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Abstract— The contamination of food with pathogenic microarigms producing biofilm, implies a high cost foe flood
industry and represents a serious risk for the tieaf consumers. The antibacterial activity of argaextracts of Azorella
trifurcata and Mulinum echegarayii was evaluatedaengt 4 Staphylococcus aureus slime-producing stragolated from
bakery foods and against S. aureus ATCC 35556 glnmgucing strain and S. aureus ATCC 25923 nonesfimoducing
strain. The plant extracts showed antibacteriakeetiveness against all the strains of S. aureugedesvith minimum
inhibitory concentration (MIC) between 500 and 8Q0§Yml. M. echegarayii 30:70% AcOEt:HEX showedhhbst activity:
five strains of S. aureus showed MIC of 1@@0ml and S. aureus ATCC 25923 was inhibited at 9lede500ug/ml. The
values of minimum bactericidal concentration (MBGf) the extracts assayed were one or two times highan
corresponding MIC values. This study showed thabets of Azorella trifurcata and Mulinum echegaiiagre promising
for future natural therapy against slime-produciBgaureus. Plant extracts with activity againstngiproducing S. aureus
strains could provide benefits for of food techiggiand public health.
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.  INTRODUCTION

Poor hygiene practices may result in the contantnaif food products with pathogens, which measgr@ous risk for the
health of consumers. The contamination of food rduprocessing, storage and sale causes seriouemlin the food
industry.S. aureuds one of the most commonly identified bacteriattbause food- borne diseases in human (Gutiétrez e
al., 2012) Biofilms are the most common bacteifabktyle in nature. After initial attachment of Iseto a surface, they start
to multiply and secrete a consistent matrix of asatlular polymeric substances in which cells arepped. These biofilms
are a common cause of food contamination with uralde bacteria, and constitute a serious problemany sectors of the
food industry (Brooks and Flint, 2008). Some sisaof S. aureusproduce this biofilm and have the ability to cafmn
surfaces, which serves as a reservoir for the mootis release of the bacteria to food. Also, tieevidence that adhered
bacteria are very difficult to remove because theyextremely resistant to antibiotics and disitafets (Gunduz and Tuncel,
2006).

Natural products derived from medicinal plants haveven to be an abundant source of biologicalljvaccompounds,
many of which have been the basis for the developminew pharmaceutical products. In fact, thdsatp contain active
metabolites with antibacterial principlesMulinum and Azorella belong to the family Apiaceae, which includes sale
species of herbs and some shrubs, traditionallgataimbellifersMulinumis a genus that includes 15-20 species confined to
Argentina, Bolivia and Chile (Constance, 1988)ulinum echegarayiHieron is an Argentinean endemic species known as
“Grass in cushion”. It is a small and compact shwidiely distributed in the Argentina Patagoniarppi and there are no
known references to its use in traditional medidiNartinez, 1999)Azorella trifurcata (Gaertn.) Pers is a native plant
known by the vernacular names “Yareta”. This spe@seused in folk medicine as antitussive and etquant, as well as
antiseptic, antiparasitic, antirheumatic and hypoaémic (Fuentes et al., 2005).

The purpose of this work was to detect slime-prauy&. aureusstrains isolated from food and evaluate their isiitg
againstM. echegarayiandA. trifurcata extracts.

Il MATERIALS AND METHODS
2.1. Microorganisms

A total of 11S. aureusstrains isolated from 41 samples of bakery foods$ leept in the ceparium of the Laboratory of
Microbiology of the National University of San Luigere assayed for the production of slime. Thatibacterial activity
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was tested against a total of 6 strains, 4 of telisee-producing strains (a, b, c, d) all isolatesm bakery foods andS.
aureusATCC 35556 slime-producing strain aBd aureusATCC 25923 non slime-producing straBacterial strains were
maintained on trypticase soy broth (TSB) supplee@mtith 20% glycerol at -80°C until use.

2.2 Slime Production
Slime production was performed by using 2 methods:

2.2.1. Congo Red Agar Methodwas performed according to Freeman et al., (Fraeeetaal., 1989) with the following

modifications: the strains were streaked onto Caregloagar (CRA) plates (0.8g of Congo red and 5Gmiorose in 1 liter of

brain heart infusion agar), incubated for 24 h&C3and subsequently overnight at room temperaRlag¢es were inspected
for the color of the colonies at 24h. For colonssluation, a four-color reference scale was ubktk and almost black
bordeaux for slime-producing strains, and bordemdred for non slime-producing strains.

2.2.2. The spectrophotometric micromethodwas performed according to Pfaller et al., (Pfafleal., 1988) using tissue
culture plates of 96 flat-bottomed wells. Each wedis filled with 0.2ml of 10 CFU/mI of a bacterial suspension in tryptic
soy broth (TSB). After 48h incubation in aerobioais35°C, the contents were aspirated and thesplegee washed twice
with saline phosphate-buffered (pH 7.2). The welise stained with 0.25% safranin for 30seg. Théeplavere read in an
ELISA reader (Benchmark Biorad) at 490nm. Steri&BTwas used as negative control. All the experisamdre repeated at
least twice and the samples were tested in quicatpl the values of optical density (OD) were thgaraged. A three-grade
scale was used to evaluate the strains slime pioglwbility: negative, ODs < 0.500; (+) ODs 0.50840; (++) ODs
>1.500 S. aureuATCC 35556 was used as positive control for slpneduction ands. aureusATCC 25923 was used as
negative control.

2.3. Plant material

Azorella trifurcataandMulinum echegarayiHieron were collected in Malargie, Mendoza, ArgentVVoucher specimens
of both species were identified by Ing Luis Deltyiet al. and lodged in the University of San L{Asgentina) herbarium
(Del Vitto et al., 1997).

2.3.1. Preparation of extracts

A. trifurcata (6.950kg) andM. echegarayii(2.100kg) were processed separately. The aeridb pd the plants were
previously dried at ambient temperature and firgrigund in mill blades, and then macerated with addtone for 48h.
Acetone extract was separated by filtration. Thizcpdure was repeated three times. The combinedctivn liquids were
concentrated under reduced pressure yielding 86g2afg of syrupy material, respectively. The acetemtracts were
dissolved in the same solvent and adsorbed on d08iica gel 60 G. After evaporation of the solv@enchromatography
"flash" column was prepared using n-hexane (HEXelaents and mixtures of ethyl acetate (EtOAc)-Ht®Xincrease
polarity until 100% EtOAc was reached. The progsthe separation was monitored by thin layer ofatography (TLC),
using as mobile phase benzene: dioxane: acetic(AcidH) (120:20:4) and as revealing a mixture @68,: AcOH: H,0O
(4:20:1) or anisaldehyde:,BO,: ethanol: HO (1:20:90:90) followed by heating to 120°C.

2.4. Antibacterial activity
2.4.1. Determination of Minimal Inhibitory Concentration (MIC)

The antibacterial activity was assayiadvitro using microplate method (microwell dilution) acdimg to the CLSI method
(CLSI, 2011) in TSB, pH 7.2 supplemented with 0.01%v) of 2,3,5-triphenyltetrazolium chloride (TTGs visual
indicator of bacterial growth. The inoculum of eattain was prepared from 24h broth culture andsdd{l to concentration
of 10°CFU/ml. Organic extracts were dissolved in dimeshifoxide and tested in a concentration rangingnfi®000 to
100pg/ml. The 96-well plates were prepared by disjmgy into each well 98 of nutrient broth and @ of the inoculum
(final concentration of 0CFU/mI). One hundred microlitre aliquots from therial dilutions of extracts were transferred
into four consecutive wells. The final volume irchavell was 200l. Controls of nutrient broth, strains and extrastye
included. After 24h incubation at 37°C, the MIC wiefined as the lowest concentration of the extim¢he medium in
which there was no visible growth. The experimavese replicated at least twice.
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2.4.2. Determination of Minimal Bactericidal Concetration (MBC)

The extracts that showed inhibitory activity in gheliminary broth assay were submitted to a suboelon the surface of
the trypticase soya agar plates, in order to etalbactericidal effect. The presence or absendeaoferial growth was
determined by visual inspection. MBC was definethaslowest concentration of the extract that sltbne bacterial growth
in the subcultures after 24h of aerobic incuba#ib87°C.

. RESULTS AND DISCUSSION

Of the 11S. aureusstrains studied, 4 were slime positive by bothhods assayed. The slime-production by CRA method is

shown in Fig.1:S. aureusstrains appear as black colonies.

FIGURE 1. CULTURE ON CRA: BLACK COLONIES OF SLIME -PRODUCING S.AUREUS

Also, Table 1. shows the means of the absorbarlcevabtained from slime producii®y aureustrains ands. aureusised

as positive and negative controls by spectrophatidenenicromethod. Three slime producing strains showed values of

optical density ODs 0.500-1.500 (+) and one OD$6Q.(++). S. aureusATCC 35556 showed ODs 0,849 a8daureus

ATCC 25923 ODs 0,303.

TABLE 1

M EANS OF THE ABSORBANCE VALUES OBTAINED BY SPECTROPHOTOMETRIC MICR OMETHOD FROM STRAINS
OF STAPHYLOCOCCUS AUREUS

Staphylococcus aureus | OD (490nm) Scale (Pfaller y
col)

a 0, 818 (+)

b 1,520 (++)

c 1,179 (+)

d 0,868 )

Staphylococcus aureus | 0,849 (+)

ATCC 35556

Staphylococcus aureus | 0,303 O]

ATCC 25923

OD: optical density; a, b, ¢, and d: Staphylococausreus isolate from bakery foods
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The large numbers &. aureumasal carriers, between 30 and 50% of the populatiould become an important source of
food contamination during handling or storage. 8irthis microorganism can develop in a wide pH raage in
environments with high percentage of sodium chedncentration, a range of products may be resglerfer outbreaks
of food poisoning bys. aureugGutiérrez et al., 2012). Moreovéhe attachment of the bacteria to the food prothads to
serious hygienic problem, and economic losses duedd spoilage. In addition, food borne pathogsimsh asS. aureus
biofilm producers are more virulent and resistantaihtibiotics and biocides which leads to a seriasls to public health
(Gunduz and Tuncel, 2006; Raggi, 2013).

In this study, the plants extracts showed antivedteffectiveness against all the strainsSofaureugested. Extract of.
echegarayiil0:90% AcOEt:HEX showed activity against 3 slimeducing S. aureusstrains isolated from food at doses of
4000 pg/ml and one showed MIC 8000 pg/8il.aureusATCC 35556 ands. aureusATCC 25923 were sensitive to this
extract with values of MIC of 2000pg/ml and 400Qpbfespectively. An interesting finding was thae thest effect was
obtained withM. echegarayi30:70% AcOEt:HEX. At this concentration, all slispeoducingS. aureusstrains showed MIC
of 100Qug/ml and S. aureusATCC 25923 was inhibited at doses of p@0nl. A. trifurcata 40:60/50:50% AcOEt:HEX
extract showedess activity againsg. aureusisolated from food (MIC: 80Q@/ml) andS. aureusATCC 35556 was
inhibited at 200Qg/ml. The best activity of this extract was agaimsn slime-producing. aureusATCC 25923 with MIC

of 50Qug/ml. MBC values were one or two times higher than theesponding MIC values (Table 2). Fig.2 shows the
microdilution plate used for broth microdilution thed withMulinum echegarayil0:90 ethyl acetate/n-hexane extract and
A. trifurcata 40:60/50:50% ethyl acetate/n- hexane extract ag8iraureusATCC 35556,S. aureuATCC 25923 and three
(a, b and c) slime-producirf§} aureussolate from food.

TABLE 2
MINIMAL INHIBITORY CONCENTRATION AND MINIMAL BACTERICIDAL CONCENTRATION OF MULINUM
ECHEGARAYII AND AZORELLA TRIFURCATA EXTRACTS.

Ethyl acetate/n-hexane Ethyl acetate/n-hexane
Mulinum echegarayiiextracts Azorella trifurcataextract
MIC/MBC (ug/ml) MIC/MBC (ug/ml)

Staphylococcus aureus 10:90 30:70 40:60/50:50

A 8000/ND 1000/4000 8000/ND

B 4000/8000 1000/4000 8000/ND

C 4000/8000 1000/4000 8000/ND

D 4000/8000 1000/4000 8000/ND
Staphylococcus aureus ~ 2000/4000 1000/4000 2000/8000
ATCC 35556

Staphylococcus aureus ~ 4000/8000 500/2000 500/2000

ATCC 25923

MIC: Minimal Inhibitory Concentration; MBC: Minimal Bactericidal Concentration. ND: not detected at miaum
concentration tested (16000pg/ml).
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FIG.2.MICRODILUTION PLATE USED FOR BROTH MICRODILUTION METHOD WITH  : FILE 1-5MULINUM
ECHEGARAYII 10:90ETHYL ACETATE /N-HEXANE EXTRACT ; FILE 6-10A. TRIFURCATA 40:60/50:50%ETHYL
ACETATE /N- HEXANE EXTRACT ; BACTERIAL STRAINS : 1 AND 6: S.AUREUS ATCC 35556;2 AND 7: S.AUREUS

ATCC 25923, 3AND 8: S.AUREUS A, 4 AND 9: S.AUREUS B, 5 AND 10: S.AUREUS C; FILE 11-12: A BROTH
CONTROLS; C- E: CONTROLS OF STRAINS AND G-H EXTRACT CONTROLS ; DILUTIONS OF THE EXTRACTS
(uG/ML): FILES A AND B: 4000,C AND D: 2000,E AND F 1000,G AND H: 500.

To our knowledge, there are few reports availabléhe literature on activity of organic extractshdf echegarayiiandA.
trifurcata against pathogenic bacteria tested in this st@&htofres et al., 2013). Snowden et al. (Snowdeal.e2014),
evaluated the antimicrobial activity of severaldotal extracts of other plants agaiSstaureus Some of these extracts,
which includeSalvia Eucalyptus Coleus ArctostaphylosCoptis Turnera AnemopsisAllium, andLarrea, showed higher
activity than that found in our study (MIC < 200y)ymand Berberis Baptisia and Glycyrrhiza extracts showed MIC >
1000p/ml. Other extracts tested by Snowden eteeweffective.

The ethanol extract dRhus javanicavas assayed against methicillin-resist8ntaureugMRSA), inhibiting the growth of
this bacterium at concentrations ranging from a®®.2mg/ml. This extract also inhibited biofilmrfoation by MRSA.
Yong-Ouk You et al. found iR. javanicastrong presence of phenolics, moderate presengigasides, and weak presence
of flavonoids, steroids (terpenoids), and organdidss suggesting that phenolics may have been megge for the
antibacterial activity observed in our study (Yo@gk You et al., 2013).

Andreana et al. (Andreana et al.,, 2010) evaluakedirt vitro effect of branch methanol and aqueous extractsvef f
Juniperusspecies on the growth, adherence and biofilm ftionaof S. aureus All the extracts affected the biofilm
development depending on the biofilm-forming streépacity and as in our study, inhibited bactegialwth of all assayed
strains. Also, the phytochemical screening of tkteaets revealed the presence of polyphenols, cansdignans, steroids,
alkaloids and terpenes. These authors suggestlthhese compounds, alone or in combination, cbeldesponsible for the
antimicrobial properties observed.

Some authors have demonstrated fRabdomyrtus tomentosethanol extract possesses strong activity agdiegiim-
forming staphylococci isolated from acne lesionghwWIIC values of 32-128ug/ml, somewhat lower thhose found in our
study (Saising et al., 2011).

Bioactive metabolites, such as triterpenoids andrpenoids with azorellane and mulinane skeletans been obtained
from Andean species of the genus tested in thidysfzorella and Mulinum (Borquez et al., 2014). Diterpenoids and
terpenoids are a large family of natural productbildting a wide range of interesting biologicaltigities such as
antibacterial (Areche et al., 2010), antiviral (Abet al., 1996), trypanosomicidal, trichomonacidakoplasmocidal (Loyola
et al., 2001), antitubercular (Molina-Salinas et 2010), among others.
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Kuzma et al. (Kuzman et al., 2007) demonstratetidbavatives of terpenes such as salvipisone ptedea very interesting
activity on staphylococcal biofilm cells viabilityncluded this compound in the list of potentiatidmofilm agents, better
than most of known antibiotics.

Chiaramelo et al. (Chiaramello et al., 2007) dertrated the presence of diterpenoid acids in badintpdpecies used in this
study Wacher et al. reported that diterpenoid acids tedldrom Azorella compacshowed inhibitory activity against
methicillin-resistanS. aureusaand methicillin-susceptibl8. aureugWachter et al., 1999).

Therefore, the anti-staphylococcal activityAftrifurcataandM. echegarayiiorganic extracts observed in this study could
be partly or completely attributed to the preseat¢hese active compounds. Previous research omtide of action of
terpenes has shown that these compounds have Imdéfular targets, rather than one specific sitaction (Sikkema et
al., 1995). As reported by several authors, themaatf these compounds causes destruction of eelintegrity, inhibit
respiratory activity, and causes a dissipatiorhefgroton motive force (Sikkema et al., 1994)

V. CONCLUSION

Natural products derived from medicinal plants havaven to be an abundant source of biologicaltiwvaaccompounds, many
of which have been the basis for the developmentwaf chemicals for pharmaceuticals.

S. aureugontinues to be a public health problem becausks afplication in food-borne diseases in humarg discovery of
plant extracts with antibacterial activity agaisbime-producingS. aureusould contribute to reduce public health hazarus a
also to inhibit the colonization and persistencénhas bacterium in the food environment.

Further studies will be carried out to charactethm active components M. echegarayiiandA. trifurcata extracts effective
againstS. aureusiofilm producers.
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