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Antimicrobial activities of six potential active compounds (acetic acid, chitosan, catechin, gallic acid,
lysozyme, and nisin) at the concentration of 500 pg/ml against the growth of Escherichia coli,
Staphylococcus aureus, Listeria innocua, and Saccharomyces cerevisiae were determined. Lysozyme
showed the highest antimicrobial activity against L. innocua and S. cerevisiae with an inhibition zone of
19.75 and 17.37 mm, respectively. Catechin was strongly active against E. coli, L. innocua, and S.
aureus with 15.37, 19.38, and 17.00 mm of inhibition zone diameter, respectively. The minimum
inhibitory concentration (MIC) value of catechin for E. coli and for S. aureus was the same at 640 pg/ml,
while the minimum bactericidal concentration (MBC) values were 640 and 1,280 pg/ml, respectively. The
MIC and MBC values of lysozyme for L. innocua were 160 and 640 ug/ml, respectively. S. cerevisiae was
the most susceptible microorganism to lysozyme among others, since both its MIC and MBC were the
lowest (2.5 pg/ml). However, catechin and lysozyme were combined in equal amounts; all tested
microorganisms were effectively inhibited as indicated by both qualitative and quantitative
antimicrobial activities. This study thus revealed the potential application of some active compounds
such as catechin and lysozyme for their usage in food products.
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INTRODUCTION

Food-borne illnesses that result from consuming food
contaminated with pathogenic bacteria have been of
serious public concern worldwide. According to the
Ministry of Public Health of Thailand, 96,383, 109,070,
and 85,712 cases of food-borne illnesses were reported
between 2009 and 2011, with a total of 11 fatalities.
Meanwhile, requirements and standards for safe, stable,
and high quality food products have been becoming more
rigorous. Microbial activity is a primary reason for the
deterioration of many foods and is often responsible for
reducing quality and safety. Food-borne illnesses
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associated with E. coli 0157:H7, S. aureus, Salmonella
enteritidis, and L. monocytogenes, are a major public
health concern all over the world (Hall, 1997). E. coli, a
Gram-negative bacterium, can enter human intestines
and can cause urinary tract infection, coleocystitis, or
septicaemia (Singh et al., 2000). S. aureus is mainly
responsible for post-operative wound infections, toxic
shock syndrome, endocarditis, osteomyelitis, and food
poisoning (Mylotte et al., 1987). L. monocytogenes is
responsible for one of the severest food-bome illnesses,
listeriosis, which has been recognised as an emerging
zoonotic disease over the last two decades (Farber,
2000). A typical strains of L. innocua that present
phenotypic characteristics similar to those of L.
monocytogenes were recently isolated from food and
from the environment. These isolates tested positive for
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virulence genes specific to L. monocytogenes (Moreno et
al.,, 2012). S. cerevisiae, the dominant yeast in fermen-
tation, is regarded as a spoilage organism and one of the
most resistant strains that spoils most fruits, juices,
vegetables, and to a lesser extent, cheese or meat
products (Loureiro and Malfeito-Ferreira, 2003).

A number of methods have been employed to control or
prevent the growth of these pathogens in food, including the
use of physical, biological, or chemical methods, but due
to health concerns about the use of chemical agents,
there has been increased consumer demand for
naturally-derived compounds such as antimicrobial
substances. Naturally occurring antimicrobials have been
widely investigated, including chitosan, lysozyme, nisin,
various plant extracts such as tea, spices and their
essential oils, as well as phenolic compounds (Cowan,
1999; Davidson, 2001; Min and Kwon, 2010; Juneja et
al., 2012). These compounds have been used to inhibit
food-borne bacteria and extend the shelf life of processed
food by either reducing the microbial growth rate, or by
extending the lag-phase of the target microorganisms.
There has been a growing trend among consumers to
desire high quality foods that are more natural, minimally
processed, and preservative free or naturally derived,
while also maintaining food safety. At the same time,
much research has been focused on the antimicrobial
activity of natural compounds against different bacteria,
but data is still lacking for some major food spoilage
microorganisms. The purpose of this study is to
determine the inhibitory effects of some potential anti-
microbial agents against four important species of food
spoilage microorganisms.

MATERIALS AND METHODS

Acetic acid glacial was obtained from QRec ASIA Sdn Bhd
(Rawang, Selangor). Gallic acid (G7384), catechin hydrolysate
(C1251), Nisin (N5764), chitosan (low molecular weight: 448869),
and lysozyme (EC 3.2.1.17 from chicken egg white) were procured
from Sigma-Aldrich (MO, USA). Mueller-hinton broth (275730) was
purchased from Difco (Kansas, USA). Mueller-hinton agar (105437)
was purchased from Merck (Darmstadt, Germany). McFarland 0.5
turbidity standard was prepared by adding 0.5 ml of a 1.175% (w/v)
barium chloride dihydrate (BaCl,*2H,0) solution to 99.5 ml of 1%
(viv) sulfliric acid. 3M Petriflm™ Aerobic Count Plates, 3M
Petrifilm™ E. coli/coliform Count Plates, and 3M Petrifilm™ Yeast
and Mould Count Plates were all purchased from DKSH (Thailand)
Limited, Thailand.

Escherichia coli, Staphylococcus aureus, and Saccharomyces
cerevisiae were obtained from the Biological Laboratory, Scientific
and Technological Instruments Center, at Mae Fah Luang
University, Chiang Rai, Thailand. Listeria innocua was purchased
from the Department of Medical Sciences, Ministry of Public Health,
in Bangkok, Thailand. The cultures were streak-plated once a week
and a single colony was inoculated into the appropriate medium
and incubated overnight in the appropriate atmospheric conditions.

Preparation of inoculums

E. coli, S. aureus, L. innocua, and S. cerevisiae were cultured into 5
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ml of Mueller-hinton broth and incubated in a shaker incubator at 35
or 40°C for 18 to 24 h. The optical density (OD) of the cultures at
540 nm was adjusted to the standard of McFarland No. 0.5 with
0.85 to 0.9 g sodium chloride/100 ml sterile solution to achieve a
concentration of approximately 10° colony forming unit (CFU)/ml
(Canillac and Mourey, 2001). The final concentration of the
approximate cell numbers of 10° to 10’ CFU/m| was obtained by
diluting them 100 times with sterile sodium chloride solution. The
concentrations of each culture were confirmed by the Petrifilm
method.

Antimicrobial susceptibility testing

The antimicrobial agents were tested for their inhibition against the
target microorganisms: E. coli, L. innocua, S. aureus and S.
cerevisiae. They were tested by using an agar disc diffusion
method modified by EUCAST (2010). All of the test cultures used in
the microbiological assay were twice-passaged 16 h cultures grown
in Mueller-hinton broth. Cell densities of 10° to 10° CFU/ml were
calculated and prepared.

Whatman no. 1 filter paper was cut into a disc form 5 mm in
diameter with a sterilized hole-punch. They were then sterilized with
UV light for 30 min (Cooksey, 2000). Each antimicrobial agent
(acetic acid, catechin, gallic acid, lysozyme, and nisin) was
dissolved in 60% (v/v) ethanol, and chitosan was dissolved in 1%
(w/v) acetic acid. They were incorporated into the paper dies at a
final concentration of 500 ug per disc. The discs were placed on
Mueller-hinton agar plates that had been previously seeded with
inoculums containing tested microorganisms in the range of 10° to
10" CFU/ml. The plates were then incubated at 35°C for 18 h (E.
coli, L. innocua and S. aureus) and 40°C for 24 h (S. cerevisiae).
The diameters of the inhibitory zone surrounding the paper discs as
well as the contact area of the discs with the agar surface were
recorded as an indication of inhibition of the microbial species. The
evaluation of the inhibitory activity was carried out in quadruplicate
by measuring the inhibition zones in millimeters.

Determination of minimal inhibitory concentration (MIC) and
the minimal bactericidal concentration (MBC)

The aliquot of 4 ml of Mueller-hinton broth was placed into tubes
before the antimicrobial agents were added. The concentrations of
antimicrobial agents were adjusted to range from 1280, 640, 320,
160, 80, 40, 20, 10, 5, to 2.5 pg/mL by adding different volumes of
the broth. Subsequently, aerobic bacteria were inoculated to the
Mueller-hinton broth. The inoculum of 100 upl of the germ
suspensions contained 10° to 10" CFU for aerobic bacteria. The
aerobic bacteria were incubated at 35°C for 24 h, and S. cerevisiae
was incubated at 40°C for 24 h before being visually evaluated for
minimal inhibitory concentration (MIC). The MIC was defined as the
concentration that resulted in no visible growth or less than 10 CFU,
corresponding to an inhibition of 99.9% of the inoculum. For
determining the minimal bactericidal concentration (MBC), a variant
on the agar dilution method was used. The inoculation spots with
no visible growth were cut and top-down streaked on the Mueller-
hinton agar. The MBC was determined according to the MIC. The
lowest concentration without visible growth corresponded with the
MBC.

Statistical analysis

The data was subjected to analysis of variance (ANOVA). A means
comparison was carried out by Duncan's multiple range tests. The
analysis was performed by using a SPSS package (SPSS 10.0 for
window, SPSS Inc, Chicago, IL).
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Table 1. Qualitative activity and contact area’of some active compounds against food spoilage microorganisms.

E. coli . S. aureus S. cerevisiae
L . L.innocua Gram (+)

Antimicrobial Gram (=) Gram (+) (Yeast)
agents/microbial .. . Contact . Contact . Contact - Contact

Activity b Activity Activity Activity

area area area area
Acetic acid - - + + - - + +
Chitosan - - - - - - - -
Catechin +++ + +++ + +++ + + +
Gallic acid - - ++ + +++ + - -
Lysozyme - - +++ + - - +++ +
Nisin - - ++ + + + + +
% Catechin+
+++ + +++ + +++ + +++ +
1% Lysozyme
®Determined by observation on the growth of microorganism on agar surface.+, no growth ; -, microbial growth; +++, totally inhibited

(2>15 mm); ++, partially inhibited (@12-15 mm); +, slightly inhibited (@<12 mm); -, no inhibition (&<0 mm). "Contact area is the part of
agar on Petri dish directly underneath disc sample; determined by observation on the growth of microorganism under the disc sample on
agar surface. +, no microbial growth in contact area; -, indicates microbial growth in contact area.

RESULTS AND DISCUSSION
Qualitative inhibitory activity of antimicrobial agents

The qualitative antimicrobial activity against food spoilage
microorganisms of some active compounds is presented
in Table 1. The determination of antimicrobial activity was
performed in two ways. The first was observation of the
growth on the agar surface to determine the inhibition
activity of the active compounds. The results obtained
were divided into categories of either growth (-) or no
growth (+) of the microorganisms. They could then be
classified into four levels: (+++) totally inhibited; (++)
partially inhibited; (+) slightly inhibited and (-) no
inhibition. The results show that catechin presented the
highest inhibitory effect against all types of micro-
organisms tested (+++ for E. coli, L. innocua and S.
aureus), followed by lysozyme (+++ for L. innocua and S.
cerevisiae), gallic acid (+++ for S. aureus), and (+ low
efficiency for all, except for E. coli). Chitosan used in this
experiment had no effect (-) on all tested spoilage
microorganisms.

The nicin and acetic acid had low inhibitory effect on
Gram-negative  microorganisms and yeast when
compared to others. The results also show that only
catechin could inhibit the growth of Gram-negative
microorganism (E. coli.). However, the combination of
each 50% portion of catechin and lysozyme showed
broad antimicrobial activity against all of the tested
microorganisms. Lysozyme could only effectively inhibit
the growth of L. innocua and S. cerevisiae. In general,
the more sensitive microorganisms were L. innocua, S.
cerevisiae, and S. aureus, while the most resistant was
E. coli. These results can be attributed to the cell wall
lipopolysaccharides of Gram-negative bacteria, which
may prevent active components from reaching the

cytoplasmic membrane (Ouattara et al.,, 1997). The
difference in resistance of Gram-positive bacteria (L.
innocua and S. aureus) to the active compounds may be
due to the variability between the strains of the same
species (Gomez-Estaca et al., 2010).

Growth of microorganisms underneath the disc sample
on the agar surface was also determined and presented
in Table 1 as a contact area. The results of this part were
consistent with the qualitative antimicrobial activity.
Those compounds possessed antimicrobial activity that
provided for the positive inhibitory results presented on
the contact area. At the same time, the compounds with
no antimicrobial activity were observed to have negative
inhibitory effects shown on the contact area. The results
also showed that the contact area of some compounds
was positive even though the compound had slightly
inhibited the target microorganisms (that is, nisin or
catechin for S. cerevisiae). Chitosan still showed no
antimicrobial activity on the contact area. Consistent with
previous results, L. innocua showed the highest
susceptibility to almost all types of active compounds,
except to chitosan.

Several categories of antimicrobials have been investi-
gated, including organic acids, fungicides, bacteriocins,
proteins, enzymes, inorganic gases, silver substitute
zeolite, and others. These compounds can control
microbial contaminations by either reducing the microbial
growth rate or by extending the lag-phase of the target
microorganisms. Nisin is an antimicrobial peptide, which
is labelled Generally Recognized as Safe (GRAS) (Food
and Drug Administration, 21CFR184.1081, 2006), and
has shown to effectively inhibit Gram-positive bacteria
(Cleveland et al., 2001). Organic acids are natural
constituents of many foods and are also widely used as
additives for food preservation (Lehrke et al., 2011).
Acids and salts are commonly used to control the
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Table 2. Quantitative antimicrobial activity of some active compounds against food spoilage microorganisms.

Antimicrobial E. coli L.innocua S. aureus S. cerevisiae
agents/microbial Gram (-) Gram (+) Gram (+) (Yeast)
Acetic acid 0+ 0.00™ 8.75 + 1.04"® 0 +0.00* 10.10 + 0.86*°
Chitosan 0 +0.00* 0 +0.00* 0 + 0.00* 0 +0.00*
Catechin 15.37+ 0.48" 19.38 + 2.06°° 17.00 + 1.83°%¢  10.75 +2.22°*
Gallic acid 0 +0.00* 12.00 + 1.41°® 16.75 + 0.87°¢ 0 +0.00*
Lysozyme 0 +0.00* 19.75 + 0.50°¢ 0 +0.00* 17.37+1.11%®
Nisin 0+ 0.00™ 12.75 + 0.50°° 7.50 + 0.58"° 11.38 £ 0.95°°

Y Catechin+ % Lysozyme  15.75+ 1.70°*

15.75 + 0.96*

24.00 + 0.82%® 16.50 + 0.58°*

Values (n =4) with different superscripts (small letter) in the same column are significantly different (P < 0.05). Values (n = 4)
with different superscripts (capital letter) in the same row are significantly different (P < 0.05). Mean + standard deviation of

inhibition diameter (mm) surrounding film discs.

growth of microorganisms in foods (Phan-Thanh et al.,
2000). These include sorbic acid, potassium sorbate, p-
amino benzoic acid, acetic acid and sodium diacetate,
citric, lactic, malic, tartaric, benzoic, lauric and stearic
acid.

Quantitative antimicrobial

agents

inhibitory activity of

In order to quantify their antimicrobial effect, all of the
active compounds were also tested on food spoilage
microorganisms: two Gram-positive bacteria (L. innocua
and S. aureus), one Gram-negative bacteria (E. coli), and
S. cerevisiae. The initial screening for antimicrobial
activity of the investigated antimicrobial agents was
studied against four tested microorganisms by using the
agar disc diffusion assay. They were assessed by the
presence and absence of inhibition zones. The
antimicrobial activity of antimicrobial agents can be
classified into four levels: totally inhibited (inhibition zone
>15 mm), partially inhibited (12 mm< inhibition zone <15
mm), slightly inhibited (inhibition zone<12 mm), and no
inhibition (no inhibition zone present). The results are
shown in Table 2. The inhibition zones confirmed what
has already been previously described, since the major
zones of inhibition corresponded to catechin (10 to 19
mm). Moreover, the results indicate that catechin showed
the highest antimicrobial activity against E. coli and S.
aureus with a mean inhibition zone of 15.37 and 17.00
mm, respectively. Lysozyme (19.75 mm) was more
effective than catechin (19.38 mm) against L. innocua as
indicated by the diameter of the inhibition zone. Acetic
acid only slightly inhibited L. innocua (8.75 mm) and S.
cerevisiae (10.10 mm), while partially inhibited both
Gram-positive bacteria (7.5 to 12.75 mm) and yeast
(11.38 mm). Gallic acid was also another effective
compound for inhibiting the growth of S. aureus (16.75
mm). On the other hand, lysozyme was a suitable
antimicrobial agent against both L. innocua and
S.cerevisiae when compared to others. Indeed, lyzozyme

exhibits antimicrobial activity by splitting the bonds
between N-acetylmuramic acid and N-acetylglucosamine
of the peptidoglycan in the bacteria cell wall (Coma,
2008). In this experiment, chitosan was found to have no
antimicrobial effect on all types of the microorganisms
tested. It is probably because chitosan does not
penetrate the lipo-polysaccharide layers of Gram-
negative bacteria or the cell walls of other micro-
organisms. The high molecular weight of chitosan may
affect diffusion into the agar medium during microbial
incubation. In general, chitosan antimicrobial activity
comes from its positive charges that would interfere with
the negatively charged residues of macromolecules on
the microbial cell surface, causing the membrane to leak
(Joerger, 2007; Dutta et al., 2009; Juneja et al., 2012).

Among the Gram-positive bacteria tested, L. innocua was
more sensitive than S. aureus, yet the most resistant
bacteria were E. coli. No inhibition was observed
between E. coli and S. aureus when grown with acetic
acid, chitosan, and lysozyme. S. cerevisiae was resistant
to chitosan and gallic acid, while E. coli was the most
resistant bacteria to all active compounds tested except
for catechin. The antimicrobial activities of different active
compounds have been studied by different researchers.
Green tea polyphenols, especially catechin, have been
reported to show inhibitory effects in vitro against food
spoilage and pathogenic microorganisms including L.
monocytogenes, E. coli. Salmonella typhimurium, S.
aureus. Shigella frexneri, and V. cholerae (Hamilton-
Miller, 1995; Perumalla and Hettiarachchy, 2011). The
antimicrobial activity of tea polyphenols is probably due to
the inhibition of DNA and RNA synthesis of bacterial
cells. It may also be due to the inhibiton of the
cytoplasmic membrane function of bacteria and/or the
interferance with energy metabolisms of bacteria
(Siripatrawan and Naipha, 2012). There are some studies
that showed tea extract is capable of inhibiting the growth
of a number of spoilage bacteria and food-borne
pathogens such as Bacillus, Clostridium, E. coli,
Pseudomonas, Salmonella, S. aureus. Shigella
disenteriae, V. cholera, C. jejuni, L. monocytogenes, etc.
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Antimicrobial
agents/Microbial

Acetic acid

Chitosan

Catechin

Gallic acid

Lysozyme

Nisin

Y% Catechin+
Y Lysozyme

L. innocua

Gram (+)

S. cerevisiae
(Yeast)

S. aureus
Gram (+)

Figure 1. Antimicrobial activity of active compounds against E.coli, L.innocua, S. aureus, and S. cerevisiae

(Taguri et al.,, 2004; Almajano et al., 2008; Xi et al.,
2012). Some researchers have found that green tea
extract was not effective against E. coli (Nazer et al.,
2005). Kim et al. (2004) reported that the major food-
borne pathogens such as E. coli, S. typhimurium, L.
monocytogenes, S. aureus, and C. jejuni have been
reported to be inhibited by tea components, namely by
catechins. Concerning phenolic acids studied, it has been
reported that the site(s) and number of hydroxyl groups
on the benzoic ring could be related to their relative
toxicity to microorganism. Increased hydroxylation results
in increased toxicity (Cowan, 1999).

Antimicrobial activity

The antimicrobial activities of all active compounds
against E. coli, L. innocua S. aureus, and S. cerevisiae,
are shown in Figure 1. The inhibition zones were formed
depending on the strain, the kind of active compounds,
and the concentration of active compounds used. After
comparing the six active antimicrobial compounds tested,
it became clear that catechin was the most active
antimicrobial activity because it showed the largest
inhibition zone against all other tested microorganisms. In
addition, when catechin and lysozyme were combined,
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Table 3. Minimum inhibitory concentration and Minimum bactericidal concentration
of some active compounds against food spoilage microorganisms.

Compound Microorganism MIC* (ug/mL) MBC** (ug/mL)
Catechin E. coli 640 640
S. aureus 640 1,280
Lvsozvime L. innocua 160 640
ysozy S. cerevisiae 2.5 2.5

*MIC, Minimum inhibitory concentration; **MBC, minimum bactericidal concentration.

higher inhibitory activity for some microorganism was
observed. These results confirmed the results presented
in Table 1 and Table 2. Lysozyme showed higher growth
inhibition against L. innocua than S. cerevisiae, while
catechin showed the most effective inhibition for S.
aureus. However, the compounds differ significantly in
their activity against tested microorganisms. The most
active compound was catechin, which showed broad-
spectrum antimicrobial activity against E. coli, L. innocua,
S. aureus, and S. cerevisiae, 15.37, 19.38, 17.00, and
10.75 mm, respectively.

MIC and MBC of antimicrobial agents

MIC is an accepted and well-used criterion for measuring
the susceptibility of microorganisms to inhibitors. Many
factors affect the obtained MIC value, including
temperature, inoculum size, and type of microorganisms
(Lambert, 2000). The MIC of tested compounds against
selected microorganisms is presented in Table 3. The
MIC of the catechin was determined against E. coli. and
S. aureus, while lysozyme was tested for L. innocua and
S. cerevisiae. The MIC values of the compounds ranging
from 2.5 to 640 pg/mL are also shown in Table 3.
Lysozyme showed very strong activity against S.
cerevisiae with the lowest MIC (2.5 ug/mL). The lowest
MIC for E. coli and S. aureus was obtained with catechin
at 640 pg/mL, whereas the highest MIC was by lysozyme
at 160 pug/mL for L. innocua. Both catechin and lysozyme
exhibited concentration-dependent inhibition of growth. It
is possible that these antimicrobial agents could limit
bacterial growth by interfering with the bacterial protein
biosynthesis, DNA replication, or other aspects of
bacterial cellular metabolism. In this experiment, the MIC
of Gram-positive bacteria (S. aureus) was the same as
Gram-negative bacteria (E. coli).

The different concentrations of catechin and lysozyme
showed various degrees of growth inhibition against E.
coli, S. aureus, L. innocua, and S. cerevisiae, respec-
tively, by using the broth dilution method. The growth of
E. coli and S. aureus was inhibited by catechin at
different concentrations, which delayed the lag phase and
lowered the growth rate and final cell concentration of the

microorganisms. When the concentration of catechin
reached 640 and 1,280 nug/mL, the complete inhibition of
E. coli and S. aureus growth was observed (Figure 2). In
addition, the growth of S. cerevisiae and L. innocua was
completely inhibited by lysozyme at the concentration of
25 and 640 pg/mL (Figure 2). The antibacterial
properties of these active compounds may be associated
with their lipophilic character. This leads to changes in
membrane potential and increases the permeability of the
cytoplasm membrane for protons and potassium ions,
including depletion of the intracellular ATP pool (Juneja et
al.,, 2012). Lysozyme is an antimicrobial peptide that is
effective against Gram-positive (and sometimes gram-
negative) bacteria. It is naturally present in egg white,
plants, and animal secretions. Its antimicrobial properties
are associated with the hydrolysis of peptidoglycan layers
in the bacterial cell wall and also with membrane pertur-
bation (Masschalck et al., 2002; Perez-Espitia et al.,
2012). According to the MIC and MBC, the Gram-
negative bacteria were more resistant than the Gram-
positive bacteria. This may be due to the different natures
of the Gram-negative cell envelope (made up of lipopoly-
saccharide), which restricts access to the membrane
more than in Gram-negative bacteria. In the present
study, the highest MBC was shown by S. aureus

Conclusion

Catechin and lysozyme showed promise for retaining
antibacterial activity and inhibiting bacterial contaminants.
Each active compound showed specific growth inhibition
of food spoilage microorganisms in different ways. The
results suggest that the combination of catechin and
lysozyme may provide a unique functional barrier that
could increase the shelf life of food products. Further
studies will be carried out for incorporating these potential
active compound combinations (catechin-lysozyme) into
gelatin film models.
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