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Abstract: High rosmarinic acigRA) productivity has been achieved by applying jasmonic
acid and yeast extract elicitors to tire vitro sprout culture ofOrthosiphon aritatus
(IOSC). The hghest RA accumulation from three solvents was detected in I0SC after
treatment withyeast extrac(5 gL). HPLC analysis clearly confirmed a drastic increase in
RA subjected to yeast extract elicitation. Therefore, ye&st extracelicited I0SC was
chosen foralactic acidbacteriaLAB ) fermentation study as a model system. Thlscted
IOSC was subjected to different typef LAB fermentations L{actobacillus plantarum
ATCC 8014 and.actobacillus acidophiluplCFM) for different period of time 24, 48and

72 h. The LAB fermentations consisted of solid state fermentat®®F @nd liquid state
fermentations (SF) in a Digital Control Unit DCU) fermenter system. The aimas to
determine the effect of fermentation t¢ime antioxidant properties of the plant extract.
Results indicated that all typef LAB fermentation decreased the level of RA dathl
phenolics however, a slight increase in total flavonoids and flavonols was observed in SSF
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samples. HPLC resultonfirmel that the longethefermentationthe greatethereduction

in RA content. The highest reduction was obtained in the sample of LSF inoculated with
L. plantarumfor a period of 72 h. The temperature of fermentation°(7was predicted
ascontributng to the declining level in RA content. The loss in RA was concomitant with
a loss of total antioxidant activityl (l-diphenyt2-picrylhydrazyl (DPPH) scavenging
activity, Trolox Equivalent Antioxidant CapacityTEAC), and Superoxide Dismutase
(SOD)-like acivity). These results indicate that RA is the major contributor to the
antioxidant activityof this plant.

Keywords: antioxidant;Orthosiphon aristatusfermentationjn vitro sprout culture

Abbreviations

RA: RosmarinicAcid

IOSC: in vitro SproutCulture of Orthosiphon aristatus
LAB: LacticAcid Bacteria

SSE Solid StateFermentations

LSF: Liquid StateFermentations

LP: Lactobacillus plantarum

LA: Lactobacillus acidophilus

OD: Optical Density

LP-SSE  Solid StateFermentations inoculated wittactobacillus plantarum
LA-SSE <olid StateFermentations inoculated wittactobacillus acidophilus
LP-LSF.  Liquid State Fermentains inoculated with.actobacillus plantarum
LA-LSF. Liquid State Fermeations inoculated withactobacillus acidophilus
DPPH: 1,1-diphenyt2- picrylhydrazyl

TEAC.: Trolox Equivalent Antioxidant Capacity

SOD: SuperoxideDismutase

JA: MS medium withJasmonicAcid
YE: MS medium withY eastEextract
TE: Trolox Equivalent

GAE: Gallic Acid Equivalent

QE: QuercetinEquivalent

DW: Dry Weight

1. Introduction

Rosmarinic acidRA) is an ester of caffeic acid and 3diéhydroxyphenyllacticacid. It is commonly
found in plans from the Lamiaceaefamily, e.g, Orthosiphon aristatusand Coleus blumei This
caffeic acid is one of the moshportant and targeted phenolic compoumd$ormulating functional
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food and supplemestdue to its interesting biological activities, such as antiviral, antibacterial,
antrinflammatory and antioxidait].

RA from medicinal plants such a®rthosiphon atatus that contain naturallyoccurring
antioxidantsis preferablegf2]. Orthosiphon aristatuss a native tropienedicinal plant from Southeast
Asia. It belongs to théamiaceadamily. RA was identifiedasthe most abundant polyphenol (caffeic
acid derivative) irD. aristatusandit was thought to be the main contributor for the therapeutic effects
and antioxidant activity of this plafi]. The escalatingdemand of RAed us toconductthis research
in order to increas¢he production of RA inOrthosiphon aristatusnd to characterize the antioxidant
properties of this plant extraovhich may provide useful information for better formulationtioé
applicationof functional foods.

Indeed, jpant cell cultures that accumulate RAhave been proposed for production of this
phenolic compound2]. Plant tissue cultures using plantlets thetre obtained from direct shoot
organogenesis are generally preferred for mass production of the targeted compibenches more
genetically stablg¢4]. Moreover, as a native troprmedicinal plant, to grovOrthosiphonaristatusin
a subtropic climate areahas beerconsidered to be relatively difficult. Therefori@, vitro sprout
culture oDrthosiphon aristatugl OSC) was usedsthe media for this study.

Other reasongor using IOSC are (1) thisin vitro system may easily control biotic and abiotic
stresses on the cultivar, (2) this system alltivesharvest of this planinderany conditiors regardless
of climate condition and seasons, (3) and also through this system, rapid growth mass production car
be achieved as well abe combimtion with sustainable secondary metabolites producf@B].
Furthermore,His systentanalso be used to facilitatee fermentation study ahf vitro plant culture.

To improvethe productionof secondary metabolites @f vitro plant cultures, several strategies
such as supplementation and elicitation have be&mployed[6], for instance,the use ofyeast
extract[7] andjasmonic acid8]. However, therdhas beemo report ornthe use othese elicitors in
in vitro sprout culture oOrthosiphon aristatuto enhance RA production.

Fermentationas a biotechnological process, is considerssl of the oldest technologjesghich is
simple, natural and valuable. It can maintain and improve the safety, nutritional, sensory alife shelf
properties of many food products including plant food prodi@jtd_actic acid bacteridlAB) are the
main bacteria responsible for the rfantation of plant food productdost plant produa can be
lactic-acid-fermentedyet cucumber, cabbage and olives are the only plant products that are fermented
in large volumes for human consumptiag].

It has been generally known that plants produce secondary metabolites that are of importance in the
healthcare, food, flavor and cosmetics industries. Many biochemical changes occur during fermentation,
leading to alteation inthe composition of plant sendary metabolites which affegiroduct properties
such asantioxidant activity[11]. Phenolis are amonghe secondary metabolitedf many plants that
have been studied including the changes subjecteédetbAB fermentation procedd.1i 15]. However,
mast of the published reports ukaterrestrial plants systeas a media for studying the effectlaiB
fermentationon their antioxidant propertigd6i 22]. We have not yet come across any published
report describing the effect of LAB fermentation antixidant propertiesusing an in vitro plant
system. The advantage wding terrestrial plasin anLAB fermentation study ishatthe plant is ready
to use for fermentatiorConversely the disadvantage of usirggterrestrial plant irthe raw material
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form is that the effect athe available natural microorganisms in the plant is unavoidable. Therefore,
IOSC was established to facilitate this LAB fermentation study.

There are two main objectivésr usinglOSCas a model in this study, name(it) to find the high
RA line of IOSC for LAB fermentation, and (2) to study the effect of LAB fermentation on RA content
and antioxidant properties of selected 1@SThese two objectives result in several target approaches
as follows (a) to select the high RAne and high antioxidant properties of IOSC by elicitatidr);t6
characterize the antioxidant properties of I0SC using three different solvents after elicitation
treatment; €) to characterize the effect of LAB fermentationtbe antioxidant propertiesf selected
IOSGCs; and ¢) to identify the individual phenolic acids of I0S@nd their quantification changing
with elicitation and LAB fermentation.

2. Experimental Section
The flowchart of the current studlyillustrated in Figure 1.

Figure 1. Flowchart ofthe effectof LAB fermentation on antioxidant properties of IOSC
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2.1.Materials
2.1.1. Pant Materials

Orthosiphon aristatuswith article number 600646vas purchased online from Pflanzenversand
HansGinter Ripke (refer to: http://www.pflanzenkindergarten.jleThis was usedo establishthe
in vitro sprout culture.

2.1.2. Culture Media

Agar Cell culture mediaand MS medium(Merck, Darmstadt, Germany), Oxoid Yeast Extract
(Code L21) (Unipath LTD, Hampshire, England), @smonic acid (Product of Israel, Plant cell
culture tested, GH1503) (SigmaAldrich Chemie GmbH, Steinheim, Germany), and other materials
were analytical and plant cell culture tested grades

2.1.3.Chemicals foAnalysis

Gallic acid ABTS (2,2-azincbis (3ethylbenzthiazoling-sulphonic acid))and standards of
phenolic acidsvere obtained from Sigmaldrich Chemie GmbH (Steinheim, Germanguercetin
Dihydrate CisH1007:2H,0 ~99% HPLC)wasfrom Fluka, Biochemika (NeWIm, Germany) All used
chemicals were analytical HPLC grade.

2.2. Methods
2.2.1.Establishment of IOSC

The establishegrocedure of IOSC was based the previous report of Shevchenlet al [5] with
liquid MS mediummaodification as follovs: MS medium(control), MS with jasmonic acid (10&M)
(JA), and MS mediunwith yeast extract (5 gJ (YE).

2.2.2 .Fermentatiorstudy of Selected IOSE
The highest RA content in IOSC samplesschosen and subjected to fermentastudy;,
2.2.3 LAB Fermentation of IOSC

Lactobacillus plantarum ATCC 80X4upplied by the Department of Food Biotechnology and Food
Process Engineering, Institute of Food Technology and Food Chemistry, TU Berlin, Germany) and
LactobacillusacidophilusNCFM, Danisco (a donation from Institute Bfotechnologie, U Berlin)
were used in this LABermentation study of IOSC.

2.2.4.InoculumsPreparation

For preparation of inoculums, cefrom stock cultureveretransferred to 25 insterilede Man,
Rogosa and Sharg®IRS) broth and incubatefibr 24 hat 37°C. The growth density was measured at
a wavelength of 620 nm using a spectrophotometer (PerkinElmer Precisely Lambda 25 UV/VIS
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Spectrometer, PerkinElmer, MA, USAllhe bacteria were kept under stationary conditions until they
reached an absorbancg5.0. One ml of inoculums contained around d6lony forming units (cfu).
Dilutions were made with MRS broth to bring the lactobacillus to an optical density at 620 nm of
0.1 +0.02corresponihg to a cell density of 1010’ cfu/mL.

2.2.5.TheEffect of IOSCExtract onViable Cell LAB StrainsGrowth

The séected HPLC I0SC extract (10 nmgll) (HPLC extraction explained below) with the highest
concentration of RA was furthevaluatedfor its inhibitory effect on the growth of LAB strains.
The metlod of Albertoet al [23] was used with modification as follew15% (0.75 ) of IOSC
extractwas aseptically filteredwith a 0.2 pm sterile syringgVWR International Gmbh, Langenfeld,
Germany) and added to 4.29_nmoculated LAB in MRS broth (O§p 0.1) in tubes and the total
concentration of extraavas 1.5 mghL. The samples tubes were incubatesgdainedabove. The
LAB growth was evaluated by direct measurement o§Q8&very 4 h for a period of 24 domparing
the growth density with those atiied from inoculated LAB controls (QE0.1) without IOSC extract.

2.2.6.Solid StateFermentations (SSF)

This wascarried out using 10 g dhreeweekfreshly harvested I0SC inoculated with 5% (v/w) of
the above culture and aseptically placed in P&hes in a climatic incubator controlled at 37 and
90% relative humidity for 24, 48 and 72 h. After fermentation, the samples were dipped in sterile water
andthenimmersed in liquid nitrogen and freedded. SSF were performed in duplicate.

2.2.7.Total LAB

Viable celk of LAB were quantified at the end éermentation (24, 48 and 72 hsingthe plate
enumeration methof@4]. A total of 1 g of SSF waklendedin9mof Ringer ds sol ut.
Merck, Darmstadt,Germany) and serially dilutefbr plate counting on MRS agar. The viable cell
numbers were determined after 48 h of incubation at@Gidnder anaerobic condition produced by
anaerobic kits (Anaerocﬁ'hA, Merck, Darmstadt, Germany).

2.2.8.Liquid StateFermentations (LSF)

LSF wereperformed under aseptic conditgior 24, 48 and 72 h atemperature of 37Cinal L
DCU systemwith digital measurement and control system fermenter (B. Braun Biotech
International, Melsungen, Germany) by aseptically placing 7.5 g 1I0SC (1.5%ngMRS broth
(500 ni) with adjusted initial Oy of 0.1. Anaerobic fermentation experiments were conducted
without aeration aan agitation speed of 150 rpm. LSFnsales were cleaned with sterieater and
dipped in liquidnitrogen andhenfreezedried

2.2.9.Viable Cells LAB Growth

LSF were started at QR 0.1 and by the end of fermentation the growth of the eelsrecorded
by taking O, measurements against the control without IOSC material. The gdamtiy (ODs2o)
determination was done duplicate.
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2.2.10.SamplePreparation anéxtraction of the I0SC

After two weeksthe IOSC and LAB &rmented samples were harvesigdighed and immersed in
liquid nitrogen to preventolatilization of phenolic compounds and themere freezalried The
lyophilized samples were groundith a flint mill (Retsch GmBH, Haan, Germany) (200 rpm,

2 min) to a fine powder. The dried powder of IOSC was extracted using three different s@l0gnts:
methanaol 80% ethanol and distilled water. The driegowdes of I0OSC samples were weighed
accuratelyat 100 mg. They were treated with 3.rof each solvent then placedan ultrasonic water
bath at 75C (Bandelin Sonorex Digital 10 P, Bandelin electronic GmbH & Co. KG, Berlin, Germany)
for 2 h. The mixturs were centrifuged at X®0 rpm for 5 mirand the supernatants were collecisd
differentsamples The extraction was repeated twice until the final concentratidned©OSC extract
was 10 mgimL. The extract was stored a0 °C until further use. All samples and determinasion
were prepared and measured in triplicate.

2.2.11 AntioxidantProperties of the IOSC

The antioxidant properties consist characterizing theantioxidant activity and components by
rapid reliable spectrophotometric measurement. The characterization of antioxidant aevagty
estimated based on DPPHEAC methodsand SODIike activity followed by measurements tie
antioxidantcomponents: totalhgnolics, flavonoids, flavonols and RA. The DPPHedrradical scavenging
activity of the sample extract was conducted as described by Moétdallyj25]. Thenthe percentage
inhibition activity as relative antioxidant activity was calculated basdteiollowing formula:

DPPH free radical scavenging activity (%) = [(AGS)/AC] x 100

whereAC is the absorbance of the control, and AS is the absorbance of the samples.

Meanwhile, the TEAC assay was perfornisdfollowing standard operation procedures (SOP) of
Re et al. [26]. A Trolox" standard calibration curve of Gfanm versusconcentration of Trolox
in mmolL'* was constructedChe finalresults were expressed m$//g DW Trolox Equivalent TE).
The antioxidant activity ofhe freezedried colorantswas calculated using the following equation:

DEsample = (8082C + (062 (R%= 0.9948)

whereDE sample is the differenda absorbance of the samples through inhibition/detzaltbon ofthe
ABTS® radical scavenging activity and Ctfee concentrationfiM/g-DW-TE).

SODlike activity was measured according to the previously described metHdelmathet al [27].
The percentage of SOlllke antioxidant activity was calculated as follow:

SODlike activity (%)=[1T1 (A test/A control)]x 100

The total phenolic content dhe IOSC extract was determined usitige Folin-Ciocalteu method
described by Mohdalegt al.[25]. Gallic acid was used dlse standard for the calibration curve. Total
phenolic content was expressed as gallic acid equive®hE), calculated by plottingagainstthe
standard calibration curve usitttefollowing linear equation:

A = 0.0009C + 0.0009 (R= 0.9922)
whereA is the absorbance alis the concentration (rMGAE/Q-DW).
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The optal flavonoids contenbf the IOSC extract was determined using methagoi®viously
described by Mohdalyet al [25]. Freshly prepared quercetin was used as standdrd. ptal
flavonoids content was then further expressed as mg quercetin equiv@lEntper gram dry weight
(mg:QE/gDW) and was calculated according to the following linear equation based on the
calibration curve:

A =0.4171C 0.4781(R%= 0.9889)

whereA is the absorbance andi€the concentration (mg QiEDW).

The concentration of total flavonols was measured accotditige method of Mohdalgt al [25].
The total flavonols were calculated based on the regression equation between quercetin standar
and absorbance:

A =0.2511C 0.2112 (R%= 0.9948)

whereA is the absorbance andi€the concentration (MQE/Q-DW).
Quantification ofthe RA content was calculated based on a spectrophotometric method described
by Kionget al [28].

2.2.12. HPLC Phenolic acidsn IOSC Extract

Powdered samples were weigh@d mg accurately and extracted within 15 min using 75Q p
70% methanol (v/v, pH 4.0, phosphoric acid) in an ultrasonic watentitice. The samples were
centrifuged for 5 min at 6,000 rpm. The supernatants were collected and the pelletsextractel
twice with 500 |L 70% methanol. As internal standard 40q@f 1 mM cinnamic acid was added to the
first extraction step (the recovery rate of cinnamic acid was above 90%). The combined supernatants
from each sample were kept in a rotary evaporator (SPLY ISpeed Vac. Concentrator, Thermo
Scientific, USA; CVC 00V, Vacuubrand GmbH, Wertheim, Germany) at’€5under vacuum to
remove the solvent completely. The residues weidisolved in 1 rh MilliQ water (HPLC grade).
The samples were filtered usingd&®2 pm filter (SPINX centrifuge tube filter) and then analyzed
with HPLC.

The separation of phenolic compounds was perforimedHPLC (UltiMate SR3000, Dionex,
Idstein, Germany), equipped with LP$300SD pump, WRS000SL automated sample injector,
AcclaimPA Cl6column (3 Im, 2.1 9 150 mm, Dionex) and DAID00 diode array detector (Dionex)
and software Chromeleon 6.8. The column was operated at a temperaturdCofTB® mobile phase
consisted of 0.1% (v/v) phosphoric acid in water (eluent A) and of @%p acetonitrile (eluent B).
A multistep gradient was used for all separations with an initial injection volume df 4@qia flow
rate of 0.4 rh-min'*. The multistep gradient was used as follovist fnin: 0.5% (v/v) B; 110 min:
0.5140% B; 1012 min: 40% B; 1218 min: 40680% B; 18 20 min: 80% B; 2024 min: 80 99% B;
24i 30 min: 99100% B; 3034 min: 1000.5% B; 3439 min: 0.5% B. Simultaneous monitoring was
performed at 290, 330 and 254 nm. Diode array detection was used for the identificatien of t
compounds. Retention times and UV/visible absorption spectra oé#ks pvere compared with those
of the authentic standards.
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2.3. Statistical Analysis

Experimental resultsn this study are reported as means = standard deviation (®Dfjve
replicates The data were subjected to analysis of variance (ANCAMM&)posthoc Tukey 6s H
Significant Different HSD) tests. Te level of statistical significance was set atapues<0.05 using
SPSS version 16.(BPSS Inc. Chicago, IL, USALorrelation analyses between the parameters were
carriedout si ng t he APr oc Cor r-10) for Windowsdversian 9.8 (SASInatiRute,( 2 0
Cary, NC, USA).

3. Results and Discussion

3.1.Selection oHigh RALine andAntioxidantProperties of IO€s by Elicitation for the LAB
FermentationStudy

The main difference betweem vitro sprout culture andh vitro tissue culture 00. aristatusis the
aggregate state of the nutrient medium. The nutrient medium of the sprout culture, regardless of
nutrient content and sucrose concentration on it, is always liquid. Another difference in sprout culture
is that it is always agitated. Further information atbm vitro sprout culturewas explained by
Sevchenkeet al. [5]. Preliminary research showed ti@thosiphonaristatusin in vitro sprout culture
was capable of developintasterand had higher biomass compared to thatiofvitro tissue culture
which is important in producing tea leaves. Datalwb-weeklOSC behavior subjected to elicitation
aredepicted in Table.1

Table 1. Data oftwo-week IOSC behavior subjected to elicitation

Sample group | IOSC Length | Number of leaves| Number of roots | Fresh weight(FW) (g)
Control 5.02 +0.58 9.40 +2.88 4.40 +1.14 6.29 +1.44
JA 3.88 +0.94 5.80 £1.30 3.80 £2.17 4.23 £0.86
YE 3.10 +0.80 5.20 +1.30 3.60 £1.95 5.40 +1.18

Data reported as average +SD with 5.
Control= MS medium; JA = MS medium wiflasmonic acid; YE = MS medium with yeast extract.

3.1.1. AntoxidantActivity of IOSC afterElicitation

In response to elicitation treatment, an increasbapercentagef antioxidant activity was nated
for all samples compared to the control (Fig@je Yeast extracelicitation resulted in the highest
percentage of DPPH aeenging activity (32.21 +0.6% for the 70% methanol extract as seen
Figure Za). Similarly, the highest TEAC antioxidant activity was recorfl@dOSC samples induced
with yeast extract elicitor and correspexdo 1.51; 1.99; and 1.68.1M/g TE for the IOSC; WEO,
MEO and EEO respectivelyFigure Zb)). Furthermore, in tersmof SODlike activity attained
(Figure Zc)), elicitation showeda significant increasen the percentge of SODIlike antioxidant
activity. Yeast extracelicited I0OSCwith 70% methanohs solvent hathe highest SOBike activity
among all treatments.
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Figure 2. Antioxidant activity of the I0SC subjected to elicitatiarsing three different
solvents(a) DPPH scavenging activityb) TEAC antioxidant activityand (c) SOD-like
activity.
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3.1.2. AntioxidantComponents of IOSC aftélicitation

In accordance with the ressittif antioxidant activity, ie total phenolicsflavonoids, flavonols, and
RA concentrationresponded positie to elicitation with increases content,suggesting that the
elicitors stimulated the synthesis of these secondary metabolites (Figure 3). Among all the samples,
yeast extract IOSC had the highest amount of total phenolic compounds, flayflasmhok, and RA
content for all three tested sohts. The total phenolics from the ethanol extraction of IOSC with yeast
extract used as elicitatiomeretwo fold (324.56 +3.73 mg>AE/g-DW) compared tahe IOSC control
(15122 +2.41 mg GAEg DW) (Figure %a)). A similar pattern was also observed total flavonoids,
flavonols, and RA level from I0SC with yeast extract elicitgtiaich had the highest amount
(Figure 3bid)). The total amount of flavonoids was 2.96; 4.6W 8.95 mgQE/Q-DW and total
flavonols was 2.47; 3.85 and 3.42 r@de/g-DW for WEO, MEO and EEO respectively dlsistratedin
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Figure 3(c,d). These results indicated that the increase in antioxidant activity was in conjunction with
increases in antioxidant components in the elicited samples.

Figure 3. Antioxidant components of the IOSC subjected to elicitation using three different
solvents for extractiofa) total phenolicgPhe); (b) flavonoids ED); (c). flavonols FL);
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Control= MS medium; JA = MS medium with jasmonic acid; YE = MS medium with yeast extract.

Reported values are the means +S.D=(B); Means with the sigrJ showed significant differenceersus
control by ANOVA atp < 0.05. Means denoted by the same letter for each set of data did not significantly
differ atp <0.05 according to Tukey HSD.

3.13. Solvent forExtraction

In response to the different solvents used for extractiO® methanolexhibited thehighest yield
of total phenolics, flavonoids, flavonols and R consequentlyesulted inthe strongest antioxidant
activity. This finding corresponded wifitevious research on plant extraction carried out byetaé[29]
and Sunet al [13], where they investigated the influence of different solvents on extraction. They
found thatthe methanol extract showed the highest yield of phenolic compoandshe strongest
antioxidant activity.A similar result wasalso reported byAzlim Almey et al [30] confirming
methanol as the most efficient solvent for the extraction of phenolic compounds in comparison to
ethanol and water. They further explained that the highest yield of phenotlsritethanol extract
was due tothe ability of methanolto inhibit polyphenol oxidas€PPO) that cause oxidation of
phenolics andessensts evaporation compared to ethanol and water.

3.14. HPLC PhenolicAcids of IOSC afteElicitation

From the HPLC analysis of phenolic acids as showRigure 4a), the elicitation confirmed a
significant increase in RA content compared to the control. The basal level of RA content in the
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control sample was 2.89 +0.86 nggDW (Figure4(b)), meanwhile in IOSC samples elicited with JA

it was 3.75fold higher (0.83 £0.27 mgg:DW). Nevertheless, the highest elicitation effect was seen
in IOSC samples treated wiyleast extractesulting in 4.950ld RA content {4.28 +0.64 mgg-DW)

in comparison to that of the control. These results showed that jasmonic acite gedst extracof

the elicitorswere very effective in inducing the production of RA in I0OSC. These results were
consistent with those previously describlegl Ogataet al [31] who found thatthe addition of
yeast extractand methyjasmonate rapidly enhanced the accumulation of RA in the cutiiire
Lithosermum erythrorhizon

Figure 4. (a) Typical HPLC chromatogram of I0SC extract subjected to elicitation:
1: vanillic acid 2: chlorogenic acid; 3caffeic acid; 4 p-coumaric acid; 5sinapic acid;

6: rosmarinic acid; and:&innamic acid as internal standard (peak identification based on
standard compounds); atin) HPLC-RA quantification of IOSC after elicitation.
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differ atp <0.05 according to Tukey HSD test.

Moreover, Kimet al [32] reported that the stimulation of RA biosynthesisAgastache rugosa
O. Kuntzewas very successfuh response to the addition of yeast extratiich could raise RA
content up to 5-fold compared tdhe non-elicited suspension cells. Previous reports suggested that
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the increase of RA content lyeast extractreatment coincided with the increasephenylalanine
ammonialyase (PAL) activity, indicating the important role of PAL activity in the regulation of RA
biosynthesig7,33]. The increasef the level ofRA can be explainely the facthat IOSG, like other
plants, carry out an elicitanediated dfense response by inducing phenylpropanoid pathway
resuling in produdion of more RA.As a resultyeast extractlicitor was found to be the best strategy
for RA production in comparison to jasmonic acid exually reportedin other studieq7,33].
Therefore, IOSC witlyeast extracelicitor was used to study the effectldfB fermentation in I0OSC

In addition, the responses of other phenolic aar@sprovidedn Table 2 Yeast extracelicitation,
however, caused an increased in vanillic, caffeid andp-coumaric acid by 3.72, 3.46 and 3.50 fold
of the control, respectively. In other plant speci®gllus domesticaell culture, pcoumaric acid and
chlorogenic acid were more responsive to the yeast extract elicitation and enhanced more dyamatical
with 5.1 fold and 2.7 foldbf that ofthe control level[6]. These observations indicated that yeast
extract elicitation also enhanced the production of other phenolic acids and stredgjteendce of
yeast extractOSC forthe LAB fermentationstudy.

Table 2 Individual response of phenolic acids subjected to elicitation

Vanillic acid 2.28 £0.27 2.80 3.72
Chlorogenic acid 0.49 £0.07 1.10 1.90
Caffeic acid 4.62 £0.15 1.30 3.46
p-Coumaric acid 0.27 £0.03 2.40 3.50
Sinapic acid 1.12 £0.04 2.5 1.82

Control= MS medium; JA = MS medium with jasmonic acid; YE = MS medium with yeast extract.
3.2. LABFermentatiorStudy ofSelected I0SC

To the best of our knowledge, this is one of the first studies uswigo plants as a media for LAB
fermentation focusingn rosmarinic acid and related antioxidant properties.

3.21. The Effects of IOSCExtract onViableCell LAB Growth

There areseveral methods to determib&B growth ratesPlate count is by far the most reliable
methodto establish growth curydut it is extremely laborioug\n alternative is the measurement of
optical density(OD). OD measuremenis adequate for modeling theragvth of foodfermenting
organisns, wherethe emphasis igxclusively on conditiomthat allow growth to a higlpopulation
density However, it isnot reliable enough when it is use to assess the growth of food patlaygen
spoilage organism[3435]. Therefore, in this fermentation studetantibacterial effect of selected
extracs on the growth of LAB strains was further evaluated by determining their gommityODg:o.

In generalpased on absorption value increase measured at 620@rddedOSC extract resulted
in insignificant differece (p > 0.05) compared to the growth densitytbé pure culture (Figure).
These results mean that the I0SC extract at the concentratiomghh used had no inhibitory effect
on the growth of LAB strainssed in this present study. The only report foundhenO. aristatus
terrestrial plantshowed thatthe aqueous extract dD. Aristatus demonstratedantibacterial activity



Antioxidants2012, 1 17

against twoserotypes ofStreptococcus mutanwith minimal inhibition concentration(MIC) of

7.8 23.4mg/mL [36] which wasmuch higher thard.5 mgimL. These results were in accordance with
the previous investigationy PuupponefPimié et al [37] who studiedthe antimicrobial effect ofthe
extract of several berries using 70% acetone as solvent on the growth of LAB strains (including
L. plantarunm). They reported thatthe berry extractat low concentration of 1 mglL had no
antimicrobial effect orthe LAB strains usedA similar finding wasrecently regorted by Heet al.[21]
thatthe Codonopsis lanceolataater extract (0.25 giL) provideda good substrate for LAB growth.

Figure 5. Growth density of.actobacillus plantarurATCC 8014 andLactobacillus acidophilus
NCFM withAwithout IOSC extract.
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C-LP =The growth density dfactobacillus plantarunin MRS broth without IOSC extract
C+E-LP =The growth density dfactobacillus plantarunATCC 8014 with IOSC extract;
C-LA =The growth density dfactobacillus acidophiluslCFM without IOSC extract; and
C+E-LA = The growth density dfactobacillus acidophiluBlCFM with IOSC extract

3.22. Viable @&ll Growth of SSF and LSF

The growth of LAB in line withthe production of organic addas well as other possible
antimicrobial substances restricted the growfhaerobic heterotrophic bacteridl]. The growth of
LAB in SSF samples remained unchanf@d24 h samples for bothP andLA inoculated SSF. The
total viable count of inoculated LAB strains @p0.1 was 3.2 x 10° cfufg for L. plantarumand
5.8 x 10° cfu/g for L. acidophilusand after 24 h fermentation for SSF samples, the viableafdlAB
were 3.2 and 8.k 10° cfulg for SSFLA and LP, respectively (Table(®). A one log decrease to
5.2 x 10 cfu/g was observed after SSF treatment with LP for 48 h. A similar trend was observed with
SSF LA48. By the end of fermentation, the total viabédlsremained unchangeat 10° cfu/g for both
SSF samples

Meanwhile, the changing dhe viable cell of LAB strains in LSF after 24, 48 and 72was
evaluated by OBy determination. In general, the addition of sterile IOSC (1.5% g/v) in growth
density of LAB strains I(. plantarumand L. acidophilug in a DCU fermenter resulted iran
insignificant differenceonmparedto thecontrol withouttOSC(Table Ib)).
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Table 3(a). Total LAB of SSF

Strains Time (h) | Total LAB *

L. plantarum | Inoculated Olg,,0.1=3.2x 10° cfu/g
24 8.1x 10° cfulg
48 5.2 x 10* cfulg
72 2.5x 10" cfulg

L. acidophilus| Inoculated Olg,,0.1=5.8x 10° cfu/g
24 3.2x 10° cfulg
48 1.8x 10" cfulg
72 3.0x 10" cfulg

* Values are results of at least two independent experiments

Table 3(b). The growth density O§)oof LSF.

MRS broths Time (h) ODe20
L. plantarum(without IOSC; control) 24 2.221+0.010
48 1.661+ 0.009
72 1.777+0.013
L. plantarumwith IOSC 24 2.225+ 0.021
48 1.664+ 0.011
72 1.871+0.011
L. acidophilug(without IOSC; control) 24 2.151+ 0.008
48 1.558+ 0.015
72 1.831+ 0.007
L. acidophiluswith IOSC 24 2.226+ 0.009
48 1.560+ 0.012
72 1.839+ 0.014

3.23. SolidStateFermentation (SSF) of IOSC

Figure 6(a) illustrates the percentageDPPH scavenging activity of SSBSC (unfermented
(control) and fermented) using three different solveits.is shown, SSF significantly influences the
DPPH radical scavenging activity of IOSC. Unlike most of the latest pelligports on LAB plant
fermentationstudes [16,1i 21] which resultedn an increase imntioxidant activity, SSF with LAB
caused a weakening percentaf®PPH radical scavenging activity of IOSC comparethexcontrol
for all three solversttested. The longer periobr SSF caused more ks inthe DPPH radical
scavenging activity. The percentaige 30 min tested DPPH radical scavenging activity of UF water
extract wa25.98 +0.23%which decreasedonsiderably to the levelof 10.41 £0.21% after 72 BSF
treatmentinoculatedwith LA. A higher decease was observed in SSF witR inoculation and the
remainingpercentage of DPPH radical scavenging activity was only 7.79 £0.23%gaf#eh period of
fermentation.

In comparison tahe DPPH free radical scavenging method, the TEAC antioxidant acthetyod
was also appliedA similar trend was observed (Figur€b®), a significant reductionp(< 0.05) of
TEAC antioxidant activity was noted as a respotseSSF treatment either LP or LA inoculation
(Figure &b)). The rate of TEAC value reduction after 72 h SSF fermentation withisLas follows:
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50.28 +1.56%, 45.59 +2.02% and 43.47 +0.37% for water, 70% methanol and 80% ethanol extract,
respectively.A higher reduction rate othe TEAC value was obtained in SSBr 72 h with LP
inoculation, 59.63 +3.00%54.65 +7.83% and 54.63 +4.08% for water, 70% methanol and 80%
ethanol extract, respectively.

Figure 6. Antioxidant activity of IOSC subjected t&SFusing three different solvent
(a) DPPH scavenging activityb) TEAC antioxidant activityand(c) SOD-like activity.
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WEO: water extract; MEG: 70% methanol extract; and EECB0% ethanol extract;

UF = control (uafermented);LP-24, -48, and-72 = IOSC fermented withactobacillus plantarunfor 24,

48, and 72, respectivelyl A-24-48, and-72 = IOSC fermented withactobacillusacidophilusfor 24, 48,
and 72 h, respectivehReported values are the means * S.D.=(b); Means with the sign*{ showed
significant differenceversuscontrol (unfer.) by ANOVA atp < 0.05. Means denoted by the same letter for
each set of data did not significantly differpat 0.05 according tdukey HSD test.

In terns of the SOD-like activity resuls attained, LAB fermentation caused significant depletion
(p < 0.05) of itsactivity (Figure &c)). Similarly, the diminishing result aintioxidant activity using
SODlike method in Vigna sinensisvar. carilla due to natural fermentatiovas also reported by
Dobladoet al [38] and this decreasing trend of Sdike activity was confirmedvith our result.

The losses of antioxidant activity of LAB fermented SSF can be linked to the sharp dethee
total phenolics and RAuring SSFThe cataarepresented in Figure 7.
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Figure 7. Antioxidantcomponent®f IOSC subjected t8SF using three different solvents
for extraction(a) total phenolicgPhe); (b) flavonoids ED); (c) flavonols EL); (d) RA.
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WEQ: water extract; MEG- 70% methanol extract; and EEC80% ethanol extract;

UF = control (uafermented); LP24,-48, and-72 = IOSC fermented withactobacillus plantarunfor 24,

48, and 72 h, respectively; 24-48, and-72 = IOSC fermented withactobacillus acidophilu$or 24, 48,
and 72 h, respectivehReported values aredhmeans + S.D. (= 5); Means with the sign*{ showed
significant differenceversuscontrol (urfer.) by ANOVA atp < 0.05. Means denoted by the same letter for
each set of data did not significantly differpat 0.05 according to Tukey HSD test.

The knowledge that phenolic degradation is mainly causepolyphenol oxidaseRPO is well
known. This phenomenon clearly indicatdwat the degradation of phenolic compounds occurred
during the SSF process byn enzymatic processvolving PPO. The obtained results were in
agreement witha previous study ori. plantaruminoculation of potherb mustardiassica juncea
Coss.)pickling fermentation byFanget al. [39] that resulted in a decrease antioxidant activity
associated with the reduan of total phenolics during fermentatiddere it wasurther explained that
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the decrease of total phenolics indicateat the phenolics degradation by enzymatic and-emazymatic
processs occurred during fermentatiorA similar declining antioxidant properties tremdas also
reported on the fermentation study of Chetoui olives (black, green and varicolored olive) using
L. plantarumwith spontaneous fermentation by Othnedral. [40]. They reported thahe antioxidant
actvity of Chetoui olives aftel. plantarumand spontaneous fermentatidecreased by $572%.

In our study, thedrastic decrease of antioxidant activity was connected witimportant loss ofotal
phenolicsand rosmarinic acid.

Figure {b) shows the effect of LAB SSF on total flavonoids and flavonols of IO®&.flavonoid
and flavonol content in responselioplantarumSSFshoweda modest decrease after 24enmentation
for all solvens used for extractionA higher rate of depletion inotal flavonoids and flavonols
occurred after 24 bf L. acidophilusSSF. Interestinglypoth LAB SSFgradually increased for longer
fermentation (48 and 72 h)An increase in total flavonoids including flavonols during plant
fermentation has been reported by many researfh@rs7,18,2041i 43]. Choet al. [44] showed that
the increase in flavonols in fermented Soybea®agillus pumilusHY1 was the result afhe esterase
and tannase activities of LAB during fermentatidhis phenomenon indicad a possible conversion
of fermentatiorstimulated metabolite3 hese resultsuggested that sonflavonoids could be degraded
during fermentation ardr may be produakfrom the degradation of phenotompound$45].

In response tthedifferent solvents used for extraction, similardings werein agreement with the
elicitation result treatment. Ressilshowed that 70% methanol, regardless of LAB fermentation,
produ@dthe highest yield of total phenolics, flavonoids, flavonols and RA and consequently exhibited
the strongest antioxidant activity (DPPH, TEAC and SKBB activity). This finding corresponded
with previous plant fermentatiostudes by Leeet al [29] and Sunet al [13] employing different
solvents for extractionsf which the methanol extract showehbe highest yield of phenolic compounds
as well aghestrongest antioxidant activity.

3.24. Liquid StateFermentation (LSF) of IOSC

In contrast tahe SSF method which utilized 5% of LAB startessfurther change in antioxidant
properties of IOSC was observed in LSF predominated by LAB starters in MRS méatiemiataare
shown in Figure 8Many studies have shown that the utilization of LAB in plarhfentatios can
increase antioxidant propertig46,19], however, such an effect was not obsenradthe LAB
fermentationof IOSC as examined in this studijhere was a remarkable decrease in the detectable
antioxidant activity(DPPH, TEAC, and SODIike activity Figure 8(ap,c respectively) during the
LSF process for 24, 48 and 72dgardless of the starter organssemployed for fermentation.

In generalahigher rate of reduction in antioxidant activity was observed in LSF than in SSF and as
observed in SSRhe L. plantarum fermentation caused greater des of antioxidant activity in
comparison td.. acidophilus This lessening antioxidant activity of ptagxtracs by fermentatiorhas
been reported by several investigafd&i 49]. Natural fermentation caused a reduction of TEAC value
of 23% inLupinus albussar. multolupa[47], 4% inCajanus cajar{48], and 929% in soybeaf49],
while that withA. oryzaeor L. plantarumin Lupinus angustifolius cv. Zapatoesulted in a decreasé
18% and 24% othe TEAC values, respectivel)(f46]. Inoculated fermentation with. oryzaeR. oryzae
or L. plantarumin soybean caused a decrease of TEACA0y 26, and B13%, respectivel\49].
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Similarly, Changet al.[50] reported thattte loss in the antioxidant activity was caused by the microbial
activity during fermentatiowhich was confirmedy our result.

In terms of decreasing SOlllke activity obtained due to LSF in Figurgc® the result was
inconsistent with the report biyernandezOrozcoet al. [46] on Lupinus angustifoliuxv. Zapaton
fermented by usind\. oryzae R. oryzae or B. subtiliswherethe fermentation process resulted in a
drastic decrease (BB00%) of SODBlike activity. A large reduction in SOlke activitywas also
observed in fermented soybept®]. Additionally, using a different antioxidant activity method of
PeroxylRadicalTrapping Gpacity (PRTC), Dobladet al [38] reported that the application of liquid
fermentation orVigna sinensisar. carilla caused the reduction of PRTC antioxidant activity.

Figure 8. Antioxidant activity of IOSC subjected t&.SF using three differensolvents
(a) DPPH scavenging activityb) TEAC antioxidant activityand(c) SOD-like activity.

WEO: water extract; MEG: 70% methanol extract; and EECB0% ethanol extract;

UF = control (uafermented); LP24, -48, and-72 = IOSC fermented withactobacillus plantarunfor 24,

48, and 72 h, respectively; -24-48, and-72 = IOSC fermented withactobacillus acidophilu$or 24, 48,

and 72 h, respectiveh\Reported values are the means * S.D.=(b); Means with the sign*{ showed
significant differenceversuscontrol by ANOVA atp < 0.05. Means denoted by the same letter for each set of
data did not significantly differ gt < 0.05 according to Tukey HSD test.



