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Abstract 
 
Vanilla (4-Hydroxy-3-methoxybenzaldehyde), an aromatic flavour 
compound, is one of the most commonly used food flavouring agents 
and is extracted from pods of Vanilla planifolia. It holds tremendous 
industrial applications in food, pharmaceuticals, beverages, perfumes 
and as nutraceuticals (1). Vanillin extracted from natural sources 
represents less than 1% of annual market demand and has a market 
price 300 times higher than synthetic vanillin (2, 3). Moreover, the 
industrial demand for natural vanillin exceeds the amount vanillin 
extracted from plants. This has led to the investigation of alternative 
routes for the production of this flavour such as the biotechnological 
production from microorganisms.  
The aim of the present study was the production of vanillin from 
microorganisms using bioconversion process. Bacillus subtilis (MTCC 
1427), was used to transform various substrates such as eugenol, 
isoeugenol and ferulic acid in vanillin. Further, detection and 
quantification of Vanillin was carried out using HPLC. B. subtilis did 
not show any growth in the culture medium with eugenol as a 
substrate. Higher vanillin production was obtained in the culture media 
containing ferulic acid as substrate in comparison to isoeugenol. The 
findings form the basis for microbial production of vanillin.  
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1. Introduction 
Vanillin (4-Hydroxy-3-methoxybenzaldehyde) is one of the most popular aromatic 
compounds all over the world. It is the characteristic aroma component of the natural 
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vanilla flavour that is obtained from pods of Vanilla planifolia (4). It has a broad range 
of industrial application with major use as flavour in foods, confectionery, and 
beverages and is present in a variety of products such as ice creams, chocolates, 
cookies and cakes. It is also widely used as a fragrance ingredient in perfumes and 
cosmetics and as an intermediate in agrochemicals and pharmaceuticals. Other reports 
also suggest its use as a nutraceutical due to its reported antimicrobial & antioxidant 
properties (5).  

The demand for vanillin worldwide is in excess of 15000 tons, out of which 
approximately only 2000 tons is produced from vanilla beans. The rest of the demand 
is met by synthetic vanillin, chemically produced from guaiacol and lignin (6). The 
low supply of natural vanillin is also due to its high costs of production at 1000-3000 
USD/kg in comparison to 11 USD/kg of chemically synthesized vanillin (7). However 
there is a greater preference for consumption of natural vanillin as compared to its 
synthetic counterpart probably due to the presence of racemic mixture in synthetic 
production. The high demand for natural flavour has induced the need for production 
of natural vanillin via alternative sources. Vanillin produced from alternate sources, 
under the prerequisite conditions can be classified as natural flavour if produced from a 
natural raw material (8). To be economically feasible, a readily available precursor 
with ability to readily convert into vanillin has to be used. One possible route is the 
microbial transformation of natural precursors to synthesize vanillin. Among the 
various precursors reported in literature, eugenol, ferulic acid and isoeugenol have 
shown promise due to higher yields than other precursors (4). The current study 
describes the process of microbial transformation of ferulic acid, eugenol and 
isoeugenol by Bacillus subtilis (MTCC 1427). 

 
 

2. Materials and Methods 
2.1 Chemicals 
Eugenol, Ferulic Acid and Vanillin were purchased from HiMedia Laboratories, India. 
Isoeugenol and 2- Thiobarbutric acid (TBA) were obtained from Sigma Aldrich, USA. 
HPLC grade Acetonitrile, Acetic Acid and Methanol were procured from Qualigens, 
India. 
 
2.2 Microrganism Strain 
Bacillus subtilis (MTCC 1427) was obtained from Institute of Microbial Technology 
(IMTECH), Chandigarh.  
 
2.3 Media  
Standard minimal media as reported by Narbad et al. was used for the transformation 
studies (9). Three different types of minimal medias were prepared by the addition of 
Eugenol, Ferulic Acid & Isoeugenol respectively at concentration of 1% each, as the 
sole carbon sources. Solid media for plating was prepared by addition of 2% agar to 
the minimal media. 
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2.4 Transformation Studies 
Bacillus subtilis was streaked on three different minimal media Plates containing 
Eugenol, Ferulic Acid & Isoeugenol respectively and were incubated at 37 ℃ for 4 
days.  

5 mL liquid media was prepared which contained the 3 different carbon sources 
and was inoculated with Bacillus subtilis colonies picked from minimal media plates. 
The cultures were grown at room temperature (Around 37 ℃) with a speed of 150 rpm 
in an orbital shaker. 

 
2.5 HPLC Analysis 
Reversed Phase C18 Column (Waters) was used for HPLC analysis. Acetonitrile & 
Acetic Acid (0.2%) at a concentration of 60:40 were used as the mobile phase at a flow 
rate of 1.0 ml/min. A reference standard graph of vanillin was prepared at a detector 
wavelength of 280 nm by injecting 20 µl of vanillin samples dissolved in methanol at 
the concentration range of 0.2 mg/ml to 1mg/ml.  

For the analysis of vanillin in liquid cultures, 500 µl of the liquid broth was 
centrifuged at 10000 rpm for 10 minutes. The supernatant was subsequently 
lyophilized and further dissolved in 500 µl methanol and filter sterilized by a 0.2 
micron filter before injecting into the HPLC system for analysis. 

 
2.5 Spectrophotometric Analysis 
Spectrophotometric analysis of vanillin was carried out as described earlier by He et al. 
& Asenograph et al (10, 11). 10 ml standard vanillin solution was prepared by adding 5 
ml of 24% HCl, 2 ml of 1% thiobarbituric acid and 0.5 mL vanillin solution in distilled 
water. The solution was then heated at 55 °C in a water bath for 10 mins and stored at 
room temperature for 20 min. The absorbance of unknown vanillin and the standard 
solution was recorded at 434 nm using a Shimadzu UV-Vis spectrophotometer. The 
amount of vanillin in the liquid broth was calculated from the standard graph obtained. 

 
 

3. Results and Discussion 
3.1 Growth on Agar Plate 
Agar Plates containing ferulic acid & isoeugenol showed growth of Bacillus subtilis 
within 24 hours. The growth on isoeugenol plate was slow which is most likely due to 
the time required by the bacteria to acclimatize to oil based carbon source. Thus, 
Bacillus subtilis was easily able to use ferulic acid and isoeugenol as carbon sources 
and transform them for its own growth. However no growth was seen on the plate 
containing eugenol as the carbon source even after 96 hours. This shows that the 
antimicrobial property of eugenol prevented the growth of Bacillus subtilis and that 
eugenol at a concentration of 1% is not a suitable substrate for transformation to 
vanillin by the microbe.  
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3.2 HPLC analysis of liquid broth  
Vanillin showed a retention time of around 2.76 minutes as seen in the standard graph 
(Fig.1) 
 

 
Figure 1: HPLC standard graph of vanillin; A – 1.0mg/ml  

 B- 0.8mg/ml, C- 0.6mg/l D- 0.4 mg/ml, E- 0.2mg/ml. 
 

Analysis of liquid broth showed high absorbance at the retention time of 2.76 min 
for cultures grown in both ferulic acid & isoeugenol. However merged peaks were 
seen around the retention time probably due to the structural homologues of vanillin 
and/or its oxidized form vanillic acid. This is due to the tendency of vanillin to rapidly 
oxidize to vanillic acid. The formation of vanillic acid hence may have interfered in the 
specific detection of vanillin by HPLC. This can also be the case with isoeugenol 
where shifted peak was observed. Nevertheless, the presence of peak at similar 
retention time as of vanillin might be present in our liquid broth and needs further 
screening for specific determination of vanillin (Fig 2).  

 

 
Figure 2: HPLC Analysis of both the liquid broths A – Ferulic Acid,  

B- Isoeugenol, C – Vanillin 1.0mg/ml. 
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The confirmation of presence of vanillin was thus further done by 
Spectrophotometric analysis using thiobarbituric acid. The absorbance and area under 
the curve was 2 times more in ferulic acid group as compared to isoeugenol group. 

 
3.3 Spectrophotometric analysis 
Thiobarbituric acid reacts with standard vanillin solutions to form a yellow colored 
solution. Light yellow colored solutions were observed in the culture media samples 
thereby confirming the presence of vanillin.  

The Spectrophotometric absorbances of standard vanillin solutions were 
determined over a calibration range of 0.1-1.0 mg/ml (Fig. 3).  

 
 

 
 

Figure 3: Standard Curve of Standard Vanillin Solutions (0.1 -1 mg/ml). 
 

A linear regression Eq. (1) was acquired, with a correlation coefficient of 0.993.  
 

  (1) 
 
The concentration of vanillin in the culture media was calculated using Eq. (1).  
In the presence of ferulic acid, B. subtilis produced 1.04 mg/ml vanillin whereas 

0.64 mg/ml vanillin was obtained from the culture media containing isoeugenol.  
 
 

4. Conclusion 
This study demonstrates Bacillus subtilis as a potential microorganism, capable of 
transforming natural precursors to vanillin. Vanillin has been reported to be an 
intermediate of the degradation pathways of these substrates which forms the basis of 
the transformation studies (12). However B. subtilis was not able to transform eugenol 
into vanillin, possibly due to the antimicrobial property of eugenol, which might have 
hindered the growth of the microorganism. B. subtilis was able to grow only on 
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isoeugenol & ferulic acid based media and was able to transform both substrates into 
vanillin. HPLC analysis was able to detect the presence of vanillin but its validation 
was hindered due to the possible interference by formation of its oxidized form, 
vanillic acid. Due to the structural similarity between the two, vanillic acid may have 
similar retention time as vanillin, thereby leading to merging of peaks of the both 
forms. Presence of vanillin was further validated by Spectrophotometric analysis using 
thiobarbituric acid. Vanillin a phenylpropene reacts with TBA to give its characteristic 
yellow color and absorbance maxima at 434 nm. The amount of vanillin was 
calculated and higher concentration was obtained in ferulic acid based culture media 
on comparison with isoeugenol based culture media under similar conditions. The 
possibility of vanillic acid limiting the yield of vanillin cannot be ignored and can be 
further researched upon in order to improve yield of vaniilin formed via microbial 
transformation. 
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