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Abstract: Isolation of ferulic acid from maize straw was carried out using Pseudomonas fragi MTCC
10212 by the action of ferulic acid esterase. Ferulic acid was detected as the important phenolic acid from the
medium. The compound was identified and quantified by high performance thin layer chromatography. Ferulic
acid was detected for a period of 10 days. Maximum quantity of the acid was quantified on 7 day of incubation
and the quantity declined on further incubation. Concentration of carbohydrates from the destarched straw
was also determined and was compared with that of original straw. Approximately 260 mg of ferulic acid was
obtained per Kg of maize straw on 7 day of incubation. Pseudomonas fragi was solely responsible for the
extraction of ferulic acid from maize straw which is an essential phytochemical with antioxidant and antimicrobial
properties. It can be easily bioconverted into vanillic acid, salicyclic acid, vanillin, etc. which are useful raw
materials in Pharmaceutical, food and flavouring industries.
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Introduction
Ferulic acid (FA) chemically known as 4-hy-

droxy-3-methoxycinnamic acid is a ubiquitous
phenolic compound in plant tissues. It is the most
abundant hydroxycinnamic acid widely found in
vegetables, fruits and some beverages such as
coffee and beer 4. Though the compound has been
reported to posses many physiological functions
such as antimicrobial, anti-inflammatory, anti-
thrombosis anti-cancer activities, etc 12, recently
this phenolic acid has gained attention for its po-
tential role as an adjuvant therapy for several free
radical-induced diseases. FA was proposed as a
novel antioxidant compound with a strong
cytoprotective activity due to both the ability to
scavenge free radicals and activate cell stress
response 14. FA plays an essential role in provid-

ing the rigidity to the cell wall and formation of
other important organic compounds like coniferyl
alcohol, vanillin, sinapic, diferulic acid and
curcumin 12. Ferulic acid, being highly abundant,
may be functional as a precursor in the manufac-
turing of vanillin, a synthetic flavoring agent of-
ten used in place of natural vanilla extract 11. Sev-
eral in vivo and in vitro studies have been con-
ducted in humans, animals and cell culture 1,9,13,15

to establish the function of FA.
In plants, FA is relatively abundant in cell walls.

The compound is usually concentrated in the bran
of grains, peel of fruits, and roots and peel of veg-
etables. It is one of the metabolites of lignin bio-
synthesis and is found both in free and conjugated
form in plants 21. These are found covalently
linked to polysaccharides by ester bonds and to
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components of lignin by ester or ether bonds. FA
represents up to 1.5 % dry weight of cell wall
materials in the members of Poaceae family. The
lignin component of this lignocellulosic biomass
acts as the polyphenolic macromolecule from
which the phenolic acid such as ferulic acid can
be isolated 3. Ferulic acid esterase (FAEs EC
3.1.1.73) being a subclass of the carboxylic acid
esterases plays a central role in degradation of
intricate structure of the plant cell wall by cleav-
age of ester bonds between hydroxycinnamic
acids esterfied to arabinoxylans (AXs) and cer-
tain pectins present in plant cell walls 19. Various
studies were conducted regarding the action of
FAE by using different microorganisms for pro-
duction of ferulic acid 2,6,10,22. Varieties of crop
residues those are rich in lignocellulosic biomass
could act as a renewable resource for the extrac-
tion of FA. The production of bioenergy and
chemicals from agricultural waste and agro-in-
dustrial residues may somewhat change the con-
cept more towards the production of biofuel and
chemical rather than food use 20. Maize straw is
one such crop residue that can be used as an al-
ternate source of phenolic acids as these are
abundantly found in nature and are very effective
7. In this paper, we have focused at the produc-
tion ferulic acid from maize straw by the action
of Pseudomonas fragi MTCC 10212. The pro-
cess optimization for the maximum product re-
covery has also been studied.

Materials and methods
Microorganism and cultural condition

Pseudomonas fragi MTCC 10212 was ob-
tained from the Microbial Type Culture Collec-
tion and Gene Bank (MTCC), Institute of Micro-
bial Technology, Chandigarh. The microorganism
was maintained on the nutrient agar medium. The
cultures were incubated at 30°C for 7 day for
next subculture.

Crop residues (Maize straw)
Maize straw samples were obtained from com-

mon maize (Zea mays) cultivars grown in farm of
Orissa University of Agriculture and Technology,
Bhubaneswar, India. The maize straw in form of
long dried leaves left in the field after harvesting

was used as the samples for this study. Samples
were stored at -4°C for pretreatment process.

Pretreatment of samples
The maize straws obtained from field were cut

manually into small pieces of 1 cm length and were
grinded into powder having mesh size 0.211 mm.
Before using as substrates, maize straw was
destarched by following the modified method of
Johnson et al. 8. The straw powder was treated
with 0.50 % (w/v) potassium acetate at 80°C for
45 min and was then washed several times with
tap water. Then straw was recovered by filtra-
tion and was soaked into filter paper and dried
overnight inside the hot air oven. The dried pre-
treated maize powder was autoclaved for 20 min
at 121°C to inactivate any endogenous enzymes
and proteinaceous inhibitors and stored at -20°C.
Estimation of total sugar release

Total sugar was estimated by phenol sulphuric
acid method 5 using glucose as standard. 1.0 ml
of filtered solution of destarched and non-
destarched maize straw was taken in test tubes.
To this solution 1.0 ml phenol solution was added
and mixed well. Then 5.0 ml of conc. H2SO4 was
added to the mixture and left for 30 minutes. The
absorbance was recorded at 488 nm and total
sugar was determined from the standard curve.

Fermentation
The microorganism was grown in minimal me-

dium having ammonium nitrate (3.0 g l-1), hydrated
magnesium sulphate (0.2 g l-1), sodium chloride
(0.2 g l-1), potassium dihydrogen phosphate (1.0 g
l-1), disodium hydrogen phosphate (4.0 g l-1) and
calcium chloride (0.05 g l-1). The initial pH of the
minimal medium was adjusted to 7.0 before auto-
claving for 15 min at 121oC and the cultures were
incubated at 30oC. The pretreated processed
maize straw was used as the substrate for the
isolation of ferulic acid. 1 ml of inoculum was used
in each flask containing substrate and incubated
till 10 days for analysis on day by day basis.

Analysis and detection of ferulic acid
Culture supernatants were prepared by filtra-

tion process. These were acidified (pH 1-2) and
extracted with equal volume of ethyl acetate. The
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ethyl acetate was evaporated using the rotary
vacuum evaporator and residue was dissolved in
50% methanol and used for high performance thin
layer chromatography. Separation and identifica-
tion of ferulic acid was performed by using high
performance thin layer chromatography having
wavelength UV-detector (CAMAG Linomat 5).
Samples are sprayed onto HPTLC plates
(034.5642 HPTLC plates Merck Silica gel 60
F254, 20 x 10 cm in size) in the form of bands
with nitrogen as carrier gas. The identification of
ferulic acid in sample was confirmed by compar-
ing retention times of standard ferulic acid. The
quantification of ferulic acid was done by the com-
paring the peak areas using win CATS software

Statistical analysis
All the measurements were carried out at least

three times and were presented as the arithmetic
mean ± standard deviation (SD).

Results
The carbohydrate content of both de-starched

and control samples were quantified (Fig. 1). The
carbohydrate content of de-starched and control
sample was 560 μg ml-1 and 1785 μg ml-1 respec-
tively. Pseudomonas fragi was inoculated in mini-
mal medium containing de-starched maize straw
and incubated for 10 days at 30°C. Quantifica-
tion of FA was performed by the HPLTC for 10

d. Results revealed that the amount of ferulic acid
increased continuously up to 7 days of incuba-
tion. The maximum amount of FA detected on 7
days of incubation was 260 mg kg-1 of straw. The
amount of ferulic acid when measured declined
after 7 days of incubation and was very negligible
on 10 days of incubation (Fig. 2). During the
course of biodegradation process, along with feru-
lic acid another metabolite was also detected in
the HPTLC chromatograph (Fig. 3).

Discussion
Over the past years, consumer demand for natu-

ral ingredients has widely increased. It has been
established that natural flavours include products
that are obtained through microbial or enzymatic
processes as long as the precursor or raw mate-
rial is of natural origin. Based on the above con-
cept, the biotechnological production of vanilla
flavour also requires a suitable starting compound.
Thus, considering the alternative natural sources
of ingredients as substrates for production pro-
cesses based on microbial biotransformation, have
become an increasingly attractive option. Due to
chemical similarity between ferulic acid and van-
illin, the biotransformation of ferulic acid to vanil-
lin is a study of interest. In order to produce “natu-
ral vanillin”, it is necessary to use “natural ferulic
acid” i.e. released from raw materials by GRAS
(Generally Regarded As Safe) enzymes.

Fig. 1. Carbohydrate contents of maize straw
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Fig. 2. Concentration of FA from maize straw by Pseudomonas fragi MTCC 10212

Fig. 3. HPTLC chromatogram of ferulic acid. (Upper) represents the standard
FA and (Lower) represents the released FA from maize straw

Many species of microorganisms have shown
their ability to transform or degrade the above
stated plant aromatic compounds 16. Filamentous
fungi can be an important source of phenol-de-

grading species as they grow frequently in wood
where phenolic structures are present. Strains of
bacteria, yeast and other fungi have also shown
to metabolize hydroxycinnamic acids to their cor-
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responding hydroxybenzoates. Hence, due to the
abundance of these natural aromatic products,
much scientific interest has been focused on the
ability of microorganisms to metabolize phenolic
compounds such as hydroxycinnamic acids, in
order to discover novel systems for the formation
of phenolic flavouring and aromas. Therefore, it
can be proposed that the concept of natural bio-
degradation has led to the evolution of biotrans-
formation technologies, which are important tools
for renewing natural resources by conversion into
commercially valuable products.

Ferulic acid is the ubiquitous phenolic com-
pounds and constitutes the bioactive ingredient of
many foods. Though FA is naturally found in many
parts of the plants its extraction from the various
residues like straw and husk of many crop plants
through biotransformation needs to be empha-
sized. In the present study, maize straw is being
used as source of FA. Maize straw is a byproduct
and represents an abundant but underexploited
renewable resource. Special attention is focused
on the extraction of anti-oxidants from these in-
expensive sources by microbial degradation. En-
zymatic upgrading of straw is an attractive alter-
native to environmentally damaging chemical
methods currently used for lignocellulose saccha-
rification. Over the last decade, concentration on
the isolation and purification of number of micro-
bial esterase which can cleave FA from sugar
residues in agro-industrial waste was emphasized.
In this case study, maximum amount of FA (260
mg kg-1) was obtained on 7 d day of incubation
using P. fragi MTCC 10212. Our previous study
on FA different Streptomyces isolates (S 39, LM
30 and S 10) confirmed about the amount of FA
obtained by these Streptomyces isolates were 213
mg, 155 mg and 64 mg per Kg of wheat bran
respectively 17. These studies indicate that crop
residues including maize straw could be used as
best sources for isolation of FA for a variety of

industrial applications. Staphylococcus aureus
was selected for the isolation of ferulic acid from
wheat bran 18. Amount of isolated ferulic acid was
continuously increases from 1st day to 7th day of
incubation. It was confirmed that about 275 mg
of ferulic acid was obtained from 1kg of wheat
bran after 6th days of incubation period. It was
confirmed that the ferulic acid esterases activi-
ties of Staphylococcus aureus was higher than
the ferulic acid esterases activities of different
Streptomyces sp. The enzyme that catalyzes the
conversion of process optimization and the enzy-
matic activities of various other microorganisms
may further enhance the quantity of FA extrac-
tion that needs to be further investigated. Also
the other metabolite that was detected along with
FA could be some other phenolic compounds like
vanillin or vanillic acid that are the degradation
products of FA.

Conclusion
Pseudomonas fragi was selected for the iso-

lation of ferulic acid from maize starw. A effi-
cient HPTLC method has been developed to
separate hydroxycinnamic acids and their hydroxy-
benzoates derivatives. Maximum amount of FA
(260 mg kg-1) was obtained on 7 day of incuba-
tion using this microorganism. It was seen that,
the product accumulation remained stable for a
considerably long period of time. Therefore,
Pseudomonas fragi might be of significance from
the point of view that, this strain could be useful
as ferulic yielding strains leading to the improve-
ment of production of vanillate derivatives. This
strain could also be competently shuffled with
some strains of hyper producing ferulic acid
esterase activity if mutant enzymes could be
evolved or imported from other genomes and used
in the pathway of improved strain, resulted from
genome shuffling.
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