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a  b  s  t  r  a  c  t

Production  of  a commercially  important  biodegradable  polymer,  pullulan,  by  Aureobasidium  pullulans
from  four  agricultural  wastes  namely  wheat  bran, rice  bran,  coconut  kernel  and  palm  kernel  was  eval-
uated  in  solid  state  fermentation.  Under  the  experimental  conditions,  palm  kernel  resulted  in  highest
concentration  of pullulan  (16 g/L) among  the  four solid  substrates.  Optimum  initial  pH  and  moisture
content  for  pullulan  production  were  found  out  to  be 6.5  and  50%  respectively.  18.43  g/L of  pullulan  was
produced  from  Asian  palm  kernel  with  initial  pH 6.5  after  7 days  of  fermentation  and  yeast  like  morphol-
ogy  was  predominant  under  this  condition.  Among  different  nitrogen  sources  tried  in this  study,  yeast
extract  was  found  to  the best.  The  pullulan  produced  from  palm  kernel  was  characterized  by FTIR  and
1H  NMR.  The  results  were  matching  with  that  of commercial  pullulan.  Thus,  Asian  palm  kernel  appears
to  be an  attractive  low  cost  carbon  source  for the  production  of  pullulan.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Pullulan is a linear, un-branched exo-polysaccharide (Carolan,
Catley, & McDougal, 1983; Taguchi, Kikuchi, Sakano, & Kobayashi,
1973) which consists of uniform linkage pattern of maltotriose
units which are attached by an � (1 → 4) glycosidic linkages and
repeated maltotriose units which are attached to each other by
an � (1 → 6) glycosidic linkages (Catley, Ramsay, & Servis, 1986;
Sutherland, 1998). It is a water soluble biopolymer but it is insoluble
in organic solvents, excluding dimethylformamide and dimethyl-
sulfoxide (Leathers, 2002; Sugimoto, 1978). It is nontoxic, tasteless,
odourless, white, and non-hygroscopic (Leathers, 2002; Sugimoto,
1978).

Aureobasidium pullulans called as black yeast have five dif-
ferent cell morphologies like swollen blastospores, yeast-like
cells, mycelia, chlamydospores and young blastospores (Ronen,
Guterman, & Shabtai, 2002). From an ecological point of view,
A. pullulans is mainly found on leaves and various surfaces such
as concrete, lime stone, wood, soil and forest barks (Bhadra, Rao,
Singh, Sarkar, & Shivaji, 2008). A. pullulans is a polymorphic fungus,
ranging from blastic conidia and swollen cells to pseudohyphae,
hyphae, and chlamydospores, depending upon age of inoculmn,
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culture conditions and medium composition (Leathers, 2003) that
produces pullulan (Gibbs & Seviour, 1992).

Recently pullulan has been widely used in pharmaceutical
industry as a biomaterial (Alban, Schauerte, & Franz, 2002; Masci,
Bontempo, & Crescenzi, 2002; Sivakumar & Rao, 2003). Pullulan
can be also used as a non-caloric food ingredient, dietary food as a
starch. It forms transparent film, impervious to oxygen transfer and
used as a packing and coating materials in food and pharmaceuti-
cal industries (Deshpande, Rale, & Lynch, 1992). Pullulan is widely
used in high performance liquid chromatography (HPLC) columns
and in size exclusion chromatography as a molecular mass standard
(Buliga & Brant, 1987).

In spite of its commercial importance and wide spread appli-
cations in the fields of food, pharmaceutical, lithography and
other fields, its use in large scale is limited by the economic
constraints. In the recent review on the pullulan, it is reported
that the cost of pullulan is about three times higher than that
of other polysaccharides (Ram, Gaganpreet, & Kennedy, 2008).
Various approaches had been adopted to bring the cost pullu-
lan production. This includes, engineering innovations, improved
strains (Ram et al., 2008) and identification of cheaper and
effective carbon and nitrogen sources (Wu,  Jin, Tong, & Chen,
2009; Göksungur, Uzunoğulları, & Dağbağlı, 2011). It had been
reported that cost of the media components accounts for
30% of total production cost (Miller & Churchill, 1986; Nishat
Sharma, Prasad, & Choudhury, in press). Agro-industrial wastes
(Israilides, Bocking, Smith, & Scanlon, 1994, Israilides et al., 1998),
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potato starch waste (Barnett, Smith, Scanlon, & Israilides, 1999),
deproteinized whey (Roukas, 1999a), brewery wastes (Roukas,
1999b), jaggery (Vijayendra, Bansal, Prasad, & Nand, 2001), beet
molasses (Lazaridou, Roukas, Biliaderis, & Vaikousi, 2002), sweet
potato (Wu et al., 2009), coconut by-products (Thirumavalavan,
Manikkandan, & Dhanasekar, 2009), hydrolyzed potato starch
waste (Göksungur et al., 2011), and corn steep liquor (Nishat
Sharma et al., in press) were the alternate carbon sources reported
in pullulan literature.

In this study, four different agricultural wastes namely wheat
bran, rice bran, coconut kernel and palm kernel were evaluated as
possible low cost carbon sources for the production of microbial
pullulan. Asian palm kernel emerged to be the best carbon source
among the four. The effects of moisture content, nitrogen source,
initial pH and fermentation time on pullulan production from Asian
palm kernel were investigated in solid state fermentation. To the
best of our knowledge, this is the first report on production of pul-
lulan by A. pullulans in solid state fermentation using palm kernel
as a sole carbon source.

2. Materials and methods

2.1. Microorganisms and culture conditions

A. pullulans MTCC 2670 was purchased from MTCC, Chandigarh,
India. Stock cultures of the fungi were maintained on potato dex-
trose agar at 4 ◦C and sub cultured every 3 weeks. Potato dextrose
agar composition was: potato (scrubbed and diced) – 200 g/L; dex-
trose – 20 g/L; agar – 15 g/L.

2.2. Inoculum preparation in culture medium

Basal medium contains the following: sucrose – 30 g/L;
(NH4)2SO4 – 2 g/L; yeast extract – 0.4 g/L; K2HPO4 – 5.0 g/L;
MgSO4·7H2O – 0.2 g/L and NaCl – 1.0 g/L and pH was adjusted to
7 before sterilization. The medium was sterilized for 15 min  at
121 ◦C and cooled. Two loops of A. pullulans cells were transferred
to 250 mL  Erlenmeyer flasks containing 50 ml  of sterilized culture
medium which was incubated at 30 ◦C for 48 h in an orbital shaker
at 200 rpm. These cultures were used as inoculum for pullulan pro-
duction.

2.3. Solid state fermentation

Palm kernel was used as solid substrate and carbon source in
solid state fermentation. Palm kernel was obtained from matured
palmyra fruit (Borassus flabellifer). The outer most layers of the
palmyra fruits were removed and the matured inner part (palm
kernel) of the palmyra fruits had been cut into pieces. These pieces
were sun-dried for 6–8 days to prevent microbial deterioration.
Solid substrate was prepared by taking 20 g of palm kernel pieces
in 250 mL  Erlenmeyer flask and the volume of basal medium was
varied according to the moisture content. The basal medium was
added with solid substrate and initial pH was adjusted to 7.5 (before
sterilization). Then mixture was sterilized for 15 min  at 121 ◦C and
sterilized medium was inoculated with 2% v/v of 48 h old culture
(0.8 O.D at 650 nm)  of A. pullulan grown on culture medium.

2.4. Determination of the effect of different factors on pullulan
production

As mentioned earlier in the introduction section, four differ-
ent agro-wastes namely wheat bran, rice bran, coconut kernel and
palm kernel were examined for the production of microbial pullu-
lan. After screening solid substrate, effects of these variables such
as initial pH (3–11), fermentation time (1–8 days), initial moisture

content (10–90%) and screening of nitrogen sources such as ammo-
nium sulfate, ammonium chloride, peptone, yeast extract and malt
extract on pullulan production were studied.

2.5. Estimation of pullulan concentration

Samples were taken from fermentation medium and cen-
trifuged at 10,000 × g for 20 min  for estimating pullulan con-
centration. The supernatant obtained from centrifugation was
precipitated by adding two volumes of ethanol at 4 ◦C for 1 h. Then
precipitate was  treated with acetone and filtered by pre-weighed
Whatman No.1 filter paper and dried at 90 ◦C for constant weight
and dry weight of pullulan was expressed as g/L (Vijayendra et al.,
2001).

2.6. Morphological observation and yeast biomass estimation

Cell morphology was observed using light microscopy (Carl
Zeiss inc. Germany). Estimation of yeast biomass in dry weight
was carried out according to the method described by Reeslev,
Nielsen, Olsen, Jensen, and Jacobsen (1991).  Sample was taken from
solid state fermentation under aseptic condition and centrifuged at
12,000 rpm for 10 min  centrifugation was  carried out three times
for efficient separation of cells and substrate from supernatant. It
was ensured that cells were not present in the supernatant using
light microscope (Carl Zeiss inc., Germany). The pellet so collected
was added with 5 mL  of 1% NaCl solution. Then sample was  filtered
through a nylon mesh of 41 �m square porosity for the separation of
yeast cells from mycelium and solid substrate (Reeslev et al., 1991).
Using light microscope, it was  conformed that only yeast like cells
were appeared in the filtrate and yeast like cells were dried at 90 ◦C
to constant weight. Mycelia mat  on the mesh and solid substrate
were washed with water and dried at 90 ◦C to constant weight.
Yeast biomass was  expressed by percentage of total dry weight of
solid substrate and cells (Mitchell, Krieger, & Berovi, 2006).

2.7. Characterization of pullulan

The purified sample was characterized using IR spectroscopy
(Perkin-Elmer 1600 spectrophotometer) and 1H NMR  (Bruker
300 MHz  Instrument, Germany) and results were compared with
that of commercial pullulan (TCI chemicals, Tokyo). FTIR samp-
ling was  done with KBr pellet method (Hui-zhu et al., 2009;
Thirumavalavan et al., 2009) and 1H NMR  sample was prepared by
dissolving 10 mg of pullulan in 0.5 mL  DMSO-d6 solvent and TMS
was used as an internal standard (Hui-zhu et al., 2009).

3. Result and discussion

3.1. Screening of solid substrate

Fig. 1 shows the screening of solid substrate on pullulan produc-
tion with 50% moisture content. Maximum pullulan concentration
obtained with these carbon sources were 5.5, 7.5, 9.5 and 16.0 g/L
for rice bran, wheat bran, coconut kernel and palm kernel respec-
tively. Therefore, palm kernel was selected as a solid substrate for
pullulan production and used for further studies. Thirumavalavan
et al. (2009) obtained pullulan concentration of 38.3 g/L and 58 g/L
from coconut water and coconut milk respectively in submerged
fermentation. Vijayendra et al. (2001) had reported 51 g/L pullu-
lan yield from jaggery and derivative of sucrose. Ray and Moorthy
(2007) produced pullulan from wheat bran, rice bran and cassava
starch with and without basal medium and maximum production
of pullulan 27.5 g/kg of substrate, was  achieved using cassava starch
residue as a solid substrate (Ray & Moorthy, 2007).
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