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INTRODUCTION

Vanillin chemically known as 4-hydroxy 3-hydroxybenzal-
dehyde is a white crystalline phenolic aldehyde and it is a 
commonest flavouring and perfuming agent. It is naturally 
extracted from Vanilla planifolia which is an orchid, also 
known as a vanilla bean.1 Its fragrance and taste are from its 
fruit, vanilla pod, by an enzymatic process called curing post-
harvest. After the curing process, only 2% of the vanillin is 
extracted. It is also a labour-intensive process leading to its 
high cost.2 Due to the shortage and high cost, synthetic vanil-
lin production was researched and adopted. The methods of 
commercial production of vanillin were first started by using 
natural and readily available, eugenol also known as clove 
oil (4-allyl-2-methoxyphenyl).3 Later other methods of the 
artificial production of vanillin were followed using lignin 
or guaiacol. 85-90% of the production depends on guaiacol, 

which is a phenolic ether also known as 1-Hydroxy-2-meth-
oxybenzene and only 10-15% is from lignin. These synthetic 
methods produce “naturally similar” vanillin but not natural 
vanillin. Lignin is the second most abundant natural poly-
mer with cellulose being number one, making up to 10–25% 
of lignocellulosic biomass.4,5 

The natural vanillin extract meets the global vanillin de-
mand by around only 1%.1 It is used as a flavouring agent 
mainly in ice creams and chocolate manufacturing (ac-
counting for 75%), followed by the pharmaceutical industry 
to mask the undesirable flavour, and food and beverages.6 

Vanillin is also useful for visualization of alcohols, ketones 
and aldehydes separated using thin layer chromatography.7 

Vanillin-HCl staining is used for tannins histochemical 
testing.8 Vanillin is also used as a food preservative as it 
contains anti-bacterial and anti-oxidant activities.9 Due to 
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ABSTRACT
Introduction: Vanillin, chemically known as 4-hydroxy 3-hydroxybenzaldehyde is a white crystalline phenolic aldehyde and it is 
a commonly used flavouring agent. Vanillin is used as a flavouring agent in food and beverages as it contains an aromatic fla-
vour. It also has applications in the pharmaceuticals and cosmetic industry. It is the second most expensive compound because 
growing vanilla seed pods is labour-intensive and it is estimated that only 0.2% of the global demand for vanillin is met by natural 
sources and the other relied source is a chemical synthesis that lacks efficacy. Hence an alternative approach is the production 
of vanillin by microbial bioconversion. 
Objective: The present study aims to produce vanillin from lignin extracted from agricultural waste by bio-conversion using 
Bacillus sp. 
Methods: Lignin was extracted by acid/alkali hydrolysis from sugarcane bagasse and coconut husk. It was further quantified 
and confirmed by Fourier-Transform Infrared Spectroscopy analysis. The lignin thus obtained was used to produce vanillin by 
microbial conversion using Bacillus sp. It was quantified and confirmed by FTIR. 
Results: The yield of vanillin obtained was 0.7 mg/ml by spectrophotometric analysis. 
Conclusion: The bioconversion of lignin to vanillin is tremendously advantageous as it is efficient, cost-effective and ecologi-
cally safe.
Key Words: Vanillin, Lignin, Sugarcane bagasse, Coconut husk, Microbial bioconversion
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its high demand, in the recent past researcher are explor-
ing alternative methods for the production of vanillin. To 
meet the expanding demand for vanillin, biotechnological 
approaches such as bioconversion of ferulic acid, isoeuge-
nol, eugenol, lignin with the help of bacteria, fungi and ge-
netically modified microorganisms are being researched to 
explore its full potential.1,10,11 Microbes such as white-rot 
fungi, bacteria such Bacillus sp. are used to degrade the 
complex lignin polymer to vanillin, ferulic acid and vanillic 
acid.12 The present study is aimed to explore the potential 
of Bacillus sp. in the bioconversion of lignin extracted from 
coconut husk and sugarcane bagasse to vanillin.

MATERIALS AND METHODS 

Materials
Vanillin and catechin were procured from Sigma. Mineral 
Salts Medium (MSM) and other culture media ingredients 
were from Hi-Media, Mumbai. All other chemicals used in 
the study were of analytical grade obtained locally.

Growth conditions for Bacillus sp.
The Bacillus sp. procured from ATCC and available for reg-
ular work in the Microbiology laboratory was used in the 
study. It was cultured in Minimal salts medium (MSM) at 
37°C for 24 hours. Stock cultures were maintained at 4°Cfor 
for further use. Gram’s staining was done to confirm its char-
acteristic morphology and endospores.  

Extraction of lignin from sugarcane bagasse 
and coconut husk
Sugarcane bagasse and coconut husk were collected from 
local juice shop and farmland in Vellore respectively. 
(Figure 1-2) Lignin from sugarcane bagasse was extracted 
by acid hydrolysis. It was shredded into smaller pieces, 
mixed with formic acid and acetic acid mixture (70:30) 
and boiled for 2 hours. The residues were filtered, treated 
with peroxyformic/ peroxyacetic acid which was prepared 
using 35% H2O2 and boiled at 80oC for 2 hours. The lignin 
present in the residues was precipitated with distilled wa-
ter.13

Lignin from coconut husk was extracted by alkali hydroly-
sis. Coconut husk was cut into smaller pieces, oven-dried 
and processed with 1M aqueous NaOH solution at 100oC 
for 1 h. It was cooled and then filtered. The filtered residue 
was precipitated with 20% phosphoric acid and kept over-
night.14 The lignin precipitate was separated using filter 
paper. The separated lignin was placed in a Petri plate and 
dried in an oven at 55oC for 48 h till the lignin was dried 
completely.

Characterization of Lignin by Fourier-Transform 
Infrared Spectroscopy analysis
The extracted lignin was structurally characterized using 
Fourier transform infrared spectroscopy (Shimadzu). The 
scan was performed in the range of 500-4000 cm-1.15

Bioconversion of lignin to vanillin
The bioconversion of extracted lignin to vanillin was carried 
out in MSM media supplemented with 0.5% and 1% lignin 
using Bacillus sp. The culture media were prepared, steri-
lised and inoculated with 1% inoculum of Bacillus sp. The 
culture flasks were incubated at 37oC for 48 h under shaking 
condition. After incubation, the culture fluid was centrifuged 
at 8000 rpm for 10 min at 4oC to obtain the supernatant con-
taining vanillin for further analysis.  

Vanillin assay

Thiobarbituric acid assay
Thiobarbituric acid reacts with vanillin to form a yellow 
coloured product with maximum absorbance at 434 nm 
which can be measured using a spectrophotometer. To 1 
ml of the culture supernatant, 5 ml of 24% HCl and 2 ml 
of 2% thiobarbituric acid were added and mixed. The test 
tubes were incubated at 55oC for 10 min in a water bath 
followed by 20 min at room temperature. The absorbance 
was measured at 434 nm and compared with vanillin stand-
ard to determine the concentration of vanillin present in the 
supernatant.1

Catechin assay
Aromatic aldehydes when reacts with meta substituted fla-
vanols gives a red adduct with maximum absorbance at 500 
nm. 8% Hydrochloric acid (HCl) was prepared in methanol. 
0.3% catechin was prepared and stored in a dark bottle at 
4oC. To 1 ml of the culture supernatant, 5ml HCl reagent and 
5 ml catechin were added and incubated at 50oC in the water 
bath for 20 min to form a red coloured adduct. The absorb-
ance was measured at 500 nm and compared with vanillin 
standard to determine the concentration of vanillin present 
in the supernatant.16

Characterization of vanillin by High-Perfor-
mance Liquid Chromatography (HPLC) analysis
The vanillin was analysed using WATERS High-Perfor-
mance Liquid Chromatography. The mobile phase was 
acetonitrile and 0.2% acetic acid in the ratio of 60:40. 20 
microliter of vanillin was injected into the column and the 
flow rate was adjusted 1ml/minute and the graph was ob-
tained at 280nm and compared with vanillin standard.1,16
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RESULTS AND DISCUSSION

Morphology of Bacillus sp.
Bacillus sp. presented with grey-white, round, opaque and 
medium-sized colonies on both nutrient agar and Lignin-
MSM plates (Figure 3-4).  Gram staining revealed the pres-
ence of Gram-positive bacilli, arranged in chains with en-
dospores (Figure 5).

Extraction of lignin from sugarcane bagasse 
and coconut husk
In both acid hydrolysis of sugarcane bagasse and alkali hy-
drolysis of coconut husk, the dark brown semisolid precipi-
tate was obtained on Whatman No.1 filter paper. (Figures 
6-8) This precipitate was dried and used in further study. The 
yield of lignin was 6% from sugarcane bagasse and 7% from 
coconut husk.

Characterization of lignin by FT-IR analysis
The FTIR analysis of the given sample (Figure 9) was car-
ried out and compared with the reference wave numbers of 
lignin reported in the literature.15 It could be observed that 
the wavenumbers fairly agreed with the values reported in 
the literature proving the presence of lignin in the extract 
(Table 1). In FT-IR analysis the stretching patterns indicate 
the presence of compounds like phenols, hydroxides, methyl 
groups, which are present in lignin. The bands in the region 
of 1600 and 1500 cm-1 indicate the presence of aromatic 
compounds such as phenol (Figure 9).

Bioconversion of lignin to vanillin 
After the bioconversion reaction, the light brown supernatant 
obtained (Figure 10) was subjected to vanillin assay. 

Thiobarbituric acid assay
Upon the addition of thiobarbituric acid to the tests and 
standards, the yellow coloured product was observed in the 
test sample. The absorbance was read at 434 nm and re-
corded and a standard graph was plotted. (Figure 13) The 
standard curve was calibrated from 0.2- 1 mg/ml. The regres-
sion equation obtained was y= 0.635x + 0.049. The r2 value 
obtained was 0.9871. From the graph, it could be interpreted 
that the vanillin present in the broth is 0.7 mg/ml. 

Catechin assay
The tests and standards reacted with catechin and resulted 
in the formation of a light red coloured product. The absorb-
ance was recorded at 500nm. The standard curve was cali-
brated from 0.2- 1 mg/mL. The regression equation obtained 
was y= 0.55x + 0.232. The r2 value obtained was 0.93. From 
the graph, it is interpreted that the vanillin present in the sam-
ple is estimated to be 0.65 mg/mL (Figure 14).

Characterization of vanillin by HPLC analysis
The extracted vanillin was analysed using WATERS High-
performance liquid chromatography. As seen in the HPLC 
graph (Figure 11), the retention time of vanillin was 2.361. 
Few other smaller peaks were observed due to the tendency 
of vanillin to rapidly oxidize to vanillic acid and structur-
al similarity between them. The formation of vanillic acid 
hence may have interfered in the specific detection of vanil-
lin by HPLC. The other reason for various peaks might be 
a small number of impurities present in solvent or standard 
vanillin. Observing one of the peak retention time 2.369 of 
the test sample (Figure 12), we could conclude that vanillin 
was present in the sample. Most of the reports on lignocellu-
losic biomass have been on its lignification, structural prop-
erties and degradation.17,18 The setbacks in the commercial 
production of vanillin lies in its chemical reactivity and it 
is rapidly converted to vanillic acid. 19 Current research on 
the elucidation of the biosynthetic pathway of vanillin in mi-
croorganisms opened up new opportunities in the biotechno-
logical production of vanillin.20

CONCLUSION

This study demonstrated the capability of Bacillus sp. to 
adapt in the lignin- MSM media and the bioconversion of 
lignin to more valuable product vanillin. The lignin was 
retrieved by acidic and alkaline methods and H2O2 acceler-
ated the process. Lignocellulosic biomass has been explored 
more on its lignification, structural properties and degrada-
tion. The shortcoming in the biotechnological production of 
vanillin includes its chemical reactivity. Vanillin gets rapidly 
converted to vanillic acid. To make this process industrially 
and economically viable it is important to inhibit the con-
version of vanillin, make it more stable and develop strate-
gies to recover it more efficiently. The increasing knowledge 
regarding enzymes that are involved in pathways for the 
biosynthesis and metabolism, identification and characteri-
zation of the corresponding genes, offers new opportunities 
for metabolic engineering and the construction of genetically 
engineered production strains to advance the production.
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Table 1: General characteristics of lignin 
S. No. Functional group General range of wave 

number from litera-
ture (cm-1)

1. OH and NH stretching 3230-3460

2. CH3 2915-2940

3. CH2 2835-2895

4. C=O 1705-1730

5. C=C 1580-1660

6. C=C and C=O (beta ketone) 
stretching

1500-1550

7. C-H deformation vibration 
stretching

1426-1450

8. C-O-C 1210-1250

9. C-O stretching (for second-
ary, tertiary alcohols)

1085-1125

10. C-O stretching (alicyclic 
sec. alcohols)

1030-1080

11. CH3-methyl group 700-900

12. C-C 490-580

Figure 1: Sugarcane bagasse.

Figure 2: Coconut husk.
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Figure 3: Bacillus sp. on nutrient agar.

Figure 4: Bacillus sp. on Lignin-MSM medium.

Figure 5: Gram positive bacilli in chains.

Figure 6: Extraction of lignin by acid and alkali hydrolysis.

Figure 7: Precipitation of Lignin.

Figure 8: Separation of Lignin.

Figure 9: FT-IR spectrum of lignin. 
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Figure 10 : Separated vanillin containing supernatant and pel-
let.

Figure 11: HPLC standard graph for vanillin.

Figure 12: HPLC graph for test.

 

Figure 13: TBA assay.

 

Figure 14: Catechin assay.


