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Abstract Biotransformation of p-coumaric acid by Pae-
cilomyces variotii resulted in the accumulation of a
metabolite which was identified as p-hydroxybenzoic acid.
We studied the possibility of enhancing this metabolite by
various parameters such as varying the concentration of
substrate, addition of different nitrogen sources and carbon
sources at varying concentration and use of different
agricultural wastes as a nutritive medium. Maximum
amount of 254.6 £ 9.34 mg/kg of p-hydroxybenzoic acid
was detected in the solid medium of corncob on 4th day of
incubation using 10 mM p-coumaric acid as a sole carbon
source. Consequently, P. variotii can be used as candidate
fungi for the production of p-hydroxybenzoic acid. Solid
wastes can be managed by using them for biotransforma-
tion of pharmaceutically important phenolic acids and
hence cut down the cost of production of value-added
compounds using a low-cost medium.
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Introduction

Phenolic acids and its derivatives exist in all plants and plant-
based foods such as vegetables, fruits and grains. The major
fraction is generally linked through ester or ether bonds with
other components. Phenolic acids possess antioxidant (Co-
telle 2001), anti-tumor (Rocha et al. 2012), anti-diabetic and
anti-inflammatory responses (Araujo and Leon 2001) that
makes them pharmaceutically important group of com-
pounds (Robbins 2003). p-Coumaric acid is one of the major
components of plant cell wall and is abundantly available in
nature (Harris and Hartley 1980). Decomposition of p-cou-
maric acid is likely to occur during extraction using most
commonly used methods such as acid hydrolysis and
saponification. Enzymatic processes can be a safe alternative
and recently there has been an increasing interest in using
microorganisms for their extraction or transformation of
phenolic acids (Stalikas 2007). The most common phenolic
acid is p-coumaric acid and, therefore, it can be utilized as a
substrate for the production of value-added phenolic acids
such as p-hydroxybenzoic acid (Sachan et al. 2006).
Consequently, solid waste management is an alarming
problem encountered by many of the developing countries
across the globe. 140 billion metric tons of biomass is
generated globally every year from agriculture sector (Kaur
et al. 2013). This enormous amount of biomass can be
converted into energy for household and industrial uses. A
parallel set of industries has to be established that can
utilize the agricultural waste to convert them into useful
products for the sustainable management of the waste and
for the sustainable economic growth of the country.
Phenolic acids are released as a breakdown product of
lignin in plant cell wall and there has been a considerable
interest in producing these phenolic acids from natural
substrates (Reinoso et al. 2006). Raw materials and by-
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products of agriculture can be utilized to produce phar-
maceutically important phenolic acids. The use of solid
substrates can result in high yields and has received
increasing scientific interest than any other methods. In this
study, we report the biotransformation of p-coumaric acid
into p-hydroxybenzoic acid by Paecilomyces variotii
MTCC 6581 in suspension culture as well as using various
agricultural wastes as a nutritive medium.

This kind of biotransformation of phenolic acids is
important for the global carbon cycle from an environ-
mental point of view as they are released as a breakdown
product from plants (Peng et al. 2003). Earlier reports have
shown that Streptomyces, P. variotii and Pycnoporus cin-
nabarinus can metabolize p-coumaric acid and produce
p-hydroxybenzoic acid (Nambudiri and Bhat 1972; Alva-
rado et al. 2001; Sachan et al. 2005, 2006). Catabolic route
of p-coumaric acid in white rot fungus Schizophyllum
commune was also investigated (Sachan et al. 2010).
Agricultural wastes do contain phenolic acids and there is a
need for processing and extracting these phenolic acids to
obtain value-added compounds.

Materials and methods
Culture, chemicals and agricultural waste

A pure fungal culture of P. variotii was obtained from MTCC
(Microbial Type Culture Collection, Chandigarh; MTCC
6581) and was maintained on Potato dextrose agar slants at
37 °Cfor 7 days (Sachan et al. 2005). p-Coumaric acid and p-
hydroxybenzoic acid standards were obtained from Sigma
and the rest of the chemicals were procured from Himedia
(India). Wheat bran, rice bran, sugarcane bagasse, corncob,
paddy straw, peanut skin, pomegranate peel and wheat straw
were obtained fresh from the field and or industries.

Medium, culture conditions and extraction

Minimal media was used for the conversion of p-coumaric
acid. Fungal spore suspension was inoculated into minimal
media containing basal inorganic salts (Muheim and Lerch
1999). All the carbon sources were filter sterilized before
their addition into the medium. 1 ml of fungal spore sus-
pension was added into the flasks containing 25 ml of the
medium supplemented with p-coumaric acid as a sole
source of carbon and incubated up to 10 days. The culture
filtrate obtained after filtration is acidified with concen-
trated hydrochloric acid to adjust the pH to 1-2. It was then
extracted with ethyl acetate thrice and the organic layer
was separated and dried. The residue left was dissolved in
50 % methanol and used to detect the biotransformed
products (Sachan et al. 2006).
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Standardization of culture conditions
Substrate concentration

Effect of various concentrations of p-coumaric acid on p-
hydroxybenzoic acid formation was examined. Fungal
spore suspension was inoculated on minimal media con-
taining varying concentrations of p-coumaric acid (1.0, 2.5,
5.0, 7.5, 10.0 mM). The cultures were incubated for
10 days at 37 °C. The samples (three flasks 25 ml) were
then harvested at an interval of 2 days and quantified
(Sarangi and Sahoo 2009).

Nitrogen sources

Fungal spore suspension was allowed to grow on minimal
medium containing different nitrogen sources (ammonium
nitrate, ammonium sulfate, potassium nitrate and sodium
nitrate) and 10 mM p-coumaric acid as a carbon source.
Analysis was carried out by sampling the cultures at an
interval of 2 days for duration of 10 days.

Carbon sources

Different carbon sources (glucose, fructose and sucrose) of
varying concentration (0.25, 0.50, 1.00, 1.50 and 2.00 %
w/v) was supplemented into the minimal medium (Sachan
et al. 2005) and incubated for 10 days. Sampling of the
cultures was performed at an interval of 2 days for a period
of 10 days.

Effect of agricultural waste

Different agricultural wastes (wheat bran, rice bran, sug-
arcane bagasse, corncob, paddy straw, peanut skin, pome-
granate peel and wheat straw) were collected, dried and
powered (140 US Mesh sized filter). Fungal spore culture
was allowed to grow on 10 g of the raw materials taken in
each of the conical flasks containing 10 mM p-coumaric
acid as a carbon source to which 20 ml of distilled water
was added (Bello et al. 2012). The culture was incubated at
37 °C for 10 days followed by addition of 30 ml of dis-
tilled water and subjected to extraction (Sachan et al. 2005,
2006). The biotransformed products were detected by
analytical procedures—TLC and HPLC (Sachan et al.
2006; Sarangi and Sahoo 2009).

Identification and quantification

Thin layer chromatography was performed for the identi-
fication of the biotransformed phenolic acid. The TLC
analysis was performed as described by Pifferi (1965)
and the samples that showed maximum intensity were
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quantified using HPLC (Figs. S1, S2, S3, S4). Quantifica-
tion of the biotransformed products was performed on a
Waters dual absorbance HPLC unit, equipped with a Cig
column (4 pum, 3.9 x 75 mm) and the detector set at 254
and 310 nm. An isocratic linear solvent system of 1 mM
trifluroacetic acid (72 %) and methanol (28 %), with a flow
rate of 1.0 ml/min for 15 min at room temperature was
used to elute the phenolic compounds. The phenolic
compounds were identified by comparing it with the
retention time of the standards and quantified by measuring
the peak areas (Sachan et al. 2006). All the experiments
were performed in triplicates. Statistical analysis was per-
formed and a p value of <0.05 was considered significant.

Results and discussion
Effect of p-coumaric acid concentration

Paecilomyces variotii was incubated in minimal media
containing increasing concentrations of p-coumaric acid
(1.0, 2.5, 5.0, 7.5 and 10.0 mM) as a sole source of carbon.
Time course study of p-coumaric acid utilization was car-
ried out and it was found that P. variotii was capable of
transforming p-coumaric acid into p-hydroxybenzoic acid.
It was observed that as the concentration of p-coumaric
acid increased, there was an increase in production of p-
hydroxybenzoic acid. A maximum of 11.36 & 0.95 mg/I of
p-hydroxybenzoic acid production was observed in the
medium supplemented with 10 mM of p-coumaric acid on
8th day of incubation (Fig. 1). The slight variation was
observed in the conversion rate of 5 and 7.5 mM of p-
coumaric acid i.e., 10.36 & 0.68 and 10.46 + 0.77 mg/l
and there is no explanation for the same.

Recently, a number of studies have been conducted to
produce such pharmaceutically important compounds using
various microbes as the focus remains on antioxidant and
anticancer properties of hydroxycinnamic acids (Rahouti
et al. 1989; Alvardo et al. 2003; Sachan et al. 2006). It was
observed that higher concentration of substrate increased
the production of p-hydroxybenzoic acid (Sachan et al.
2006). Sachan et al. (2006) observed the production of
200 mg/l of p-hydroxybenzoic acid and the production in
the present investigation was very much lower (11.36 mg/
1). This may be due to the effect of subsequent subculture
of the organisms on the medium, due to decrease in its
enzyme activity (Ekinci et al. 2006). [The P. variotii was
isolated by Ghosh et al. (2006) from a dried mesocarp of
tender coconut and was deposited at MTCC. By the time
we procured, the culture would have undergone many
subcultures and the process of cryo-preservation affects the
productivity].
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Fig. 1 Effect of p-coumaric acid concentration on the production of
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16
=
-
on 14
g
= 12
&
g 10
5] |
g 8
2
6 -
g
s 4
>
g 2
_y
0 - T T T —
Ammonium Ammonium Sodiumnitrate Potassiumnitrate
nitrate sulphate
Nitrogen sources

Fig. 2 Effect of different nitrogen sources on the production of
p-hydroxybenzoic acid from p-coumaric acid

Effect of nitrogen source

Effect of various nitrogen sources on the production of p-
hydroxybenzoic acid was investigated. It was found that
ammonium sulfate could elevate the production to
13.9 4+ 0.97 mg/l on 8th day of incubation as compared to
ammonium nitrate present in the minimal medium. The
production ranged from 11.3 & 0.95 to 13.9 + 0.97 mg/l
when different nitrogen sources were used but the presence
of potassium nitrate had a negative effect on the production
of p-hydroxybenzoic acid (Fig. 2). Hence, it is necessary to
choose suitable nitrogen source for production of phenolic
compounds.

Nitrogen sources play an important role in the survival
and reproduction of the organism. It is the main compo-
sition of DNA, protein and acts as a building block of the
cells. Recently, in the biotransformation studies of me-
loxicam by Cunninghamella blakesleeana, the nitrogen
source was varied and it was found that ammonium nitrate
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was most suitable for efficient production (Prasad et al.
2011).

Effect of carbohydrate concentration

Glucose, sucrose and fructose at varying concentrations
(0.25, 0.50, 1.00, 1.50 and 2.00 % w/v) were supplemented
into the medium along with 10 mM of p-coumaric acid and
it was observed that 1 % glucose showed a better pro-
duction with a maximum of 35.5 £ 2.28 mg/l p-hydroxy-
benzoic acid on 8th day of incubation (Fig. 3). The
concentration of p-hydroxybenzoic acid decreased as the
glucose concentration increased (other metabolites were
not monitored), as the cell prefers to use the easily avail-
able carbon source when compared to complex p-coumaric
acid. The presence of sucrose at 0.5 % was able to produce
18.49 £ 1.18 mg/l of p-hydroxybenzoic acid, and an
increase in the sucrose concentration decreased the pro-
duction (Fig. 3). The presence of fructose had a deleterious
effect on the production of p-hydroxybenzoic acid as the
concentration increased.

Glucose is the most preferred carbohydrate in fermen-
tative processes and, therefore, addition of glucose at a
particular concentration can help in the increased activity
of the organism and thus elevated production (Prasad et al.
2011). Also, supplementation of different carbon sources
can have various effects on the morphology, biomass and
production of metabolites in fungus (Jia et al. 2009). We
report for the first time the use of different carbon sources
at varying concentrations for the transformation of p-cou-
maric acid into p-hydroxybenzoic acid.

Effect of agricultural wastes on the production of
p-hydroxybenzoic acid

Different agricultural wastes (wheat bran, rice bran, sug-
arcane bagasse, corncob, paddy straw, peanut skin, pome-
granate peel and wheat straw) were used as a nutrient
source for the production of p-hydroxybenzoic acid using
P. variotii. The production of p-hydroxybenzoic acid was
analyzed at various intervals of incubation time (2 and
4 days) and it was observed that corncob was able to
produce a maximum of 254.6 + 9.34 mg/kg of p-hy-
droxybenzoic acid on 4th day of incubation, followed by
rice and wheat bran (60.54 £ 3.72 and 30.65 + 3.37 mg/
kg, respectively, Fig. 4). The production of p-hydroxy-
benzoic acid from other agricultural waste was too low
compared with that of corncob, rice bran and wheat bran.
Agricultural waste (corncob) was most efficient in the
biotransformation of p-coumaric acid to p-hydroxybenzoic
acid as compared to the minimal media and, hence, these
solid wastes in a way can be utilized commercially for
producing value-added compounds.
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Fig. 3 Effect of different carbon sources at varying concentrations on
the production of p-hydroxybenzoic acid
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Fig. 4 Effect of agricultural waste on the production of p-hydroxy-
benzoic acid (WB wheat bran, RB rice bran, SC sugarcane bagasse,
CC corncob, WS wheat straw, PS paddy straw, PNM peanut meal, PP
pomegranate peel)

Conclusion

The filamentous fungus, Paecilomyces variotii, appears to
be a promising organism for the production of p-hy-
droxybenzoic acid from p-coumaric acid. This study
demonstrates the use of nutrient supplements and various
agricultural wastes for production of the potent antioxidant
and anti-cancer compound, p-hydroxybenzoic acid. The
use of agricultural waste (corncob) is of great potential for
production of value-added compounds having pharmaceu-
tical importance, hence solving a problem for waste man-
agement as well.

Acknowledgments Authors thank the management of Jain Uni-
versity, India for providing necessary facilities to carry out the work
and Dr. Savithri H.S., Department of Biochemistry, Indian Institute of
Science, Bangalore, India for providing the HPLC facility.



3 Biotech (2015) 5:647-651

651

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

References

Alvarado EI, Lomascolo A, Navarro D, Delattre M, Asther M, Meessen
LL (2001) Evidence of a new biotransformation pathway of p-
coumaric acid into p-hydroxybenzaldehyde in Pycnoporus cinna-
barinus. Appl Microbiol Biotechnol 57:725-730

Alvardo IE, Navarro D, Record E, Asther M, Meessen LL (2003)
Fungal biotransformation of p-coumaric acid into caffeic acid by
Pycnoporus cinnabarinus: an alternative for producing a strong
natural antioxidant. World J Microbiol Biotechnol 19:157-160

Araujo CC, Leon LL (2001) Biological activities of Curcuma longa
L. Mem Inst Oswaldo Cruz 96:723-728

Bello ED, Rebecchi S, Negroni S, Zanaroli G, Gioia DD, Ruzzi M,
Fava F (2012) Vanillin production from wheat bran with
Pseudomonas fluorescens BF13-1P. Environ Eng Manage J 11:68

Cotelle N (2001) Role of flavonoids in oxidative stress. Curr Top Med
Chem 1:569-590

Ekinci MS, Ozkose E, Akyol U (2006) Effect of sequential sub-
culturing on the survival and enzyme activity on Neocallimastix
hurleyensis. Turk J Biol 30:157-162

Ghosh S, Sachan A, Mitra A (2006) Formation of vanillic acid from
ferulic acid by Paecilomyces variotii MTCC 6581. Curr Sci
90:825-829

Harris PJ, Hartley RD (1980) Phenolic constituents of the cell walls of
monocotyledons. Biochem Syst Ecol 8:501-507

Jia Z, Zhang X, Cao X (2009) Effects of carbon sources on fungal
morphology and lovastatin biosynthesis by submerged cultiva-
tion of Aspergillus terreus. Asia-Pac J Chem Eng 4:672-677

Kaur S, Dhillon GS, Brar SK (2013) Increasing trend towards
production of high value bioproducts from biomass feedstocks.
Int J] Waste Res 3:2252-5211

Muheim A, Lerch K (1999) Towards a high-yield bioconversion of
ferulic acid to vanillin. Appl Microbiol Biotechnol 51:456-461

Nambudiri AMD, Bhat JV (1972) Conversion of p-coumarate into
caffeate by Streptomyces nigrifaciens. Biochem J 130:425-433

Peng X, Misawa N, Harayama S (2003) Isolation and characterization
of thermophilic bacilli degrading cinnamic, p-coumaric and
ferulic acids. Appl Environ Microbiol 69:1417-1427

Pifferi PG (1965) Thin layer chromatography on silica gel G of some
phenol carboxylic acids. Vitis 5:24-26

Prasad GS, Rao KN, Preethi R, Girisham S, Reddy SM (2011)
Biotransformation of meloxicam by Cunninghamella blakeslee-
ana: significance of carbon and nitrogen source. Indian J
Microbiol 51:82-87

Rahouti M, Murandi FS, Steiman R, Eriksson KE (1989) Metabolism
of ferulic acid by Paecilomyces variotii and Pestalotia palma-
rum. Appl Microbiol Biotechnol 55:2391-2398

Reinoso B, Moure A, Dominguez H, Parajo JC (2006) Supercritical
CO, extraction and purification of compounds with antioxidant
activity. J Agric Food Chem 54:2441-2469

Robbins RJ (2003) Phenolic acids in foods: an overview of analytical
methodology. J Agric Food Chem 51:2866-2887

Rocha LD, Monteiro MC, Teodoro AJ (2012) Anticancer properties
of hydroxycinnamic acids: a review. Cancer Clin Oncol
1:109-121

Sachan A, Ghosh S, Mitra A (2005) Biotransformation of p-coumaric
acid by Paecilomyces Variotii. Lett Appl Microbiol 42:35-41

Sachan A, Ghosh S, Sen SK, Mitra A (2006) Co-production of caffeic
acid and p-hydroxybenzoic acid from p-coumaric acid by
Streptomyces caeruleus MTCC 6638. Appl Microbiol Biotech-
nol 71:720-727

Sachan A, Ghosh S, Mitra A (2010) Transforming p-coumaric acid
into p-hydroxybenzoic acid by the mycelial culture of a white rot
fungus Schizophyllum commune. Afr J Microbiol Res 4:267-273

Sarangi PK, Sahoo HA (2009) Standardization of cultural conditions
for maximum vanillin production through ferulic acid degrada-
tion. Sci Pub 1:49-51

Stalikas CD (2007) Extraction separation and detection methods for
phenolic acids and flavonoids. J Sep Sci 30:3268-3295

Disase cllod dyao .
KACST a,01étlg roglel @ Springer



	Standardization of medium composition and agricultural waste in the production of p-hydroxybenzoic acid by Paecilomyces variotii
	Abstract
	Introduction
	Materials and methods
	Culture, chemicals and agricultural waste
	Medium, culture conditions and extraction

	Standardization of culture conditions
	Substrate concentration
	Nitrogen sources
	Carbon sources
	Effect of agricultural waste
	Identification and quantification

	Results and discussion
	Effect of p-coumaric acid concentration
	Effect of nitrogen source
	Effect of carbohydrate concentration
	Effect of agricultural wastes on the production of p-hydroxybenzoic acid

	Conclusion
	Acknowledgments
	References




