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Abstract—Antimicrobial activities of aminoreductone (AR), a
product formed in the initial stage of Maillard reaction, were screened
against pathogenic bacteria. A significant growth inhibition of AR
against all 7 isolates (Staphylococcus aureus ATCC® 25923™,
Salmonella typhimurium ATCC® [4028™, Bacillus cereus ATCC®
13061™ Bacillus subtilis ATCC® 11774™ Escherichia coli ATCC®
25922™, Enterococcus faecalis ATCC® 29212™, Listeria innocua
ATCC® 33090™) were observed by the standard disc diffusion
methods. The inhibition zone for each isolate by AR (2.5 mg) ranged
from 15+0mm to 28.3+0.4mm in diameter. The minimum inhibitory
concentration (MIC) of AR ranging from 20mM to 26mM was proven
in the 7 isolates tested. AR also showed the similar effect of growth
inhibition in comparison with antibiotics frequently used for the
treatment of infections bacteria, such as amikacin, ciprofloxacin,
meropennem and levofloxacin. The results indicated that foods
containing AR are valuable sources of bioactive compounds towards
pathogenic bacteria.

Keywords—Pathogenic ~ bacteria, aminoreductone, Maillard
reaction, antimicrobial activity.

I. INTRODUCTION

HE Maillard reaction, a heat-treatment-induced chemical

reaction between amino and carbonyl groups, is significant
for foods because it strongly affects the quality and acceptance
[1]. The formation of aminoreductone (AR) in the initial stage
of the Maillard reaction was first reported by Pischetsrieder et
al. in a heating solution of lactose and N”-acetyllysine [2].
Because AR can be detected after only short period of heating,
it is an important indicator for estimating the extent of the
Maillard reaction and heat treatment of food [3], [4].
Elucidation of the role and characteristics of AR are, therefore,
of great interest to food scientists. So far, an antioxidant activity
[5], a protective effect on photo-degradation of riboflavin, and
an antimicrobial activity against Helicobacter pylori, a
Gram-negative rod, of AR
(1-(butylamino)-1,2-dehydro-1,4-dideoxy-3-hexulose) derived
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from the Maillard reaction of lactose and butylamine were
reported [5]. Thus, we hypothesized that AR interferes with
certain physiological behaviors such as viability and growth of
other pathogenic bacteria.

Antibiotics provide the main basis for the therapy of
bacterial infections. However, overuse and misuse of
antibiotics has become the major factor for the emergence and
dissemination of multi-drug resistant strains of several groups
of microorganisms [6]. Thus, in light of the evidence of rapid
global spread of resistant clinical isolates, the need to find new
antimicrobial agents is of paramount importance [7].

In an attempt to seek alternative agents to antibiotics, and to
further explicate the functional properties of AR, this study
focused on investigating the effects of AR against
food-spoilage and pathogenic bacteria: Staphylococcus aureus
subsp. aureus ATCC® 25923™ Salmonella enterica subsp.
enterica serovar Typhimurium ATCC® [4028™, Bacillus
cereus ATCC® 13061™, Bacillus subtilis ATCC® 11774™,
Escherichia coli ATCC® 25922™,  Enterococcus faecalis
ATCC® 29212™ and Listeria innocua ATCC® 33090™ and in
the comparison with the effects of antibiotics (amikacin (AN),
ciprofloxacin (CIP), imipennem (IPM) and levofloxacin
(LVX)).

II. MATERIALS AND METHODS

A. Reagents

Mueller-Hinton broth (MHB) was obtained from Becton,
Dickinson and Company. (Cockeysville, MD). Commercially
available standard discs (p = 6 mm) of amikacin (AN: 30 pg
disc™), ciprofloxacin (CIP: 5ug disc™), imipenem (IPM: 10 pg
disc™), and levofloxacin (LVX; 5 pg disc™) were also obtained
from Becton, Dickinson and Company. Lactose monohydrate
was purchased from Nacalai tesque, Inc. (Kyoto, Japan).
n-Butylamine and agar were obtained from Wako Pure
Chemical Industries (Osaka, Japan). All other reagents were of
the highest grade commercially available. Milli-Q water or
sterilized water was used in all procedures

B. Preparation of AR and its Degradation Product

Purified AR was prepared according to our previous reports
[2], [5]. Briefly, lactose monohydrate (262mM) and butylamine
(1.16M) were dissolved in 1.28M phosphate buffer (pH 7.0).
The sample solution (10ml) was heated at 100°C for 15min,
cooled on ice and extracted three times with double volume of
ethyl acetate and the ethyl acetate layer was evaporated to
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dryness under reduced pressure. The residue was dissolved in
10 ml of 20% methanol and filtered through a Sep-Pak Plus
C18 cartridge (Waters Corporation, Milford, MA) (activated by
5 ml of ethanol and equilibrated using Milli-Q water) to remove
brown components (melanoidin). The clear elute was
evaporated again and freeze-dried under reduced pressure to
collect the purified AR. The concentration of AR was
calculated with the extinction coefficient of AR (17.98M™
cm™) at 320nm [2].

C. Bacterial Strains and Culture Conditions

The 7 food spoilage and pathogenic species: Staphylococcus
aureus subsp. aureus ATCC® 25923™, Salmonella enterica
subsp. enterica serovar Typhimurium ATCC® [4028™
Bacillus cereus ATCC® 13061™, Bacillus subtilis ATCC®
11774™  Escherichia coli ATCC® 25922™  Enterococcus
faecalis ATCC® 29212™ and Listeria innocua ATCC®
33090™ were used in this study. All strains were grown on the
MHB (Mueller-Hinton broth) plates supplemented with 1.4%
agar and incubated at 37°C under aerobic conditions for 24h.
Whenever appropriate, MHB liquid medium was used in this
study [5].

D.Disc Diffusion Susceptibility Methods

Using the filter paper disc diffusion method on the MHB
agar plate, the bacterial growth inhibition by AR was assessed
[8]. Purified AR was diluted in Milli-Q water and dropped to
the disc. Sterilized standard discs (¢ = 6mm) containing 2.5mg
of AR were placed on the MHB agar plates previously spread
with 0.1ml of bacterial suspension (ODgoo = 0.1) in MHB liquid
medium. The plates were incubated for 24h at 37°C under
aerobic conditions. Then the inhibition zones were measured
and recorded in millimeter and an average diameter of at least
two repetitions was calculated. Four standard commercially
available antibiotic discs, such as AN (amikacin), CIP
(ciprofloxacin)), IPM (imipenem) and LVX (levofloxacin),
were also utilized in this assay.

E. Determination of Minimum Inhibitory Concentrations
(MIC)

MIC of AR against all 8 strains was determined using an agar
dilution method described previously [5], [6]. Purified AR was
diluted in Milli-Q water. 750ul of AR solution at given
concentrations was separately added to each dish containing
14.25ml of yet-not-solidified MHB agar. The final
concentrations of AR in the agar plates ranged from 0 to 30mM.
Subsequently, each 10ul of bacterial suspension (ODggy = 0.1)
was serially 10-fold diluted and inoculated onto the surface of
the AR-supplemented agar plates, then incubated at 37°C for
48h under aerobic conditions. Sterilized water was used as a
control for all experiments. The number of colony forming
units (CFU) was determined as a measure of bacterial viability
[6]. MIC was defined as the lowest AR concentration to inhibit
5 x 10" CFU compared to that of controls. In addition, the
AR-derived Maillard reaction product (MRP) was also used
and compared with AR in this study. All tests were performed
in duplicate at least.

III. RESULTS

A. Inhibition Effects of AR and Antibiotics against
Pathogenic Bacteria

The inhibitory effects of AR to all test strains were examined
by the standard disc diffusion method and agar dilution method
which are widely used to study the bioactivity of chemical
compounds. The inhibition zone for each isolate by AR (2.5
mg) was shown in Table I. The inhibition zone for each isolate
by AR (2.5mg) ranged from 15+0mm (Bacillus cereus ATCC®
13061™) to 28.3+0.4mm (Staphylococcus aureus ATCC®
25923™) in diameter indicated that all isolates exhibited
sensitivity to AR. Previously, Ukeda et al. and Trang et al.
observed that the addition of Cu*" could drastically decrease the
AR concentration in the UHT-treated milk [9], [10]. Hence, to
clarify the antimicrobial ability of AR on food spoilage and
pathogenic bacteria, 5ug of Cu®" was added into the disc
containing 2.5mg of AR. In the present of Cu®’, the drastically
decrease of the inhibition zones were recognized (Table I). On
the other hand, the disc containing 5pg of Cu?" did not show the
inhibition effect on tested strains. AR reportedly has a labile
AR structure [4], so it can be subjected to the degradation
process, followed by the advanced stages of the Maillard
reaction, to form melanoidin, antimicrobial compounds, during
storage [1], [2], [S]. However, in accordance with the decrease
of AR concentration in the disc by the addition of Cu?", the
growth inhibition activities were decreased respectively in all
isolates. These results indicated that AR itself possessed the
potential effectiveness to inhibit the growth of all isolates of
food spoilage and pathogenic bacteria.

The fluoroquinolone antibacterial agents such as LVX and
CIP [11], PB-lactam antibiotic such as IPM [12] or
aminoglycoside antibiotics such as AN [13] are widely used
alone or in combination with other antimicrobial agents for the
treatment of various serious infections caused by aerobic
Gram-negative bacteria or aerobic Gram-positive cocci.
Inhibition growth of those antibiotics against all tested bacteria
was investigated by using the standard commercial discs and
compare with the inhibition effect of AR (Table I). AR, a
natural product formed during food processing, showed quite
similar inhibition effects with 4 antibiotics used may provide
insight to scientists searching for the alternative antibiotic
reagents.

The inhibitory effects of AR to 7 tested strains were
confirmed by an agar dilution method. Good agreement was
found between the results obtained from the disc diffusion
method and the agar dilution method. All the strains exhibited
susceptibility to AR at concentrations lower than 26 mM (Table
I). The MIC values ranging from 20mM (for L. innocua) to
26mM (for S. typhymurium, B. subtilis, and E. coli) in all
isolates. The results suggest that AR can be used as an
antimicrobial agent as an adjuvant therapy for the eradication of
pathogenic bacteria infection.
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TABLEI
INHIBITORY EFFECTS OF AMINOREDUCTONE ON MICROORGANISMS

“Inhibition zone (mm)

. MIC
No. Strain AR N - AN LVX IPM CIP (mM)
@Q5mgdisch) ARandCu" (Gpgdisc) 39 0disc’)  (Spgdisc?) (10 pgdisc) (5 pe disc!)

1 S. aureus 28,3+0,4 nd. 29,8+0,4 31+0,7 32,8+0,4 3120 24
2 S typhymurium 23,740,2 n.d 27,7412 35,840,4 33,7412 35,7+1,6 26
3 B. cereus 1540 n.d. 27,8404 25,4+0,6 10,2+0,5 27,540,7 22
4 B. subtilis 17£0,7 n.d. 35,5£0,7 354412 37,5£0,7 38,507 26
5 E. coli 20,9+0,07 nd. 29+0,4 34,8405 32,840,2 38,3+ 0,2 26
6 E. faecalis 19,8+0,4 nd. 18,5£0,7 26,9+0,1 17,9£1,6 27,540,7 24
7 L. innocua 23,3 40,4 n.d. 28+0 27,3+0,4 26,7+0,2 27,3+0,4 20

"Diameter of each disc was 6 mm and values are mean of duplicate; LVX, Levofloxacin; CIP, Ciprofloxacin; IPM, Imipenem; AN, Amikacin; n.d., not

determined.

B. Screening for the Antimicrobial Activity of AR in a
Combination with Antibiotics

Combined antibiotic therapy has been shown to delay the
emergency of bacterial resistance and may also produce
desirable synergistic effects in the treatment of bacterial
infections [14]. Drug synergism could be beneficial
(synergistic or additive interaction) or deleterious (antagonistic
or toxic outcome) [14]. The combination effects of AR and
antibiotics were tested in all strains.

By observing the interaction of the zones of inhibition of
bacterial growth produced by individuals (AR and antibiotics),
no antibiotic antagonism occurred indicating that the uptake of
food containing AR does not interfere with the activity of
antibiotics in the treatment of pathogenic bacteria. In the case of
E. coli, S. typhymurium, several resistant strains appeared in the
inhibition zone of the discs containing IPM (Fig. 1). Despite
that the standard disc diffusion method is widely used to study
the bioactivity of chemical compounds, the ability of
compounds in the diffusion through the nutrient agar medium is
a major limitation in the evaluation of the antimicrobial effects
using this method.

The antimicrobial effect showed in all tested strains arising
to the possibility that foods containing AR could be valuable
sources as antibacterial ingredients. However, the exact
antimicrobial mechanism of AR is still unknown. Thus, in the
near future, investigating the mechanisms by which AR, an
early Maillard reaction product, possesses the antimicrobial
activity is of interest to understand the application with these
products for therapeutic efficacy. Over all, the present study
can supply useful information for identifying the technological
conditions which can favor the formation of the Maillard
reaction products such as AR as functional ingredients in food.

Fig. 1 The inhibition zones of 4 antibiotic discs (IPM (A), LVX (B),
AN (C) or CIP (D)) in combination with 2.5 mg of AR and the
mixtures of each antibiotic + AR in E. coli. Allows denote colonies
appeared within the inhibition zones induced by IPM (A). The obscure
border areas due to fusion at contact point of the inhibition zones
induced by AR and antibiotics (LVX, AN and CIP), suggesting the
synergistic effect to inhibit the growth. No colonies observed in the
fused area in combinations as well as the mixtures indicate that AR has
at least no antibiotic antagonism
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