Pergamon Press. (pp. 193–207).

Lanciotti, R., Anese, M., Sinigaglia, M., Severini, C., & Massini, R. (1999). Effects of
heated glucose–fructose–glutamic acid solutions on the growth of Bacillus
stearothermophilus. Lebensmittel-Wissenschaft Und-Technologie-Food Science and
Technology, 32, 223–230.

Mattila, T. (1987). A modified Kelsey–Sykes method for testing disinfectants with
2,3,5-triphenyltetrazolium chloride reduction at an indicator of bacterial
growth. Journal of Applied Bacteriology, 62, 551–554.

MattilaSandholm, M. (1989). Antibacterial effect of the glucose oxidase–glucose
system on food-poisoning organisms. International Journal of Food Microbiology,
8, 165–174.

Morales, F. J., Fernandez-Fraguas, C., & Jiménez-Pérez, S. (2005). Iron binding ability
of melanoidins from food and model systems. Food Chemistry, 90, 821–827.

Morales, F. J. (2002). Application of capillary zone electrophoresis to the study of
food and food-model melanoidins. Food Chemistry, 76, 363–369.

Morales, F. J., & Jiménez-Pérez, S. (2004). Peroxyl radical scavenging activity of
melanoidins in aqueous systems. European Food Research and Technology, 218,
515–520.

Murata, M., Nakajima, Y., & Homma, S. (1995). Inhibition of cariogenic glucan
synthesis by dark beer. Lebens–Wissenschaft Technologie, 28, 201–207.

Nunes, F. M., & Coimbra, M. A. (2007). Melanoidins from coffee infusions. Fraction,
chemical characterization, and effect of the degree of roast. Journal of
Agricultural and Food Chemistry, 55, 3967–3977.

Rufian-Henares, J. A., & Morales, F. J. (2007). Antimicrobial activity of melanoidins.
Journal of Food Quality, 30, 160–168.

Rufián-Henares, J. A., & Morales, F. J. (2006). A new application of a commercial
microtiter plate-based assay for assessing the antimicrobial activity of Maillard
reaction products. Food Research International, 39, 33–39.

Rufián-Henares, J. A., & Morales, F. J. (2007). Angiotensin-I converting enzyme
inhibitory activity of coffee melanoidins. Journal of Agricultural and Food
Chemistry, 55, 1480–1485.

Skyttä, E., & MattilaSandholm, T. (1991). A quantitative method for assessing
bacteriocins and other food antimicrobials by automated turbidometry. Journal
of Microbiological Methods, 14, 77–88.

Somoza, V. (2005). Five years of research on health risks and benefits of Maillard
reaction products: An update. Molecular Nutrition Food Research, 49, 663–672.

Stecchini, M. L., Giavedoni, P., Sarais, I., & Lerici, C. R. (1991). Effect of Maillard
reaction products on the growth of selected food-poisoning micro-organism.
Letters in Applied Microbiology, 13, 93–96.


	Microtiter plate-based assay for screening antimicrobial activity of melanoidins against E. coli and S. aureus
	Introduction
	Materials and methods
	Chemicals
	Commercial Samples
	Ultrafiltration
	Preparation of melanoidins from model systems
	Preparation of water-soluble melanoidins from foods
	Antimicrobial assay
	Statistical treatment

	Results and discussion
	Method development
	Antimicrobial activity of melanoidins

	Acknowledgements
	References


