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ARTICLE INFO ABSTRACT

Keywords: The inhibition exerted by ethanolic extracts of coffee mucilage on the growth of bacteria was studied by
Coff(?e microdilution in agar. The growth inhibition effect was evaluated for pathogenic or food spoilage related bacteria
Muc'llage (Pseudomonas aeruginosa (ATCC 27853), Alcaligenes sp. (UCR277), Serratia sp. (UCR299), Micrococcus luteus
ﬁ:’:ﬂfmffn’;waemgmm (ATCC4698), Escherichia coli (ATCC35150), Staphylococcus aureus (ATCC25923), Bacillus cereus (ATCC14579),
Alcaligenes sp. Salmonella enterica subsp. enterica (ATCC 13311) and Listeria monocytogenes (SLCC4013)) and for bacteria
Serratia sp. associated with human intestinal biota (Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus rhamnosus,
Micrococcus luteus Lactiplantibacillus plantarum subsp. plantarum). The most effective growth inhibition was observed for B. cereus
Escherichia coli (ATCC14579). The content of chlorogenic acid and caffeine in the ethanolic extracts was quantified by HPLC/

DAD. The chlorogenic acid content in the extracts ranged from 2.67 to 4.76 mg/ml, while the caffeine content

Staphylococcus aureus
Salmonella enterica ranged from 1.24 to 6.48 mg/ml. Although ethanolic extracts of coffee berry mucilage inhibited the growth of

Listeria monocytogenes

B. cereus, this inhibition does not seem to be related to the caffeine or chlorogenic acid contents.

1. Introduction

The development of natural preservatives with antimicrobial activity
against a broad spectrum of microorganisms has gained importance.
Some authors have studied promising plant or animal materials to
develop natural antimicrobials considering their bioactive compound
profile. Promising antimicrobial activities have been reported for the
skin mucus of Puntius sophore from brackish freshwater fish [1], for
bioactive metabolites of the fern Adiantum philippense [2] and for the oil
extracted from Thymus plants (Thymus musilii Velen) [3]. Also, several
authors have evaluated the antimicrobial activities of extracts derived
from agricultural wastes [4-6]. After assessing various agricultural
wastes, the antimicrobial effect on meat products of extracts derived
from grape, jaboticaba and Opuntia sp. was highlighted [7].

Losses and residues of fruits and vegetables can reach 60%, while
processing produces about 25-30% of by-products. These residues are
mainly constituted by seeds, skin and pomace, which contain valuable
amounts of bioactive compounds that can have industrial uses in the
food industry, but also in the health industry for drugs and pharma-
ceuticals [8]. Coffee, in economic terms, is one of the agricultural

products with the highest value added. In November March 2022, 11.79
million 60 kg bags of coffee were exported worldwide [9] which was an
increase of 2.6% over the same month of the previous year. This product
is the second most important, after oil [10], generating close to 10
billion dollars a year [11]. Globally, large quantities of coffee are pro-
duced and consumed, but in addition to the economic benefits in the
markets, there are significant negative environmental effects related to
coffee bean processing [12].

Considering the increasing global consumption of coffee, the amount
of waste generated during processing has become a relevant issue in
recent years. Coffee industries are looking for alternatives to valorize by-
products to increase the sustainability of the process, not only with an
ecological approach, but also as an opportunity to create new jobs and
increase their economic income. The different by-products of coffee
processing are rich in bioactive compounds with potential application in
the pharmaceutical, food and cosmetic industries [13,14]. Chlorogenic
acids constitute one of these compounds with great potential. These are
found in different parts of the coffee fruit and have been the subject of
multiple investigations since they appear to be beneficial to humans due
to their antioxidant, hypoglycemic, antiviral, hepatoprotective and
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nutraceutical capacities, among others [13]. Chlorogenic acids are not
only present in the coffee beverage, roasted or green, but also the resi-
dues produced during bean processing contain different amounts of
chlorogenic acid along with other phenolic compounds. According to
Ramirez-Martinez et al. [15], chlorogenic acids account for about 42.2%
of the total phenolic compounds in fresh coffee pulp. More recent ana-
lyses confirm that 5-O, 4-O and 3-O-Caffeoylquinic acids are constant
components of the pulp and husk of ripe coffee beans [16].

Previous studies reported that chlorogenic acids present in coffee
beverage have the ability to inhibit bacterial growth [17,18]. However,
more research focused on the effect of these compounds on pathogenic
and food spoilage-related microorganisms is still needed. Also, some
studies describe the selective effect of chlorogenic acids and other
phenolic compounds on human gut flora bacteria [19]. So far, studies on
the antimicrobial capacity of coffee polyphenol extracts are still scarce
and their industrial application is limited. Coffee mucilage, used in this
study, is obtained by industrial mechanical separation, and collected
after removal of the pulp and skin of the berries. There are no previous
reports on the antimicrobial activities of ethanolic extracts of this by-
product. Due to the potential of coffee processing by-products, the
objective of this research is to evaluate the antimicrobial properties of
coffee berry mucilage, focusing on the inhibition of the growth of food-
related pathogenic strains, food spoilage-related microorganisms, and
microorganisms associated with human intestinal microbiota.

2. Materials and methods
2.1. Plant material and chemicals

Coffee mucilage was collected in three different Costa Rican coffee
processing sites: (A) located in Tres Rios (9°54'27" N, 83°59'6” O); (B)
located in San Marcos de Tarrazi (9°34'59.07”N, 84°3/53.36” O) and (C)
located in Moravia (10°0'46”"N, 84°1'20” O). At the sites, fully ripe
coffee fruits were processed using a Penagos 306 pulper. The separated
mucilage was collected and frozen at —80 °C and freeze-dried (Benchtop
Pro 3 L ES 55Virtis Sp Scientific freeze dryer) until further extraction.

Analytical or HPLC grade reagents and solvents were purchased from
Sigma Aldrich Chemie (Taufkirchen, Germany).

The strains of selected microorganisms were acquired from the
American Type Culture Collection (ATTC), Listeria cultures special
collection, Chr Hansen and collection of the University of Costa Rica.
The spoilage-associated bacteria used were Pseudomonas aeruginosa.
ATCC 27853, Alcaligenes sp. (UCR 277), Serratia sp. (UCR 299), Micro-
coccus luteus ATCC 4698, Escherichia coli ATCC 35150. The selected
bacteria with potential pathogenicity to humans were Staphylococcus
aureus ATCC 25923, Bacillus cereus ATCC14579, Salmonella enterica
subsp. enterica ATCC13311 and Listeria monocytogenes SLCC 4013. In
addition, Lactobacillus acidophilus CRL730, Lactobacillus casei CRL431,
Lactobacillus rhamnosus ATCC 7469, Lactiplantibacillus plantarum subsp.
plantarum ATCC 14917 were used as probiotic bacteria and/or bacteria
associated with human intestinal biota.

2.2. Extraction of phenolic compounds

Phenolic extracts were prepared as described by Mingo et al. [20]
and modified as follows. The mucilage was lyophilized using a Benchtop
Pro 3 L ES 55Virtis Sp Scientific lyophilizer. Extraction was performed in
a 1:4 ratio freeze-dried mucilage sample:solvent (95% ethanol) and was
homogenized with an ultraturrax (Tissue Tearor model 98537Q-395) for
5 min. The supernatants were decanted after centrifugation (10 min at
4000 rpm) and the extraction was repeated 3 times on the precipitate.
The supernatants were collected and filtered under vacuum. The solvent
was removed to dryness at a rotary evaporator (Buchi Rotavapor R-124)
with a bath temperature below 50 °C. Finally, the dried extracts were
diluted in sterile distilled water to a volume sufficient to achieve an
extract concentration of approximately 0.7 g/ml and stored at —80 °C

51

NFS Journal 31 (2023) 50-56

until use. The pH of the extracts was approximately 4.0. To remove
spoilage microorganisms, present in the extracts, the extracts were
filtered (0.45 pm) before use.

2.3. Quantification of chlorogenic acids and caffeine by HPLC

Total amounts of chlorogenic acids in mucilage extracts were eval-
uated with replicates corresponding to different locations (A, B, C) and
injected twice in a HPLC/PDA (Thermo Scentific Dionex Ultimate 3000
RS). A Phenomenex (Torrance, CA, USA) C18 Hydro-Synergi column
(150 x 3.0 mm i.d., 4 pm particle size) with a C18 ODS precolumn (4.0
x 2.0 mmi.d.) at 25 °C was used. Quantification of chlorogenic acid and
caffeine was performed according to Kammerer et al. [21]. Mobile
phases consisted of a mixture of 2% (v/v) acetic acid in water (Eluent A)
and 0.5% acetic acid in water and MeOH (10:90, v/v; Eluent B).
Gradient elution increased from in 10 min from 10% B to 15%, this
eluent ratio was maintained for 3 min. From 13 to 20 min eluent B
reached 25%. At time 50 eluent B amounted 55%. Finally, 100% eluent
B was used until minute 56. The column was then restored with 10% B
until 60 min for the next injection. Elution time was 60 min, with an
elution rate of 0.4 ml/min. An injection volume of 10 pl was used.
Chlorogenic acid and caffeine were quantified at 280 nm. The identifi-
cation and quantification of major compounds was performed taking
into account their absorption spectra, their retention times, as reported
in the literature [22], and the respective standards (chlorogenic acid and
caffeine). Minor peaks corresponding to other phenolic compounds were
identified but not quantified (p-coumaric acid, mangiferin, iso-
chlorogenic acid and rutin).

2.4. Microdilution on agar for in vitro evaluation of the inhibitory effects
of phenolic extract on microorganisms

The inhibition effect of different concentrations of the phenolic ex-
tracts derived from coffee mucilage on the growth of the selected mi-
croorganisms was studied by applying the agar microdilution
methodology proposed by Thomas et al. [23]. Erlenmeyer flasks were
prepared with 50 ml of Trypticase Soy agar (ATS), after autoclaving,
amounts of 0.5 to 5 ml mucilage extract were added. The extracts were
diluted to achieve final concentrations as indicated in Table 1, after
adding 5 ml of the diluted extract in 50 ml of agar. Bacterial strains were
diluted in sterile 0.1% peptonized water (PSA) to a population density
that generated a turbidity equivalent to that of a MacFarland’s 0.5
nephelometric standard. ATS plates with mucilage extract were spot
inoculated with 10 pl of bacterial suspensions with different population
density (from 10° to10® CFU/g), incubated under aerobic conditions for
24 h at 35 °C and examined for bacterial growth. Uninoculated plates
and plates without extract were used as negative and viability controls,
respectively. For lactic acid bacteria, the same procedure was followed,
but using De Man, Rogosa and Sharpe agar (MRS) instead of ATS and
incubating 48 h at 35 °C, with a COg-enriched atmosphere. In all cases,
three replicates of the procedure were performed.

To evaluate the role of sole caffeine and chlorogenic acid in the

Table 1

Final extract concentrations used to determine growth inhibition by micro-
dilution on agar for in vitro evaluation of the inhibitory effects on microor-
ganisms for the different collection sites and batches.

Extract concentration levels (mg/ml)

Collection site Batch Low (1) Medium (2) High (3)
Tres Rios 1 (A1) 7.1 27.7 53.4

2 (A2) 6.9 26.6 51.3
San Marcos de Tarrazi 1 (B1) 7.3 28.5 54.8

2 (B2) 7.1 27.7 53.4
Moravia 1(C1) 6.7 26.2 50.4

2(C2) 6.7 26.2 50.4




C. Chaves-Ulate et al.

inhibition on the growth of the selected microorganisms, trypticase soy
agar and MRS plates were prepared with mucilage extract (61.8 mg /
ml), caffeine (7.02 mg/ml) and chlorogenic acid (5.10 mg/ml).

2.5. Quantification of the inhibitory effect on B. cereus

2.5.1. Quantification of initial inoculum

Quantification of the inhibitory effect on B. cereus (ATCC14579) was
evaluated, being the microorganism most sensitive to the extract. To
evaluate the antimicrobial activity, the methodology previously
described by Iniguez-Montero et al. [24] was used, modified as follows.
Starting from a B. cereus suspension with an optical density similar to
Mac Farland’s 0.5 standard, decimal dilutions were performed in tubes
with 9 ml of 2% peptone-buffered water, until the 10~° dilution was
reached. Each of these dilutions were plated on TSA, by the spreading
technique, using an inoculum of 0.1 ml. The procedure was performed in
duplicate. After incubation at 35 °C for 24 h plates with 25 to 250 CFU
were counted and considered as the initial inoculum.

2.5.2. Quantification of inhibitory effect

From the initial suspension (Mac Farland standard 0.5), 5 ml were
taken and mixed with an equal amount of mucilage extract at a con-
centration of 800 mg/ml. To this mixture 2 ml of sterile 2.5% bicar-
bonate solution was added as a buffer to maintain pH at 6 and to rule out
suboptimal pH values as a cause of inhibition. A tube with 5 ml of
peptonized water containing 2% peptone, 5 ml of the extract and 2 ml of
sterile 2.5% bicarbonate solution was used as a control. After different
incubation times (15 min, 1, 3, 6 and 24 h), 1 ml was extracted and
placed in a tube with 9 ml of sterile peptone water. Dilutions were made
by transferring 1 ml to tubes with 9 ml of sterile peptone water until
dilution —9 was reached. From each tube 0.1 ml was taken and
distributed on TSA plates. This step was performed in duplicate. Plates
were incubated at 35 °C and after 24 h plates with counts between 25
and 250 CFU were counted and the decrease from the initial population
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was determined. Two additional controls were used, one tube with 5 ml
of the extract plus 5 ml of 2% peptone buffered peptone water and
another with 5 ml of 2% peptone buffered peptone water plus 5 ml of the
B. cereus (ATCC14579) suspension. The first control was considered as
sterility and the second as bacterial viability. This procedure was per-
formed in duplicate.

2.6. Statistical analysis

A logistic regression model was performed to predict the growth
variable (grows / does not grow) based on the independent variables:
extract concentration and type of bacteria. The GLM libraries in program
R were used for this purpose. Using the likelihood function for a bino-
mial proportion, the assessment of statistical significance was performed
at 95% confidence using the Likelihood Ratio Test (LRT) and the chi-
square test.

3. Results
3.1. Caffeine and chlorogenic acid contents on the phenolic extracts

When phenolic compounds were evaluated by HPLC/DAD, two main
peaks were observed (Fig. 1) corresponding to caffeine and chlorogenic
acid, as confirmed by standards and absorption spectra. The mean
content of chlorogenic acids in the mucilage extracts was 3.83 + 1.06
mg/ml, with the lowest content (2.67 mg/ml) for extract B, 4.06 mg/ml
for extract C and the highest for extract A with 4.76 mg/ml. The mean
caffeine content for all processing sites corresponded to 3.16 + 2.89 mg/
ml and ranged from 1.24 mg/ml for extract C, 1.75 mg/ml for B and
6.48 mg/ml for extract A.

20 10.0 20.0

30.0

400 50.0

Fig. 1. HPLC separation of phenolic compounds of ethanolic coffee berry mucilage extract by 280 (dotted line) and 320 nm. Peak assignment as follows: 1)
Chlorogenic acid, 2) Caffeine, 3) p-coumaric acid, 4) Mangiferin, 5) Isochlorogenic acid, 6) Rutin.
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3.2. Effect of coffee mucilage extracts on growth inhibition of selected
microorganisms

The mucilage extracts showed an inhibitory effect on the growth of
Gram-positive microorganisms (B. cereus (ATCC14579), L. mono-
cytogenes (SLCC4013), S. aureus (ATCC25923), M. luteus (ATCC4698)),
while such effect was not observed for Gram-negative bacteria (E. coli
(ATCC35150), Salmonella (ATCC13311), Alcaligenes (UCR277), and
Pseudomonas (ATCC27853)) The most susceptible microorganism was
B. cereus (ATCC14579), followed by M. luteus (ATCC4698), L. mono-
cytogenes (SLCC4013) and S. aureus (ATCC25923) (Fig. 2).

A lower inhibition effect of the extract on the growth of bacteria
associated with human intestinal biota (L. casei, L. paracasei, Lacti-
plantibacillus plantarum and L. rhamnosus) was observed (Fig. 3).

The statistical analysis performed determined that bacteria associ-
ated with human intestinal biota can grow in the presence of the
mucilage phenolic extract at least 4.7 times higher than that of patho-
genic and/or spoilage bacteria with 95% confidence. Therefore, it can be
considered that the growth of the latter was more affected by the ex-
tracts than that of bacteria associated with human intestinal biota
(Fig. 4).

3.3. Effect of extract concentration on the inhibition of microbial growth

It was also possible to determine that the effect of the extract on the
growth of microorganisms depends on its concentration. The lower the
concentration of the extract, the lower the inhibition. At low concen-
trations, microbial growth is 5.11 times more likely to occur compared
to samples in which high concentrations of phenolic extracts were used
(Fig. 4). On the other hand, no effect on growth inhibition was observed
when adding caffeine or chlorogenic acid alone, with contents in the
range of the applied extracts, except for S. aureus (ATCC25923) and
E. coli (ATCC35150), whose growth was inhibited by caffeine.

3.4. Quantification of the inhibitory effect of the extract on B. cereus

After quantification of the inhibitory effect of the extract on B. cereus
(ATCC14579), a 3-log reduction in growth was observed after 6 h of
incubation.

NFS Journal 31 (2023) 50-56

4. Discussion

Phenolic extracts obtained from coffee mucilage did not appear to
affect the growth of Gram-negative bacteria under the conditions eval-
uated in this study. The action of bioactive compounds may be limited
due to the complex wall and outer membrane structures in these bacteria
[25]. It has been reported that low molecular weight dissociated
phenolic acids can diffuse into the bacterial cytoplasm causing acidifi-
cation that can cause bacterial cell death [26], this mechanism is diffi-
cult to occur through the Gram-negative wall conformation. Another
explanation for the non-inhibition effect on Gram-negative microor-
ganisms could be related to the concentration of the extract used. In
previous studies inhibition was reported for concentration of 75 mg/ml
of dried coffee pulp extracts (using water as solvent) [17] or 80 mg/ml of
a spent coffee extract [27].

On the other hand, an inhibitory effect on the growth of Gram-
positive organisms was observed, where B. cereus (ATCC14579)
proved to be the most sensitive. Fei et al. [28] described the inhibition of
the growth of this microorganism, both in a saline solution and in
pasteurized milk, after the addition of a phenolic extract of olive oil. The
authors reported a minimum inhibitory concentration of the extract for
B. cereus (ATCC14579) of 0.6 mg/ml, slightly higher than that used in
this study (0.5 mg/ml). These authors reported a decrease in growth of 8
logarithms after 5 h of incubation in saline and after 10 h in pasteurized
milk. This is more effective than the 3-log decrease observed in our
study, although similar extract concentrations were used. This differ-
ence could be due to differences in phenolic compound profiles, but also
to differences in the pH of the matrices, but pH values were not reported
in the research of the latter authors. In our study, the pH of 6 used, could
decrease the inhibitory effect, which could be higher at pH below 4.5. In
fact, when using the coffee mucilage polyphenol-rich extract without
adjusting the pH (pH close to 4), after a 15 min incubation, a 6 log
decrease was obtained. However, after neutralizing at pH 6, a three log
decrease was achieved, which can be considered acceptable in the
evaluation of the efficacy of soaps and disinfectants [29]. The drawback
in this case is the long contact time (minimum 6 h) necessary to achieve
this logarithmic reduction, so it may not be recommended for use in
disinfectants or soaps that require shorter contact times (10-15 min).
However, it would be interesting to carry out toxicity tests to consider
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Fig. 2. Effect on growth inhibition on four potentially pathogenic bacteria determined in vitro by the microdilution on agar using extracts from different collection
sites (A, B, C) and batches (1,2) with three concentration levels (1,2,3) (as assigned in Table 1). Filled cells indicate growth inhibition.
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Fig. 3. Effect on growth inhibition on biota bacteria determined in vitro by the microdilution on agar using extracts from different collection sites (A, B, C) and
batches (1, 2) with three concentration levels (1, 2, 3) (as assigned in Table 1). Filled cells indicate growth inhibition.
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Fig. 4. Percentage of inhibition observations (n = 24) using different extract concentrations for selected microorganisms.

the possibility of incorporating this phenolic extract in food systems.
The polyphenol-rich extract of coffee mucilage presents significant
amounts of caffeine as mentioned above, however, the data obtained
ruled out the effect of this component on the growth of B. cereus
(ATCC14579). Growth inhibition due to caffeine, in the concentration
levels of the extracts, was only observed for S. aureus (ATCC25923) and
E. coli (ATCC35150). Other researchers [25] compared the effect on
microbial growth of normal and decaffeinated coffee extracts of
different bacterial strains and observed no differences in antimicrobial
capacity between the extracts. This supports our theory that the
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antimicrobial potential against B. cereus (ATCC14579) did not reside in
the amount of caffeine, but in other components present in the extract.
Despite this finding, it is well known that caffeine has the ability to
inhibit protein synthesis in bacteria and generates DNA damage [30].
Concentrations above 200 mg/ml were previously reported to inhibit
bacteria such as E. coli (ATCC35150) and S. aureus (ATCC25923) [14],
which is much higher than the caffeine content found in coffee mucilage
extract (3.16 + 2.89 mg/ml in average).

The highest growth inhibition effect of the mucilage extracts was
observed in B. cereus (ATCC14579), followed by M. luteus (ATCC4698),
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L. monocytogenes (SLCC4013) and S. aureus (25923). However, L. casei,
L. paracasei, Lactiplantibacillus plantarum L. and L. rhamnosus were not
affected to the same extent. It was determined, with 95% confidence,
that the growth of intestinal bacteria is less affected in the presence of
the extract (at least 4.74-fold) compared to pathogenic or spoilage
bacteria by a population of 108 CFU/ml. The inhibition effect depends
not only on the concentration of the extract, but also on the initial load
of microorganisms. At the Mac Farland concentration of 0.5, a lower
sensitivity to the extract by lactic acid bacteria was determined, which
could be due to their fermentative metabolism through which they
produce various organic acids [31], allowing them to adapt to low pH
environments and grow in pH ranges of 4.8-9.6 [32]. Some lactic acid
bacteria are known to possess specific enzymes (f-glucuronidases,
fB-galactosidases and o-rhamnosidases) that allow them to metabolize
phenolic compounds using them as a carbon source. Some lactobacilli,
thanks to their enzymes (gallate decarboxylase), can degrade gallic acid
to pyrogallol. This compound is degraded to cis-aconitate and thus en-
ters the Krebs cycle, which allows these microorganisms to remain
metabolically active [26,33,34]. This ability to regulate their internal
pH independently of the external pH, together with the presence of
enzymes capable of metabolizing phenolic compounds, could allow
lactic acid bacteria to maintain their viability in the presence of coffee
mucilage extract.

It is important to consider that the extract used has a mixture of
compounds, with a predominance of caffeine and chlorogenic acid.
Although extract B had the lowest chlorogenic acid content (2.67 mg/
ml), a significant growth inhibition effect against B. cereus (ATCC14579)
was observed, even better than those extracts with higher chlorogenic
acid concentration. A control evaluation was performed only with
chlorogenic acid, using a concentration in the range of the extracts,
where no growth inhibition was observed for the studied microorgan-
isms. During this evaluation, an oxidation process was observed, which
could have affected the inhibition effect. Considering these results, it
appears that chlorogenic acids are not the only compounds that could
exert an antimicrobial effect. Matrix effect, minor compounds and syn-
ergistic effects may be some of the factors determining the antimicrobial
effects in this study.

The growth inhibition observed for B. cereus (ATCC14579) seems not
be due to the chlorogenic acid present in the extract. The extraction
methodology used could allow the presence of other phenolic com-
pounds that would be participating in the growth inhibition. Recently,
Esquivel et al. [16] reported the presence of 16 different phenolic
compounds in pulp and skin of Arabica coffee fruits. Of these 16 com-
pounds reported by Esquivel et al. [16], nine were identified as
chlorogenic acids. In our research, only two major peaks were detected,
corresponding to caffeine and chlorogenic acid, but also in minor con-
centrations of other compounds were detected such as p-coumaric acid,
mangiferin, isochlorogenic acid and rutin.

Esquivel et al. [16] reported also the presence of mangiferin in coffee
pulp and husks of different skin color genotypes. The presence of this
compound had already been reported in coffee leaves [35], but not in
the fruit. Mangiferin is a hydrolyzable gallotannin present in various
parts of the mango (Mangifera indica L.) plant and fruit. It has been
described to have antiviral, anticancer, immunomodulatory, antidia-
betic, antioxidant, analgesic, and hepatoprotective properties [36]; its
antimicrobial activity is higher on Gram-positive bacteria and seems to
be related to its function analogous to that of siderophores [36,37]. In
this sense, lactic acid bacteria would have an advantage over this
compound and would be resistant because their metabolism can be
carried out in the absence of iron ions [38]. Further studies have to
achieved to determine if the inhibitory effect of the mucilage extract was
exerted by mangiferin.

Also, different collection sites can affect the chemical and physical
profile of the samples, due to cultivars, processing, agricultural prac-
tices, altitude, and climate. Although differences were observed among
the materials, an inhibitory effect was found with all of them for
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B. cereus (ATCC14579), which supports the results obtained.

In conclusion, coffee mucilage extracts appear to have a growth
inhibitory effect on some Gram-positive bacteria, but mainly on B. cereus
(ATCC14579). It is still necessary to determine which compounds may
play a role on this effect, considering that chlorogenic acids seem not to
be solely responsible for this growth inhibition. Industrial applications
of these extracts are the subject of further studies, considering improved
extraction methodologies to increase the inhibitory effect that can be
extended to other microorganisms. For applications in the food industry,
toxicological and microbiological safety issues must be studied and
considered.
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