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In this study, different N-alkyl-β-D-glucosylamines were evaluated for both antifungal and antibacter-

ial activity against Fusarium proliferatum (INRA, MUCL 1807.7), Listeria innocua (ISTAB, Universit�e

Bordeaux 1), and Salmonella typhimurium (Institut Pasteur 5858). The tested glucosylamines were

β-D-glucosylamine (GPA), N-ethyl-β-D-glucosylamine (EtGPA), N-butyl-β-D-glucosylamine (BuGPA),

N-hexyl-β-D-glucosylamine (HeGPA), N-octyl-β-D-glucosylamine (OcGPA), N-dodecyl-β-D-glucosyl-
amine (DoGPA), N-(2-hydroxyethyl)-β-D-glucosylamine (HEtGPA), N,N-di(2-hydroxyethyl)-β-D-gluco-
sylamine (DHEtGPA) and N,N-diethyl-β-D-glucosylamine (DEtGPA). The effectiveness of N-alkyl

length, N-substitution, and N-hydroxyalkyl groups on both antibacterial and antifungal activity were

evaluated. Results indicated that these compounds exhibited different biological activities and their

effectiveness was highly increased from short to long N-alkyl chains. DoGPA exhibited more potent

biological activity against all target strains than other N-alkyl glucosylamines tested. Using a radial

growth method, we demonstrated that this compound completely inhibited fungal growth at 0.5 �
10-4 mol mL-1, while OcGPA and HeGPA lead to 71% and 43% fungal inhibition, respectively.

Using the coating method, we demonstrated that DoGPA completely inhibited bacterial growth at

0.025 � 10-4 and 0.05 � 10-4 mol mL-1 for L. innocua and S. typhimurium, respectively, while at

the same concentrations, OcGPA exhibited weaker antibacterial activity of 12% and 27%, respec-

tively, for L. innocua and S. typhimurium. The hole plate method enabled us to estimate the

minimum inhibitory concentration (MIC) of DoGPA found to be 0.02 � 10-4 and 0.025 � 10-4 mol

mL-1 for L. innocua and S. typhimurium, respectively. Glucosylamines with N-hydroxyalkyl and

short N-alkyl chains varying from C-2 to C-4 exhibited weaker antimicrobial activity.

KEYWORDS: Antifungal activity; antibacterial activity; glucosylamines; Fusarium proliferatum; Listeria
innocua; Salmonella typhimurium

INTRODUCTION

Human illness due to contaminated food is frequently reported
and sometimes found to be the source of fatal diseases. Despite
the great effort of industries for food safety, bacterial and fungal
contaminations of food are still reported in different regions of
the world. This is because food microorganisms are ubiquitous,
quickly multiply, and resist considerably at all main conditions
used to conserve foods (1-6). Thus, food contamination during
processing, transport, and storage not only constitutes a substan-
tial problem for public health but also is economically undesir-
able (5, 7-14). Fusarium, Listeria, and Salmonella genera are
widely found among those microorganisms contaminating food.
Some of them are pathogenic strains and cause various disorders
such as human cancer, listeriosis, and salmonellosis, diseases with
fatality rates (15-23). For example, fungi such as Fusarium
species not only are implicated annually in the worldwide harvest
loss of 55million tons ofmainly cereal food (9) but also produce a

variety of toxins such as fumonisins, zearalenone, and trichothe-
cenes in these, thus exhibiting chronic toxicity (15-19). In addi-
tion, the mortality rate due to listeriosis can reach 20-30% of
patients, and this disease frequently leaves complicated neurolo-
gical after effects in about 40% of patients (1,24,25). The patho-
gen is able to infect a vast range of host tissues and spread many
infections of the nervous system such as meningitis and septice-
mia (26). Furthermore, in pregnant patients, this illness can lead to
spontaneous abortion, stillbirth, or fetal death (26). AboutSalmo-
nella risks, the mortality of 15% of patients worldwide due to
infantile diarrhea from salmonellosis was reported (25, 27-29).

In this decade, the resistance of these microorganisms toward
conventional biocides is increasing (3-5, 30-34) and constitutes
public health problems. For example, depending on their species,
studies have shown that about 11-95% of Listeria species were
resistant to one ormore antibiotics (30,31). This higher resistance
may show the dangers that some species of Listeria can cause if
consumed in foods. Furthermore, resistance of Fusarium and
Salmonella species to biocides was also reported (3-5, 32-34).
Consequently, it is the responsibility of scientists to find newways
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for controlling these microorganisms and the different illnesses
they cause. The one way to do this is to discover new effective
and friendly environmental biocides notably from renewable
resources, which can be used to combat these pathogenic agents.
In this way, biological study of amino polysaccharides was done
and has shown satisfactory results (35-42). Because of the sus-
pected close relationship between amino groups and biological
activity of these polysaccharides (39, 43) and considering the
higher antifungal activity recently reported from glucosyl-
amines (43), we evaluated in the present study the bioactivity of
various synthesized glucosylamines against foodmicroorganisms
in order to determine the possible application they can have in
food preservation. The impact of their amino group features in
biological activity against F. proliferatum and both bacteria,
one Gram-negative, S. typhimurium, and one Gram-positive,
L. innocua, was also studied. Because of its known lower risk
and the close relationship it has with L. monocytogenes toward
inhibitors, L. innocua was selected as model strain of this patho-
genic species to conduct the present study. Results found from
this surrogatewill be verified againstL.monocytogenesbefore any
application.

MATERIALS AND METHODS

Synthesis and AnalysisMethods. The synthesis and characterization
of β-D-glucosylamine and differentN-alkyl-β-D-glucosylamines (Figure 1)
were detailed in our previously report (43). N,N-Diethyl-β-D-glucosyl-
amine (DEtGPA) was synthesized using the reportedmethod (44). Briefly,
D-glucose (3 g, 0.0166 mol) was suspended in 10 mL of methanol, and
4.4 mL of diethylamine was added. The mixture was refluxed for 24 h.
Then, solvent was removed under reduced pressure, and 3.18 g (0.013mol)
of viscous residue was obtained. Yield: 81.5%. RF: 0.15 (2:8, CH3OH/
CH2Cl2).

1H NMR: δH in ppm (300 MHz, D2O) 4.11 (1H, d, Hβ-1),
3.90-3.86 (1 H, dd, H-6a), 3.71-3.68 (1H, dd, H-6b), 3.58-3.52 (1H, t,
H-2, H-4, H-5), 3.49-3.32 (3H, m, H-3, H-4, H-5), 2.89-2.65 (4H, m,
NHCH2-), 1.08-1.04 (t, 6H, 2-CH3).

Decomposition of various glucosylamines was followed by 1H NMR
spectroscopy. For this, 40 mg of each compound was dissolved in 1 mL of
appropriate solvent chosen between D2O and CD3OD. Degradation of
glucosylamines was estimated by integration and comparison of Hβ-1
signals of their NMR spectra daily obtained during 7 days.

Microbial Strains and Preparation of Inocula. The F. proliferatum
strain, INRA 212, used throughout the study was from the INRA
collection and predominantly produces FB1 fumonisin. The strain was
maintained on potato dextrose agar (PDA) (Sigma-Aldrich Co, St Louis,
MO) slants at 4 �C. When inocula were required, spore suspensions were
prepared by adding sterile distilled water to the slants followed by gentle
shaking. This suspension was used to test the antifungal activity of gluco-
sylamines. L. innocua (ISTAB, University of Bordeaux 1) and S. typhi-
murium (Institut Pasteur 5858) were used for antibacterial activity assess-
ment. Both bacteria were maintained at -70 �C in 20% glycerol. Over-
night precultures were performed as follows: L. innocua and S. typhimu-
rium were grown in tryptose broth (Difco 262200) and nutrient broth
(Difco 234000), respectively at 37 �C for 18 h.

Antifungal Activity Assessment. The antifungal activity of glucosyl-
amines was evaluated by radial growth assays (43, 45) on PDA medium
with different concentrations of bioactive agents. The bioactive agents

HeGPA, OcGPA, and DoGPA were incorporated into the culture
medium using methanol as solvent. Prior to the fungal inoculation, the
evaporation of methanol in Petri dishes was obtained after 40 min under a
laminar flow. Plates were inoculated in the middle with one drop of strain
suspension. In parallel, control experiments with methanol without any
glucosylamineswere also tested. The disheswere incubated at 75%relative
humidity (RH) and 25 �C, and the fungal colony diameter was measured
daily. The percentage of inhibition of different glucosylamineswas calcula-
ted after 9 days of incubation when mycelium in the control experiments
completely covered the dishes. It was expressed as an average diameter and
calculated using the following equation:

Percentageofinhibition ¼ CD-D

CD
� 100

where CD is the control diameter without any bioactive compound andD
is the test diameter.

Each test and control experiment consisted of three replicates, and each
bioactive agent was tested three times.

Antibacterial Activity Assessment. The antibacterial assessment of
N-alkyl-β-D-glucosylamines was conducted using both coating and diffu-
sion methods (46-49). To do this, 20 mL of culture media prepared by
mixing tryptose broth (Difco 262200) or nutrient broth (Difco 234000)
with 15% (w/w) agar (Difco 215530) for L. innocua and S. typhimurium,
respectively, was poured to each Petri dish.

Coating method. Compounds were tested at concentrations in the
range of (0.25-2) � 10-4 mol mL-1. Two milliliters of the tested
compound was poured in each test Petri dish and spread on the surface
of the agar medium. Dishes were then left opened for 1 h in a sterilized
chamber to enable solvent to evaporate. Then, about 100-300 cells/plate
of an 18 h microbial culture were deposited on the medium prior to
incubation at 37 �C for 48 h before to colony counting. The initial
microbial charge of an 18 h culture was evaluated from preliminary
numeration experiments on tryptose and nutrient broth, respectively, for
listerial and nonlisterial strains. Moreover, the initial cell number was
confirmed by the control assays conducted in parallel without biocide. The
control experiments without any compounds to be tested were conducted
in parallel and all experiments were in triplicate. The effectiveness of
N-alkyl-β-D-glucosylamines was determined as percentage of inhibition
calculated as follows:

Percentageofinhibition ¼ CFUincontrolplates-CFUintestplates

CFUincontrolplates
� 100

where CFU is colony-forming units.

Diffusion Methods
Method 1: Disk Diffusion Method. One-hundred microliters of

inoculum from the microbial culture was gently spread on the surface of
agar medium. Six-millimeter-diameter cellulosic disks dipped in the test
solutions were deposited on the agar medium surface. A range of
concentrations from 0.1 � 10-5 to 0.5 � 10-5 mol mL-1 was used for
each assay. Control disks dipped in the selected solvents were concurrently
tested. Thereafter plates were incubated at 37 �C for 24 h prior to
determination of the diameters of inhibition zones surrounding the disks.
Each test was performed three times, andmeans of diameters of inhibition
zones were calculated.

Method 2: Well Diffusion Method. The well diffusion method
was performed based on previous work (50). Thirty milliliters of inocu-
lated agarmediumwith the fresh culture (0.1%, v/v) was poured into Petri

Figure 1. Structure of different glucosylamines.
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dishes. After solidification, wells of 6-mm diameter were created. Seventy
microliters of different concentrations of glucosylamines diluted in selected
solvents were deposited in wells. Petri dishes were then incubated at 37 �C
for 24 h after 4 h at 4 �C. Control wells were filled with solvents used to
dissolve compounds. Inhibition zones around the wells were measured in
millimeters and all experimentswere conducted in triplicate. Theminimum
inhibitory concentration (MIC) was the lowest concentration of the test
compounds that completely prevented growth.

Analysis of Results. Results from both antifungal and antibacterial
assays were statistically analyzed using one-way analysis of variance
(ANOVA). The significant difference between activities of compounds
tested was obtained when the probability (p) found was higher than the
significance threshold of 0.05. Student t test was also used as an additive
analysis for comparing every pair of significantly different data to confirm
results obtained from ANOVA.

RESULTS AND DISCUSSION

1H NMR Analysis of Glucosylamines. The synthesis process
and analysis of some glucosylamines used in this study was
previously reported (43). DEtGPA was synthesized and charac-
terized in this study. Its structure was confirmed by 1H NMR
spectra. Signals in the formof two symmetricmultiplets appeared
at chemical shifts ranging from 2.89 to 2.65 ppm and indicated
four protons associated with two methylene groups neighboring
the nitrogen atom. Furthermore, another signal in the form of a
triplet was found at the chemical shift of 1.06 ppm and indicated

six protons of two methyl groups. Signals appeared at chemical
shifts ranging from 4.11 to 3.32 ppm and represented the pyrano-
syl group protons. In addition, an Hβ-1 doublet of DEtGPA was
found at a chemical shift of 4.11ppm lower than that ofβ-glucose,
4.65 ppm (51), and this indicated the electron donor effects of
both N-ethyl groups of this compound. Hydrolysis of all gluco-
sylamines was followed daily by 1H NMR by estimating the
percentage of glucosylamines released in the solutions (Figure 2).
Integration and comparison of Hβ-1 signals of glucosylamines
were taken as reference, and plots of hydrolysis kinetics are repre-
sented in Figures 3 and 4. The glucosylamine soluble in D2O
showed relatively high hydrolysis rates. GPA was more stable
in water than others, while DHEtGPA was the least stable
(Figure 3). In contrast, the hydrolysis rates of compounds in
CD3OD were moderate, and HeGPA was quite stable compared
withOcGPAandDoGPA (Figure 4). These results suggested that
the hydrolysis rate may be closely connected with the type of
aglycon and thus to the amine basicity. The stability of GPA in
water is in accordance with the results of Pigman et al. (44). The
moderate hydrolysis of glucosylamines in CD3OD may be
due notably to the lower acidity of methanol compared with
water, being less favorable to N-protonation and thus to the
hydrolysis process. According to Pigman et al. (44), the hydro-
lysis of glucosylamines is strongly dependent on the solution
acidity.

Figure 2. Example of glucosylamine decomposition analysis by 1H NMR spectroscopy.

Figure 3. Estimated hydrolysis kinetics of D2O soluble glucosylamines.
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Antifungal Activity Assessment. The antifungal activity of
glucosylamines against F. proliferatum was evaluated by the
radial growth method. After 9 days of incubation, the inhibition
percentage was calculated. The impact of the alkyl chain length,
the degree of N-substitution, and the N-hydroxyalkylation of
glucosylamines was evaluated. The results are presented in
Table 1.

Results are in accordance with a previous report in which the
antifungal activity of glucosylamines directly increased with the
length of alkyl chain (43). At the concentration of 1.5� 10-4 mol
mL-1, the most active glucosylamines, HeGPA, OcGPA, and
DoGPA, completely inhibited the fungal growth. At concentra-
tions of (1-1.5) � 10-4 mol mL-1, there is no significant differ-
ence between the activities obtained from DoGPA and OcGPA.
However at lower concentration of 0.5 � 10-4 mol mL-1,
DoGPA showed significantly higher activity (p < 0.05) than
OcGPA. It completely inhibited the mycelium growth of F.
proliferatum, while OcGPA led to 71% inhibition. Furthermore,
during this study, OcGPA was significantly more effective than
HeGPA. Glucosylamines with short alkyl chains, until BuGPA,
were significantly less active than glucosylamines such as HeG-
PA, OcGPA, and DoGPA (Table 1). The high efficiency of these
more active glucosylamines could be due to high hydrophobic
and surfactant characters. Indeed, the ability of surfactant
compounds to inhibit fungi and their mechanism of action were
previously reported (52). In addition, the impact of alkyl chain on
the biological activity of molecules was also mentioned (34, 43,
53-58). The lackof activity for thewater-soluble glucosylamines,
those with short alkyl chains, may be partially explained by their
rapid hydrolysis during the first 24 h compared with the metha-
nol-soluble glucosylamines (Figures 3 and 4); however, further
statistical analysis enabled us to observe significant (p < 0.05)

differences in the biological activity due to the introduction of
hydroxyl group to ethyl chain and this between EtGPA and
HEtGPA. Nevertheless results from DEtGPA, HEtGPA, and
DHEtGPA were not statically significantly different, and further
studies may be conducted to confirm this. Due to interesting
antifungal activity obtained from DoGPA, OcGPA, and HeG-
PA, their impact on the mycotoxin production, such as the
fumonisin biosynthesis, will be studied in the future.

Antibacterial Activity Assessment. Two bacteria, one Gram-
positive, L. innocua, and one Gram-negative, S. typhimurium,
were selected to evaluate the antibacterial activity of synthesized
glucosylamines. L. innocua was chosen instead of the pathogenic
L. monocytogenes not only because of its closely similar behavior
toward inhibitors with the pathogenic listerial strain but also
because it can be easily manipulated (48,59). The assessment was
madeby threemethods, and the results complemented eachother.
Results from the numeration in coating method were used to
calculate the percentage of inhibition and are grouped in the
Tables 2 and 3. Glucosylamines with short alkyl chains, fromC-2
to C-4, did not show any significant antibacterial activity against
L. innocua and S. typhimurium, while HeGPA, OcGPA, and
DoGPA significantly (p< 0.05) decreased the number of CFUs
of both bacteria. For concentrations of (0.01-1) � 10-4 mol
mL-1, DoGPAwas found to be the most effective glucosylamine
against the selected bacteria. This compound completely inhib-
ited L. innocua and S. typhimurium growth at the low concentra-
tions of 0.025 � 10-4 and 0.05 � 10-4 mol mL-1, respectively,
while HeGPA and OcGPA exhibited quite similar antibacterial
activity at higher concentrations of 2 � 10-4 mol mL-1. At all
concentrations tested, the antibacterial activities from HeGPA
and OcGPA are not significantly different. The mechanism of
action of these compounds was not studied; however, their
biological activities were reported in the past. For example,
according to Srivastava et al. (60), glucosylamines inhibited
DNA-dependent ligases and their vital biological roles like
replication and repair process, which catalyze the joining of nicks
between adjacent bases of double-stranded DNA. Furthermore,
it was reported that these compounds can be used as chelating
agents (61-63). In this way, they can bind trace of metals, which
are actually needed bymicroorganisms from culture medium and
thereby inhibit their growth.

As for antifungal properties, the increasing antibacterial activ-
ity with the length of alkyl chains may be due to the hydrophobic
and surfactant characters, which increase with the length of alkyl
chains (64, 65). In addition, Brenner-H�enaff et al. (66) reported
that surfactant compounds exhibit a good solubilizing power
toward membrane proteins especially for spiralin, a bacterial
surface antigen.

Figure 4. Estimated hydrolysis kinetics of CD3OD soluble glucosylamines.

Table 1. Antifungal Activity of Different N-Alkyl Glucosylamines at Different
Concentrations against F. proliferatum Growth

percentage of inhibition ( SEM

glucosylamines

0.5 � 10-4

mol mL-1
1 � 10-4

mol mL-1
1.5 � 10-4

mol mL-1

GPA 4.3( 0.4 10.2( 1.1 22.4( 1.2

EtGPA 3.1( 0.4 9.4 ( 0.7 20.3( 0.9

BuGPA 17.2( 0.4 44.4( 0.3 46.7( 0.4

HeGPA 43.2( 2.0 76.5( 0.7 100.0( 0.0

OcGPA 71.0( 0.4 100.0( 0.0 100.0( 0.0

DoGPA 100.0 ( 0.0 100.0( 0.0 100.0( 0.0

HEtGPA 11.8( 0.7 20.4( 0.4 29.2( 0.5

DHEtGPA 10.1( 0.5 22.5( 0.5 27.2( 0.4

DEtGPA 5.9( 1.2 17.2 ( 0.4 28.1( 3.1
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Because of the noted N-alkyl glucosylamine hydrolysis in
solution, the antibacterial activity of alkylamines used to synthe-
size these products was also tested in this study to determine their
possible interference in the obtained results (Tables 2 and 3).
Hexylamine, octylamine, and dodecylamine showed pronounced
antibacterial activity; however, the antibacterial activity of corre-
spondingglucosylamines suchusHeGPA,OcGPA,andDoGPA,
respectively, was significantly (p < 0.05) more pronounced than
those of these alkylamines. These results conformed to those
previously reported and confirmed the role of glucosyl groups in
cell recognition (67-69). The antibacterial activity obtained from
EtGPA, HEtGPA, DHEtGPA, and DEtGPA was not signifi-
cantly pronounced. During this study, contribution of both N-
hydroxyalkylation and degree of N-substitution of glucosyl-
amines on their biological activity was suspected; however,
statistical analysis done between antibacterial activities of EtGPA
and DEtGPA and HEtGPA and DHEtGPA, on one hand, to
assess the contribution of the degree of N-substitution and those
of EtGPA and HEtGPA and HEtGPA and DHEtGPA, on the
other hand, to assess the contribution of N-hydroxyalkylation,
did not show any significant differences at all concentrations
tested; thismaybedue to the higher hydrolysis rate observed from
both DEtGPA and DHEtGPA (Figure 3). Consequently, further
study of these compounds may be conducted to verify this
assumption.

The antibacterial activity assessment of different glucosyl-
amines was also evaluated using the disk diffusion method.
All glucosylamines were evaluated at the concentrations ranging
from0.1� 10-4 to 0.5� 10-4molmL-1 (Figure 5). OnlyDoGPA

inhibited the growth of both bacteria in the considered range of
concentrations. Other glucosylamines did not show any clear
zones of inhibition surrounding the disks. The well diffusion
method was used (1) to eliminate a possible interaction between
the paper-based disk and the biocide, (2) to confirm the results
obtained from DoGPA, and (3) to estimate the minimal inhibi-
tory concentration of this new antibacterial inhibitor. A concen-
tration range similar to that previously used in the disk diffusion
method was used. Diameters of clear inhibition zones surround-
ing the wells were measured after 48 h of incubation, and results
are grouped in Table 4.

With the disk-diffusion method, DoGPA inhibited the growth
of L. innocua and S. typhimurium at the concentration of 0.05 �
10-4molmL-1, with inhibitiondiameters of about 16 and 14mm,
respectively. At the same concentration, inhibition diameters of
15 and 13 mm for L. innocua and S. typhimurium, respectively,
were obtained for DoGPA when the well-diffusion method was

Table 2. Inhibition of L. innocua by Both Glucosylamines and Corresponding Free Amines at Different Concentrations

percentage of inhibition ( SEM

concentrations (�10-4 mol mL-1)

biocides 0.01 0.025 0.05 0.1 0.25 0.5 1 2

EtGPA 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.3 ( 0.1

(0.0( 0.0)a
1.1( 1 4.8( 2

BuGPA 0.0( 0.0 0.0 ( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 2.5( 1

(0.0( 0.0)a
6.2( 3 19.2( 1.7

HeGPA 0.0 ( 0.0 8.2 ( 2 19.8( 1.4

(8.9( 3.5)a
46.6( 3.6 51.2( 2.9 75.4( 14.3

(44.4( 3.1)a
90( 4.5 100 ( 0

OcGPA 0.0( 0.0 11.6( 7 29.8( 1.7

(17.1 ( 1.2)a
45.7( 4.8 58.5( 4.5 79.4( 10.7

(48.2( 3.5)a
89.7( 9.2 100 ( 0

DoGPA 77.6( 11.2

(42.5( 4.7)a
100 ( 0 100 ( 0 100 ( 0 100 ( 0 100 ( 0

(75.3( 2.6)a
100 ( 0 100 ( 0

DEtGPA 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 2.2 ( 1 (0.0( 0.0)a 4( 2 7.8( 3

HEtGPA 0.0( 0.0 0.0 ( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 3.7( 1 (0.0( 0.0)a 5.9( 3 8.4( 7

DHEtGPA 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 1.7 ( 1 (0.0( 0.0)a 4.8( 3 9.5( 2

aAntibacterial activity of corresponding free amines.

Table 3. Inhibition of S. typhimurium by Both Glucosylamines and Corresponding Free Amines at Different Concentrations

percentage of inhibition ( SEM

concentrations (�10-4mol mL-1)

biocides 0.01 0.025 0.05 0.1 0.25 0.5 1 2

EtGPA 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0 ( 0.0 0.0( 0.0 0.0( 0.0 (0.0( 0.0)a 1.3( 1.0 2.1( 1.0

BuGPA 0.0( 0.0 0.0 ( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 1.3( 1 (0.0( 0.0)a 4.3( 1.0 9.5( 4.1

HeGPA 0.0( 0.0 4.7 ( 2.0 15.6( 4.0 (6.7( 5.7)a 25.5( 1.7 33.5( 2.0 51.2( 2.7 (17.5( 3.6)a 65.2( 7.1 79.8( 10.0

OcGPA 0.0( 0.0 8.9 ( 5.0 27.4( 1.4 (10( 2)a 34.3( 1.1 44.2( 2.4 58.6( 2.9 (20.0( 4.4)a 67.7( 5.9 84.2( 8.6

DoGPA 84.7( 1.0

(30.0( 2.0)a
92.8( 5.6 100 ( 0 100 ( 0 100 ( 0 100 ( 0 (51.8( 2.0)a 100 ( 0 100 ( 0

DEtGPA 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0 ( 0.0 (0.0( 0.0)a 2.6( 1.0 5.9( 2.0

HEtGPA 0.0( 0.0 0.0 ( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 (0.0( 0.0)a 1.5( 1.0 4.3( 1.0

DHEtGPA 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 0.0( 0.0 (0.0( 0.0)a 2.6( 1.0 5.9( 2.0

aAntibacterial activity of corresponding free amines.

Figure 5. Inhibition clear zones of L. innocua and S. typhimurium obtained
from DoGPA by the disk diffusion method.
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used. According to Johnson andCase (70), the activity of biocides
can be considered as effective against bacteriawhen the inhibition
diameter is over 16 mm. In this study, a DoGPA concentration
of 0.05 � 10-4 mol mL-1 led to an inhibition diameter close to
16 mm, and thus it might be used as the minimal effective con-
centration against both bacteria. In addition, the well-diffusion
method was enabled to estimate the MIC of DoGPA at 0.02 �
10-4 (0.8μgmL-1) and 0.025� 10-4 (0.7μgmL-1) molmL-1 for
L. innocua and S. typhimurium, respectively.

The combination of the results from coating methods with
MIC values suggested thatL. innocua is themost sensitive toward
these compounds. The mechanism of action was not determined
but different sensitivity between these bacteria toward inhibitors
can be explained by the difference noted in the chemical compo-
sitions of their cell walls. S. typhimurium is a Gram-negative
bacterium with phospholipids and porines in its external wall,
leading to a strong barrier to external agents. In contrast,
L. innocua as a Gram-positive bacterium possesses a cell wall
essentially composed of peptidoglycans. It was reported that
this wall composition is not strong enough to stop the entrance
of all external substances (71-73). The higher sensitivity of
Gram-positive bacteria than Gram-negative bacteria toward
hydrophobic biocides was also reported in the past (64). In
addition, it was mentioned that the presence of porines and
lipopolysaccharides in the external membrane of Gram-negative
bacteria strongly increases their defense ability (71). In this study,
L. innocua, a Gram-positive bacterium, is more sensitive to the
compounds tested than S. typhimurium, a Gram-negative bacte-
rium. This is in accordance with the mentioned literature and
supported our observations. However, a further biological study
of these products is needed to well understand their mechanisms
of action.

In conclusion, DoGPA was more effective than other gluco-
sylamines tested and may be exploited to fight F. proliferatum,
L. innocua, and S. typhimurium. However, the study of its toxico-
logical profiles must be carefully done before its application to
avoid any environmental contamination.
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