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ABSTRACT

The aim of this study was to determine the antiab@l potential of aminoreductone (AR),
a product formed in the initial stages of the Mad reaction, against common food-borne
bacteria included food-spoilage and food-pathogdmicteria $taphylococcus aureuss.
aureus, Bacillus subtilis(B. subtilig, Enterococcus faecali€E. faecali$, Listeria innocua(L.
innocug, Listeria monocytogene@.. monocytogengsEscherichia coli(E. coli), Salmonella
Typhimurium(S. Typhimuriup). The result indicated that AR was a strong iitbibagainst all
bacteria by disc susceptibility assay with inhibitizones ranged from 17 mm.(subtili§ to
24.3 mm §. aureuyin diameter. The minimum inhibitory concentragofMIC) of AR ranged
from 20 to 26 mM. Among test strains, AR possedsactericidal action to five specieS.(
aureus, B. subtilis, L. innocua, L. monocytogeardS. Typhimuriumat the concentration of
less than 1& MIC. AR also showed strong inhibitory effect agaifood-borne bacteria even in
milk (UHT milk and raw milk). These findings suggethat AR, a naturally formed
antimicrobial agent present in thermally procestmmtls, has a promising potential for food
preservation..
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1. INTRODUCTION

Generally, microbial activity is a primary mode d#terioration of many foods and is often
responsible for the loss of quality and safety.ifdge bacteria cause to unpleasant odors, tastes
and textures of the foods [1]. Besides, food-bgpathogen lead to outbreaks of food-borne
diseases, which are world-widely increasing [2]slestimated that the mortality of food-borne
diarrheal diseases are about 4 to 6 million per j#aFood-borne ilinesses and food spoilage
associated witle. coli, S. aureug4], L. monocytogend®] andS. Typhimurium etc. are caused
by consumption of food products contaminated whikse bacteria. Many attempts, such as use
of synthetic preservatives, have been made to @onticrobial growth and to reduce the
incidence of food poisoning and spoilage with aidrobial chemicals in decades [6]. However,
they are sometimes associated with adverse effedtgding hypersensitivity, allergic reaction
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and immunity suppression [7]. Therefore, there bagn a growing interest in research
concerning alternative constituents based on theamt of naturally and/or natural products.

Aminoreductone (AR), formed in the initial stagetioé Maillard reaction during heating, is
a very important indicator for estimating the exteh Maillard reaction or the extent of heat
treatment in food [8]. In recent years, the undarding on the role and characteristic of AR has
attracted more attention for its use in food prestgon. So far, the biological functions of AR
such as an antioxidant activity [9], a protectifie& on photo-degradation of riboflavin in milk
and the antimicrobial activity against pathogeréctbria Helicobacter pyloriand S. aureu$
were reported [10]. In an attempt to seek alteveaftbod preservatives and to further explicate
the functional properties of AR, the purpose ofthtudy is to investigate the antimicrobial
activities of AR against food-borne bacteria inéghgdof S. aureusB. subtilis E. faecalis L.
monocytogenes. innocua E. coli andS. Typhimurium.

2. MATERIALS AND METHODS
2.1. Reagents

Mueller-Hinton broth (MHB) and commercially availatstandard discsp(= 6 mm) such as
amikacin (AN: 30 mg dist), ciprofloxacin (CIP: 5 mg disb, imipenem (IPM: 10 mg disd
and levofloxacin (LVX; 5 mg dist) were obtained from Becton, Dickinson and Compigw
Jersey, USA). Lactose monohydrate was purchased facalai Tesque, Inc. (Kyoto, Japan).
n-Butylamine and agar were obtained from Wako Puren@ical Industries (Osaka, Japan). All
other reagents were of the highest commercial gaadéable. Milli-Q water or sterilized water
was used in all procedures. The milks (raw and Uhilk; 130 °C, 2 s) were supplied by
Vinamilk Co. Ltd (Vietnam). Raw milk was transpattand stored at ZC after collected from
healthy cows by the standard hygiene proceduren &fter arriving at the laboratory (within
1 h), the milk was used for the experiment.

2.2. Preparation of Aminoreductone

Purified AR was prepared according to our previoeports [8]. Briefly, lactose
monohydrate (262 mmol™) and butylamine (1.16 mol*) were dissolved in 1.28 mol'|
phosphate buffer (pH 7.0). The sample solutionrflpwas heated at 10 for 15 min, and
immediately cooled on ice. The heated sample swlutias extracted three times with a double
volume of ethyl acetate and the ethyl acetate layes evaporated to dryness under reduced
pressure. The residue was dissolved in 10 ml dko2@ethanol and filtered through a Sep-Pak
Plus C18 cartridge (Waters Corporation, Milford, MASA) (activated by 5 ml of ethanol and
equilibrated using Milli-Q water) to remove broworngponents (melanoidin). The clear eluate
was evaporated again and freeze-dried under reduesdure to collect the purified AR. In a
previous study, Shimamura et al. (2004) reported"38- and'H-NMR data on this extracted
product, and their signals were assigned to the(Abutylamino)-1,2-dehydro-1,4-dideoxy-3-
hexulose) [8].

2.3 Bacterial strains and culture conditions

Nine common food-borne bacteria used in this st@8y aureus ATCC® 25923™,
B. subtilis ATCC® 11774™E. faecalis ATCC® 29212™L. innocua ATCC® 330907
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L. monocytogenes ATCC® 19112™. coli ATCC® 25922™and S Typhimurium ATCC®
14028™) were obtained from the American Type Culture &aibn. All strains were grown on
the MHB agar plates supplemented with 1.4 % agarinoubated at 37C for 24 h under
aerobic conditions.

2.4. Disc diffusion susceptibility methods

The growth inhibition of 9 food-borne bacteria wassessed using the filter paper disc
diffusion method on the MHB agar plate incubated3at’C under aerobic conditions [11].
Purified AR was diluted in Milli-Q water and dropgp®nto the disc. Sterilized standard discs
(p = 6 mm) containing 2.5 mg of AR were placed on kidB agar plates previously spread
with 0.1 ml of bacterial suspension (@pP= 0.1) in MHB liquid medium. The plates were
incubated at 37C for 24 h under aerobic conditions. The diametenhibition zones including
the disc ¢ = 6 mm) were measured and recorded in millimefEns. average size of at least two
repetitions was calculated. The inhibition zonerespnting more than 6 mm is defined as anti-
bacterial activity.

2.5. Determination of minimum inhibitory concentrations (MIC) of AR

MIC of AR against food-borne strains was determirted agar dilution method as
previously described [11]. Purified AR was diluted Milli-Q water. Aliquots (750 ul) of
serially diluted AR solutions were added to eaddhdiontaining 14.25 ml of not-yet solidified
MHB agar, ranging from 0 to 30 mmat ht the final concentrations. Subsequently, each!10
of bacterial suspension (Qfd= 0.1) was serially 10-fold diluted and inoculatedo the surface
of the AR-supplemented agar plates, then incubatt&¥ °C for 48 h under aerobic conditions.
Sterilized water was used as a control for all expents. The number of colony forming units
(CFU) was determined to evaluate the bacterialifiabMIC was defined as the lowest AR
concentration to inhibit % 10> CFU mI* compared to controls. In addition, the AR-derived
Maillard reaction product was also used and contpbarith AR. All tests were performed in
duplicate.

2.6. Determination of bactericidal activity of AR

To determine the bactericidal activity of AR againfeod-borne bacteria, killing
experiments were performed by liquid cultures ie fhiesence of 1, 2, 5 or 20MIC of AR,
according to the previous report [12]. The bactandtured in MHB medium for 24 h,
corresponding to the late exponential phase, wareelsted, washed with MHB medium and
then centrifuged at 8,0a9for 1 min (KUBOTA 1120, Kubota Corp., Tokyo, Japan remove
the supernatant. In 1.5 ml centrifuge tubes, 0.4fthe bacterial suspension {10FU mi™) in
fresh MHB medium with AR or without (controls) wenecubated under aerobic conditions
under shaking (Bio shaker BR-40LF, Taitec Co., L®hitama, Japan) at 3C for 7 h. At 1, 3,

5 and 7 h after incubation, each 10 pl of the susipa were serially 10-fold diluted and
inoculated onto the MHB agar plates and culture®fbh under aerobic conditions to determine
the cell viability. The bactericidal ability of ARas evaluated by CFU counts and compared
with the controls. All examinations were performedriplicate.

3. RESULTS AND DISCUSSION
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3.1. Anti-microbial activity of AR against food-borne bacteria

The anti-microbial activity of AR against the fobdfne bacteria was assessed by disc
diffusion method and the determination of MIC. Se¥eod-borne bacteria whose biological
features were individual such as Gram-staining,pinology, sporulation, and toxin-producing
were used. In Table 1, these demonstrated thathaRexd strong inhibitory effects on all strains
with appearance of inhibition zones at the conegiom of 2.5 mg/disc. The inhibition zones
ranged froml7 mm B. subtilig to 24.3 mm §. aureukin diameter.

Table 1.Growth inhibition of food-borne bacteria by aminduetone.

AR MIC MBC
Species (25mg (mmoll-1) (mmolI-1)
disc?
1 S.aureug+) 24.3+04 24 120
2 B.subtilis(+) 17.0+£0.7 26 260
3  E.faecalig(+) 19.8+0.4 26 n.d
4 L.innocua(+) 23.3+£04 20 200
5 L. monocytogenes 20.0 £ 0.0 20 40
+
6 (E.)coli O] 20.0+0.7 26 n.d
7 S Typhimurium(-) 23.7+0,2 26 130

* Diameter of each disc was 6 mm and the inhibitonle representing more than 6 mm is defined as
anti-bacterial activity; Values are the mean oflthgpes at least; AR, aminoreductone; (+), Grart)t;
Gram -; n.d., not determined; MIC, Minimum inhilrigaconcentration; MBC, Minimum bactericidal
concentration.

3.2. Minimum inhibitory concentrations (MIC) and Bactericidal activity of AR against
food-borne bacteria

The MIC values of AR against food-borne bacteriaged with 20 - 26 mM (Table 1).
Among seven bacterid, innocuaandL. monocytogenesere the most sensitive strain (MIC =
20 mM) to AR, followed byB. cereugMIC = 22 mM) andS. aureusvhereasB. subtilis E. coli
and S. Typhimurium were the most resistant (MIC = 26 mM). monocytogeneblas been
recognized to be one of the emerging zoonosis guhe last two decades [5]. It should be
noted that AR exhibited the strong inhibitory effemainstL. monocytogenesan important
food-pathogenic bacterium causing to the severed-tawne illness (listeriosis), an&.
Typhimurium andB.cereusthe food-borne bacteria produces toxins.

The growth inhibition of AR against all tested felbdrne bacteria was recognized. The
inhibitory action was further evaluated by killirmgsays with 1, 2, 5 or 10 MIC of AR to
determine the minimum bactericidal concentratiddBC) (Table 1). The MBC was determined
in 5 strains and the MBC values were higher tha@ Mdlues. The bactericidal effect of AR on
5 isolates & aureus B. subtilis L. innocua L. monocytogenesnd S. Typhimurium) was
observed at the concentration less tharxMAIC. The relative high bactericidal activity was
exhibited forL. monocytogeneat the concentration of>2MIC (40 mM), followed byS. aureus
andS. Typhimuriumat the concentration of 6MIC. On the other hand, no bactericidal effect of
AR on E. faecalisandE. coliwith 10 x MIC implied that more than 18 MIC of AR may be
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required to kill these bacteria and/or AR might gesses the bacteriostatic activities to these
strains. These results indicated that the killiffgat of AR differs among individual isolates
irrespective of MIC values and these biologicalpamies.

3.3. Antimicrobial activity of AR in milk

The surface properties of bacteria play an imponale to interact their environment [13].
Thus, food containing a lot of components, may cffthe resistant of bacteria against
antibacterial compounds. In previous studies, manghors had been reported that the food
components might affect the activity of antimicabcompounds in food. The antimicrobial
activity of essential oils against food borne baatgvas reduced 1000 times in food due to the
dissolution of essential oils in fat. AR is alwagsthe combination with protein in food [12]. It
might reduce the activity of AR against bacteridthdugh the antimicrobial activity of AR
against food-borne bacteria was clarifiedibyvitro assay with nutrient mediums, it was also
very important to confirm this activity in the ptmal samples. Bactericidal effect of AR on
three food-borne bacteri&. (aureus L. innocuaandS. Typhimuriumwas examined using UHT
milk and raw milk with multiplies of MIC. As showin Figure 1, AR also exerted a significantly
bactericidal effect on all three strains testechaweUHT milk. In general, MBC of AR was not
much difference between in the MHB broth and inkmidowever, the results indicated that AR
seemed to quickly kill bacteria in MHB medium thianJHT milk. In the case o8 aureus no
colony was found at 3 h after exposure of AR atabecentration of % MIC, but prolonged
time (5 hours) was needed in UHT milk. Similar tendy with S Typhimurium was also
obtained in between MHB medium (1 h) and UHT m8kh} to completely killing by AR.

Milk is liable to be infected by various microorgsms, mainly bacteria including lactic
acid bacteria, coliform bacteria, butyric acid lesiet, propionic acid bacteria and putrefaction
bacteria [14]. The quality of milk such as contaations of bacteria and impurities absolutory
depends on the clean hygiene of the breeding ahgsiry environments as follows; the pail or
milking machine, the strainer, the transport chomthe tank and agitator. Even in milk
assigning to top quality, the number of bacterjgptaximately 16 per ml) can be found in low.
As soon as possible, rapid chilling to beloWClis required for keeping great quality of the milk
Thus, we evaluated the anti-microbial activity dR Aising the fresh raw milk whose number of
initial bacteria was 1@fu per ml. Interestingly, the decreased numbdsauteria was observed
at the concentration more than 50 mM of AR (FigeixeThe inhibitory activities of AR seemed
to be the time-dependent and dose-dependent mamméhe raw milk with 20 mM of AR, the
bacterial growth completely stopped even at 7 ér aficubation at 37C.

Thus, the present of AR in raw milk might contribuwin bacterial growth inhibition and
prolongation of the storage time, leading to highldy conservation. In raw milk, the growth of
Bacillus spp.may limit the shelf life of the milk products cadsky thermo-resistant proteases
of bacterial origin. Because AR can reduce the rarmb bacteria in raw milk and presented the
antimicrobial activity againt8acillus spp. Thus, AR should be a very important naturally
formed active compound for raw milk pre-procesgnegitment [14]. Furthermore, more than 50
mM of AR would kill bacteria in raw milk.

Various micro-organisms cause food spoilage andh fiemful events are considerable
concerns in the food industry. Although AR may liegthigh amount and/or long incubation
time to exert the antimicrobial effect in food suhmilk, the potential ability of AR urge us to
consider the application of AR as a naturally fodna@tibacterial compound against food-borne
bacteria.
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Figure 1.Bactericidal effect of aminoreductone Sraureus L. innocuaandS. Typhimurium in MHB
(left side) and in UHT milk (right side) with mulies of MIC.

&, without AR (control)m, 1x MIC; A, 2x MIC; e, 5x MIC; o, 10x MIC. The killing curves shown are
representative curves; experiments were performeldiplicate.
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Figure 2. Antimicrobial activity of Aminoreductone agairsacteria in raw milk.

Aminoreductone was added in the raw milk at diffé@ncentrations
(®, control;®m, 5 mM; A, 10 mM;A, 20 mM; 50 mM; o, 100mM;€, 200 mM).

4. CONCLUSION

AR inhibited the growth and viability of albdd-borne bacteria irrespective of their
biological properties (Gram-staining, morphologyosulation, and toxin-producing). In addition,
the bactericidal effect of AR was effectively intbautrient medium and food (UHT milk and
raw milk). Although, further investigation will beequired to understand the mechanism of
antimicrobial action of AR and its safety in fogap#ication, AR might be potentially a valuable
agent for food preservation. This study provideefuisnformation to consider the technological
conditions including AR producing in the Maillardaction as functional ingredients in food for
the food shelf-life.
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TOM TAT

ANH HUONG CUA AMINOREDUCTONE TOI SU' SINH TRUONG CUA VI KHU AN
GAY HU HONG THUC PHAM TRONG MOI TRUGNG NUOI CAY VA TRONG SUA

Vu Thu Trang

Vi¢n Cong ngk sinh v va Cong nghthuc pham, Trrong Pai hoc Bach khoa Ha
1 Dai Co Viét, Ha Noi
Email: trang.vuthu@ hust.edu.vn; thutrangvu1981@yahoo.com
“Nghién @u nay xaadinh khi ning khang vi khén gay nh c6 ngdn goc thyc phim va vi
khuan gay hr hong thec plam nhr (Staphylococcus aureus (S. aureus), Bacillus sabtii.
subtilis), Enterococcus faecalis (E. faecalis), t&ig innocua (L. innocua), Listeria

monocytogenes (L. monocytogenes), Escherichia(Eolicoli), Salmonella Typhimurium (S.
Typhimurium) caia Aminoreductone (AR),as pham hinh thanh trong giatoan dau cia phin
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ttng Maillard. ARtc ché s sinh trong aia vi khiuin thec pham thr nghiém v6i duong kinh
vong tron khang khin tir 17 mm B. subtilig t6i 24,3 mm 8. aureus Nong do wc ché toi thiéu
cia AR giaodong tr 20 - 26 mM. AR th hién kha nang diét khuan v6i 5 trong 7 lai vi khuan
thir nghiém nhr 14 S. aureus, B. subtilis, L. innocua, L. monocytogeare S. Typhimuriumgi
nong do diét khuan nhy hon 10 Bn ndng do e cké thi thiéu. AR thé hién haat tinh khang khén
cao trong 8a (dta tiét tring UHT va &a nguyén Bu). Nghién &u nay ch ra ing AR, hop chit
hinh thanht nhién trong qua trinh étbién thrc phim c6 thé dong vai trd nir 1a mdt hop chit
bao quan thrc pham.

Tur khoa: vi khuin gay lénh qua thre prim, aminoreductone, ph tng Maillard, hat tinh
khang khan.

614



