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Abstract. Most of the vanillins used nowadays come from the chemical synthesis of guaicol, which offers
a high price rather than natural vanillin extracted from Vanilla planifolia. The natural vanillin derived from
the plant is very expensive due to the tedious extraction process which takes a few months to produce a high
quality vanillin. However, vanillin derived from biotransformation of lignocellulosic biomass also has a good
potential to be exploited based on the large number of biomass which are under-utilized. In this study, the
ferulic acid was extracted from the paddy straw by alkaline hydrolysis and was further utilized as a substrate
for vanillin synthesis. The biotransformation study was carried out by Aspergillus niger and Phanorochaete
chrysosporium through two steps of bioengineering. The optimum vanillic acid obtained in the first phase of
fermentation was 50% while 12% of vanillin was obtained in the second phase of the fermentation.
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1. Introduction
Paddy straw in Malaysia is abundantly available and is under-utilized. The open burning practice of the
straw has created several problems like the greenhouse effect, air pollution and health problem especially for
asthmatic people. Thus, it is imperative to create a solution protocol on the waste management rather than
burning it. One of the possible solutions is to extract the phenolic compound particularly ferulic acid which
is attached in the plant cell wall through alkaline hydrolysis. The ferulic acid initiates the lignifications in the
plant, increases the extensibility of the plant during the elongation period and protects the plant from diseases.
It links with various carbohydrates like mono and disaccharide [1], polysaccharide [2], lignin [3] and other
insoluble carbohydrate biopolymer of cell wall [4] to create a cross-linking between each other. The crosslinking seems to inspire the extensibility [5], plasticity, accessibility and digestibility of the cell wall [6].
Ferulic acid known as having a strong antioxidant level and has several potential applications, especially for
food, health, cosmetic and pharmaceutical industries. Moreover, ferulic acid also seems to be as a feedstock
for biovanillin production by selected fungus. The vanillin, which has intensely sweet aroma, has gained
high attraction in related industries because of its wide applications in foods, beverages, fragrance
ingredients in perfumes, and also in pharmaceuticals area. Most of the industries are dependent on the
synthetic vanillin from guaicol as the natural vanillin is expensive [7].
The ferulic acid bioconversion to vanillin has been widely investigated from lignocellulosic materials
such as sugar beet pulp, maize bran, wheat bran and a few more. The first biotransformation of sugar beet
pulp to vanillin was discovered in 1999 [8]. They proposed two steps of fermentations, whereby, ferulic acid
extracted from the lignocellulosic material was firstly converted to vanillic acid by Aspergillus niger I-1472
and the vanillic acid produced was then converted to vanillin by Pycnoporus cinnabarinus MUCL 39532.
The vanillin obtained from the study was 357 mg/l corresponding to a molar yield of 50%. Laurence with
other collaborators have investigated the potential of maize bran as a ferulic acid source [9] since ferulic acid
content in maize bran was reported as high as 3.1% [10]. They found that with the addition of cellobiose, it
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could inhibit the formation of methoxyhydroquinone as a by-product during the process, and increase the
vanillin formation to 767 mg /l with a molar yield of 71%.
However, the biotransformation of paddy straw to vanillin is not researched extensively, and the
conducted study has highlighted the probability of paddy straw to be a bio-vanillin source. The obtained
ferulic acid was used as a substrate for biovanillin production by A.niger and P.chrysosporium. The study
might minimize the lignocellulosic waste and the process maybe cheaper and used a readily procedure [9].

2. Materials and methods
2.1 Alkaline treatments
Alkaline treatment was carried out through mixing 1 g of straw with NaOH with solid to liquid ratio of
1:30 (g/ml) by refluxing in bath oil as was suggested [11]. After filtration and acidification to pH 2-3, the
lignin was precipitated while the supernatant obtained was further extracted with ethyl acetate. After
removing of ethyl acetate, the obtained ferulic acid was dissolved in methanol and further analyzed through
RP-HPLC.

2.2 Fungus Strain
The strain of Aspergillus niger ATCC 16404 (Culture Collection Center of Bioprocess Engineering
School, University Malaysia Perlis) and Phanerochaete chrysosporium ATCC 24725 (Culture Collection
Center of Biotechnology Department, International University Islam Malaysia) were used. The strains from a
working cell bank were stored under -80oC in the 50% glycerol to prevent the cells from crystallization.

2.3 Medium and culture conditions for Aspergillus niger and Phanerochaete chrysosporium
The cultures were grown in a basal medium fermentation reported with maltose (20 g/l) as the carbon
source and diammonium tartrate (1.82 g/l) as the nitrogen source. Other nutrients included KH2PO4 (0.2 g/l),
CaCl2 (0.0132 g/l), MgSO4 (0.5 g/l) and 5 g/l yeast extract [12]. The pH of the medium was adjusted to 5.5
before autoclaving. The maltose as a carbon source was sterilized separately and mixed to the culture prior to
inoculate accordingly. The inoculation was carried out with 1 x 106-107 spore/ml of conidiospores in 0.9%
Na2Cl.
The cultivation for the seed culture was carried out in a 250 ml baffled flask with a working volume of
100 ml and was grown for 3 days at 300C. After 3 days, the seed cultures of A.niger and P.chrysosporium
were transferred to a basal medium and incubated at 30oC separately, with an agitation of 150rpm. In the first
part of fermentation, 0.3 g/l of crude ferulic acid obtained from alkaline hydrolysis of paddy straw was added
to the culture as an inducer cum substrate for A.niger to transform it to vanillic acid on the third day. In the
second step of fermentation, 0.3 g/l of crude vanillic acid obtained from the first fermentation part was
introduced to the P.chrysosporium followed with 0.5 g/l sterilized cellobiose to transform it to vanillin on the
third day.

2.4 HPLC analysis of phenolic metabolites.
Three flasks were removed and filtered through 0.45 µm nylon filters (Whatman, UK) on day 3 to day 8
of the fermentation. The filtrate was analyzed by HPLC model (Shimadzu), equipped with a variable
UV/VIS detector. The separation was achieved on a Fisher C18 column (RP-18, 125 X 4 mm) as described
earlier [13]. The column temperature was fixed at 40oC and the detector wavelength was 250 nm. The
chromatograph was connected to the HP Lab Solutions for chromatographic data handling and the
quantification was performed using an external standard. The mobile phase, at a flow rate of 0.90 ml/min,
comprised of an isocratic linear solvent system of methanol: aqueous trifluoroacetic acid (1 mM) in the ratio
of 28: 72 for 30 min. The solvent used were of HPLC grade.

3. Results and Discussion
3.1. Fermentation of ferulate to vanillic acid
The fermentation of ferulic acid obtained after alkaline hydrolysis to vanillic acid was carried out by
A.niger as illustrated in Figure 3.1. An amount of 0.3 g/l of crude ferulic acid after alkaline hydrolysis of
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paddy straw was supplied for three consecutive days started on day 3. The production of vanillic acid starts
to increase on day 4 followed by an optimum production on day 6 to give 0.280 g/l and slowly reduced on
day 7 to day 8 as a result of low concentration of substrate in the culture. Furthermore, the fungus might
metabolized the vanillic acid produced. Total ferulic acid consumed on day 6 was 0.800 g/l which
corresponds to 50% molar yield. The obtained value of vanillic acid was in agreement with a study
conducted before from rice bran oil which recovered 63.5% vanillic acid by A.niger. Experimentation from
sugar beet pulp produced approximately 60.5% of molar yield of vanillic acid [8].

Ferulic acid

Figure 3.1: The formation of vanillic acid by A.niger in the 3 days daily supplemented with 0.3 g/l crude ferulic acid.

3.2. Fermentation of vanillic acid to vanillin
The consumption and the production of vanillic acid and vanillin respectively are presented in Figure 3.2.
It shows that the optimum vanillin which was obtained on day 6 after 3 days consecutively feeding with 0.5
g/l of cellobiose followed by 0.3 g/l of crude vanillic acid 2h later to the culture of P.chrysosporium.
However, the formation of vanillin was slowly reduced as the fermentation proceeds to day 8 to produce
only 0.008 g/l of vanillin. Optimum vanillin production was 0.085 g/l which corresponds to 12% molar yield.
The amount was considered low compared to the vanillin obtained from maize bran (0.767g/l) [9], sugar beet
pulp (0.357 g/l) [8] and rice bran oil (1.09 g/l) [14]. Even though the rice bran oil has recorded to give the
highest concentration of vanillin, however; the rice bran oil itself as a ferulic acid sources was expensive due
to the numerous nutritious compound in it and it also competes with other profitable product based on its
strong antioxidant.
The ferulic acid from paddy straw was offered at low price and optimization of the biotransformation
process might enhanced the production of vanillin. The purification of crude ferulic acid obtained might
improved the vanillin production as it could eliminate the inhibitors like furfural and hydrxymethyl-furfural
(HMF) [15-17] to the biotransformation process. Furthermore, the use of selective absorbent to trap the
vanillin produced might increased the vanillin production.
Vanillic
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Figure 3.2: The formation of vanillin from vanillic acid obtained in the second step of the fermentation

3.3. Characterization of crude vanillin

b

Structure
of vanillin

Figure 3.3 : Comparison of FT-IR spectra between (a) standard vanillin and (b) crude vanillin

The crude vanillin obtained after fermentation was further characterized by FT-IR (Figure 3.3). The
comparison band between crude vanillin and standard vanillin was in the frequency range of 4000cm-1 to
600cm-1. The broad band at 3347.94cm-1 for crude vanillin and band at 3332.86cm-1 for standard vanillin
indicated the characteristic of OH group, whereby, the carbonyl group of vanillin (C = O) was designated at
1647.14cm-1 and at 1692.79cm-1 for standard vanillin and crude vanillin respectively. The methyl group of
the vanillin was presented by the C-H vibration at band 1449cm-1 and 1416cm-1 for standard vanillin and
band at 1421cm-1 and 1421cm-1 for crude vanillin. Strong band at 1017cm-1 and 1026.09cm-1 for standard
vanillin and crude vanillin respectively indicated for C-O stretch in the ester group of vanillin compound
[18]. The crude vanillin obtained in the study has the characteristic which was almost similar to the
commercial vanillin, thus; this proved that vanillin produced by biotransformation of ferulic acid from paddy
straw also could be one of the vanillin sources.
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5. Conclusion
The ferulic acid obtained from alkaline hydrolysis used as a substrate for the biotransformation to
vanillic acid was carried by A.niger. The vanillic acid was detected to be optimum on day 6 to give 0.28g/l
corresponding to 50% molar yield of vanillic acid. In the second phase of fermentation carried by
P.chrysosporium, the optimum of vanillin produced was observed on day 6 which gave 0.085 g/l of vanillin
corresponding to 12% molar yield. The crude ferulic acid used during the first phase of the fermentation may
be one of the factors that contributed to the low production of vanillin. Although, the vanillin obtained in the
study was comparably low with other investigation of the same nature, however; ferulic acid extracted from
paddy straw was a good substrate for biotransformation of vanillin.
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