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ABSTRACT

There is a greater demand for natural additives mwltempared with artificial additives. One of thepiontant
flavouring agents is vanillin, which is expensivadathe demand is high for natural vanillin. Micrabi
bioconversion, a suitable alternative, was exploiedhe present work to produce vanillin from isgenol using
various bacterial strains from aromatic plant rootAmong the eighteen strains, nine isolates shawagimum
tolerance to isoeugenol and vanillin analysed bgimum inhibitory concentration and thin layer chratmgraphy.
The strains Bacillus spp. C1 and Pseudomonas spg.10vere found to produce maximum yield of vanills2g/|
and 2.43g/l respectively, and resulting in molaelgiof 15.2% and 24.3%.Gram negative rod strainCOShowed
capability of producing high amount of vanillin imesence of isoeugenol. The strain OSC1 was gdrand was
able to produce higher amount of vanillin; 2g/l wdnillin was produced when the bacterial strain AS@as
subjected to 10g/l of isoeugenol at 96 hours bycdmeersion. Vanillin formation was analysed by
spectrophotometer and evaluated accurately by pasncatography. On the basis of 16S rRNA sequehessttain
OSC1 was identified as Pseudomonas spp.
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INTRODUCTION

Vanillin is an aromatic aldehydegld;Og and is one of the most widely used flavouring coom in the food
sectors, chemical and pharma companies[1]. Theugtmh of vanillin from the pod o¥anilla planifolia is a
laborious, slow process and is expensive [2]. Titegrative process is chemical synthesis from tigmydrocarbon,
synthetically produced vanillin. However, greateefprence was given for the consumption of natueaiillin
production when compared with synthetic processtdube presence of racemic mixture. The worldwdéenand
of flavours and fragrances was estimated to be LiSHillion in the year 2013 [3]. The worldwide demdaexceeds
15,000 tons of which approximately only 2,000 temet from vanilla beans and rest is produceduinacchemical
process [4].Concurrently, there is an increaseeimahd of natural flavour products for industriestlvy FDA and
European legislation[5-7]. There is need of biotethgical methods for the production of vanillin by
biotransformation process [8,9].

Synthesis of vanillin by microbial conversion ofricaus natural products have been reported in liteea
Isoeugenol, ferulic acid and eugenol show a highedd than other precursors [7]. The prerequisiteselection of
precursor is its economical and eco-friendly natlseeugenol is an ideal precursor as it is envirentally friendly
and its intermediate in the degradation of vaniias already been investigated[10—13]. The enzgncativersion
of isoeugenol to vanillin was also reported by eneylipoxygenase and a crude enzyme from soybeanThg
other alternative method for vanillin productiortlie biotransformation of caffeic acid and veratehlyde. Caffeic
acid is produced from the roots Gapsicum frutescefiss]. In our present study, the bacterial straiapable of
converting isoeugenol to vanillin were charactatiaed optimized.
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EXPERIMENTAL SECTION

Strain I solation and Cultivation

Soil samples were collected from the roots@fimum sanctum, Syzygium aromaticu@innamon basiland
Eucalyptus globulusrom Sirumalai and Kodaikanal, Tamil Nadu. 1grafmeach soil sample was suspended in
100ml of sterile saline water. 25 ml of nutriembith supplemented with 0.1% isoeugenol (Sigma Aldindia)
was inoculated with 5ml of soil suspension & incidohin a shaker at 30°C for 24hours. From this Wwab
transferred to 25ml of fresh media with 0.1% ofeisgenol and incubated at 30°C, 150rpm for 24hourke
process was repeated and 10 pl of the culture Va#esdpon nutrient agar media by spread plate methodividual
colonies were isolated by streak plate method [16].

I dentification of strains capable of high tolerance to isoeugenol and vanillin (MIC)

The Minimum inhibitory concentration (MIC) for isngenol and vanillin of the strain were determineddad on a
microdilution method in 96 multi-well microtiter @tle, using resazurin dye as indicator. Brieflyctbaal strains
were cultured overnight at 30 °C on nutrient bratil adjusted to a final inoculum of 1.5x108 CFU/sbeugenol
and vanillin (Sigma Aldrich, India) were dissolvadN,N-Dimethylformamide (DMF) and then in nutrieltoth.
Serial dilutions were made in a concentration naggrom 50 to 300 mM for isoeugenol and 10 to 209 for
vanillin. 10ul of each 1.5x108 CFU/ml bacterial suspension veated to wells. Finally, 10l of resazurin (0.2%)
solution was added [16].Resazurin is an oxidatexhiction indicator used for the evaluation of migab growth.
It is a blue non-fluorescent dye that becomes pinét fluorescent when reduced to resorufin by oxidoctases
within viable cells. The inoculated plates wereubated at 30 °C after 3 days. All experimentsewa&one in
triplicates.

Bioconversion Using BT Media

The culture was inoculated in the bioconversion imdlucose 5g/l, Yeast Extract 0.5 g/l, (NBP4 2.0 g/,
CaCb.6H,O 0.2 g/l, MgSQ.7H,O 0.5 g/l, FeSQ7H,O 0.025 g/l, KHPQ, 0.3 g/l, Na.HP(O,.12H,0 1.5 g/l) and
kept in shaker and incubated at 150 rpm, 30°C24dours after which 0.02% of isoeugenol was adaedvanillin
yield was calculated by thiobarbituric acid assbsj]

Thin Layer Chromatography

Equal volume of chloroform was added to 500 pliotbnversion bacterial culture (pH adjusted to 3.@with 5N
HCI) and centrifuged at 3000rpm for 1minute to sefthe organic layer (the lower layer). Standamotrols were
vanillin and isoeugenol. TLC was performed on @28 Silica gel GF254 per coated plates using solvent
proportion Hexane: Ethyl acetate (3:4). Platesewasualized with UV and by charring after sprayhneggent the
mixture of 250ml glacial acetic acid, 0.5ml ConeSE)y, and 250l Anisaldehyde[16].

Thiobarbituric assay

Five ml of 24% HCI solution, 2 ml of 1% thiobarhiiwi acid solution and 0.5ml vanillin solution weaelded to
distilled water to make 10 ml in a 10 ml colorimiettube. It was heated in a 55 °C water bath formi@utes and
subsequently stored at room temperature for 20 tesn he absorbance was then determined with & Istalntion
as reference in a SPECORD S10 spectrophotomet@datm[17].

Gas Chromatography

The vanillin was evaluated accurately on a flamezation gas chromatograph (GCFID) GC equipped wiffame

ionization detector (FID),capillary column (30m RRmm x 0.25 um film thickness).The oven was progmaiah

with an initial temperature 60°C/3 minutes, follavby an increase of 20°C for 1minute to a final penature

260°C/10minutes. The injector temperature was beltstant at 250°C and detector 280°C. Helium wgzsl as a
carrier gas [17]. (Asthagiri herbal foundation,e@hai).

DNA I solation

Bacterial culture was grown overnight in LB brothdathen pelleted. It was washed with 1ml TE anenth
resuspended in 100 pl of the same. 50 pl of 10% #Bs added and the solution was incubated foriB80tes at
65°C. The lysed cell was centrifuged and the swgiant was removed. The tubes were placed ingagny block
for 2 to 3 minutes. The pellet was dissolved i®20of TE and shaken with an equal volume of ctiom:
isoamylalcohol: phenol (24:1:25) for 15 minutes.heTaqueous phase was recovered by centrifugatior2(o
minutes and precipitated in ethanol. The DNA wesuspended in 100— 200 ul TE buffer and store@08C [18].

Optimization Process

Bacterial strains were cultured in 125ml Erlenmeffasks containing 25ml of BT medium supplementeithw
isoeugenol concentrations ranging from 1-20g/15(110, 15,20g/l). The basal medium was inoculatét 5% of
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1.5x108 CFU/ml of the bacterial suspensions andiiated aerobically at 30°C on a rotary shaker iatub
(150rpm) for 120 hours. The cells were centrifugéd.4,000rpm for 10 minutes and the supernatastusad for
guantitative determination of the formed vanillmthe reaction mixture and the optical densitieseweeasured by
spectrophotometry at 434 nm (Shimadzu UV -Specttipheter). With thiobarbituric standard graph,ilienwas
plotted and results were analysed [17].

RESULTSAND DISCUSSION

Screening of tolerant strains

Vanillin is a well-known flavouring agent and astlivimost food additives, the demand for the natynatbduced
product is high. The objective of our study wasgdentify microbes that could convert isoeugenolaaillin and to
develop an economically feasible process as amatige to the conversion of ferulic acid to vani19,20]. The
native tolerance of strains to isoeugenol and {ranilas measured by microdilution assay. Nineafihe eighteen
strains tested, which showed maximum tolerance evaortlisted as shown in Table 1. Morphologicatl a
biochemical characterization was performed to ifernthe strains (data not shown) and then were mhiae
follows: Syzygium aromaticumC1, C2, C3, C4scium sanctura OSC1, OSC2Cinnamon basilMOC1, MOC2
and Eucalyptus globulus- E1. From our analysis, two strains C1 and OS@idwed maximum tolerance to
isoeugenol and vanillin. It was found to be 300r{®8.26g/l) and 125mM (19g/l) for isoeugenol and illign
respectively.

Table 1. Screening the bacterial strainsfor the maximum tolerance to isoeugenol and vanillin by Minimum inhibitory concentration

Strains Isoeugenol MIC (mM)  Vanillin MIC (mM
C1 (Bacillus spp.) 300 125
C2 (Bacillus spp.) 150 31.25
C3 (Bacillus spp.) 150 62.5
C4 (Bacillus spp.) 125 31.25
0OSC1 (Pseudomonas spp.) 300 125
OSC2 (Bacillus spp.) 150 62.5
MOC1 (Bacillus spp.) 125 62.5
MOC?2 (Bacillus spp.) 125 62.5
E1 (Bacillus spp.) 125 31.25

Conversion of isoeugenol into vanillin
The nine strains were grown in bioconversion medaupplemented with isoeugenol. The transformediyxts
were extracted with chloroform and vanillin prodantwas seen by TLC as shown in Figurel.

Figure 1.Vanillin production of bacteriaby TLC
| —isoeugenol V-Vanillin, bacterial strains -C1, 323, C4, OSC1, OSC2, MOC1, MOC2 and E1.
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The strains OSC1 and C1 which showed the maximuenaiace to isoeugenol and vanillin were taken tother
studies and the yield was estimated by thiobaiibitacid assay. C1 and OSC1 were found to produoénmuan
yield of vanillin 1.52g/l and 2.43g/l respectiveind resulting in molar yield of 15.2% and 24.3%he7ield that we
obtained was much higher when compared to prewiaeglorted data- 1.15g/l of vanillin from isoeugkatier 96
hours [17] and 0.0003g/I vanillin produced Bgcillus spp. from 0.0128mM eugenol with a molar yield 666
after 48 hours with 0.2% of DMSO [21]. The micrddi@oconversion of isoeugenol has already repoptediously
with Pseudomonas sppandBacillus spp. It was reported that the bioconversion from fierakcid and isoeugenol
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produced 1.04mg/ml and 0.64g/l vanillin respesinf22]. Pseudomonasputitia27 was found to produce 16.1
g/l of vanillin (molar yield 71%) after 24 hours wfcubation in the presence of 10% DMSO [2B]seudomonas

chlororaphisalso has shown the ability to convert isoeugeaolanillin[24]. In accordance to these reportg th
strain we identified by genotypic and phenotypialgsis was also found to Rseudomonaspp.

Confirmation of vanillin production by GC-MS

The extract from the organic fraction of BT cultumedia was analysed by gas chromatography fongB8iC1 as it
had a better vanillin yield. The metabolite rei@mttime of control for vanillin and isoeugenol weidentified as
15.51 and 12.17 minutes. Simultaneously OSC1 stiawvetention peak at 15.7 minutes coinciding wihillin
control (Figure 2).

Figure2. GCMSanalysisof OSC1, Vanillin Standard and | soeugenol Standard
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Peaks for vanillin and isoeugenol were at 15.51 and 12.17. OSC1 showed a retention peak at 15.7 minutes coinciding with vanillin
control

Strain identification

The strain OSC1 was subjected to morphologicaltaochemical studies, it was found to be gram-negatinotile

and non-sporulating. It produced positive restdiscatalase and oxidase test and was tentativamind to be
Pseudomonasspyf data not shown) In order to confirm the phylogtc relationship with the phenotypic and
biochemically identified genuBseudomonagyenomic DNA was isolated and PCR was performed 6&rRNA as
shown in Figure 3. The amplified product (387bp)L6SrRNA sequenced by Scigenome, India was subdniti

the GenBank with the accession numbeKM975355.The BLAST program was performed
(http://www.ncbi.nlm.nih.gov/BLAST) to find the hastogy searches and the partial 16SrRNA showed 99%
identity with Pseudomonaspp. Phylogenetic analysis was carried out usift5M version 6 in order to find out
the evolutionary analyses, as shown in Figure4.
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Figure3. PCR amplified product of 16SrRNA of OSC1 strain

100bp
PCR PCR not
marker urified purified

OS5C1-165rna

Lane 1: 100bp Marker, Lane 2 &3: Amplified purifieeind non-purified products of 16SrRNA of OSC1
strain(Agarose gel 1.5%).

Figured. Phylogenetic tree of partial sequence of 16SrRNA of OSC1 strain
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(BC-Bacterial culture OSC1 16Sr RNA). Phylogengtie using the neighbour-joining method shows OSIEHiIn
(BC.16SrRNA) close t®®seudomonaspp., scale bar measured as 05 along with Gen8egdssion numbers.

Optimization of Vanillin production using OSCL1 strain

Optimization of the process to produce maximumdyiels then carried out. As OSC1 which as idewutifis
Pseudomonaspp. produced higher amount of vanillin it wasduse optimize the process. This was done by
varying the initial concentration of isoeugenol $110,15,20g/l). It was found that 10g/l of isgenol gave the
maximum yield of vanillin — 2.66g/l after 96 hour3he yield of vanillin was comparatively less foe remaining
concentrations.

Reports have shown that the first biotransformatibimsoeugenol to vanillin frorspergillus nigerATCC 9142
had only 10% efficiency [10]. Bacillus fusiformiswas found to yield vanillin concentration of 8lL@fom
50g/lisoeugenol and product inhibition was avoidétth by addition of HD-8 resin [25]. Our study sted that the
strain OSC1 gave a yield of 2.6 g/l after 96 haursaddition of 10g/l of isoeugenol(Figure 5).
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Figure 5. Effect of substrate concentration and conversion time of isoeugenol into vanillin by biotransformation using OSC1 strain
Pseudomonas spp
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CONCLUSION

Vanillin which is used for various foods flavourirgent, also possesses antimicrobial and antiojolaperties.
In our present study, we investigated microbialdmetion of vanillin by using isoeugenol as a preour As a
preliminary step, native tolerance of bacteriahistrto isoeugenol and vanillin was tested. From shreening
process, an isolate OSC1 from soil sampBcithum sanctuin converted isoeugenol to vanillin. From the
biochemical and partial 16SrRNA sequencing, thaistoSC1 was identified &seudomonaspp. When the media
was optimized by the addition of 10g/lisoeugenohasubstrate, 2.6g/l of vanillin was produced i@ fiiesence of
Pseudomonaspp. Therefore, one of the known substitutes aiumal feedstock of vanillin production could be
isoeugenol. Further studies in the production afilin could direct towards higher yield and clogithe gene
response for the vanillin production.
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