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ABSTRACT
Production of industrially important biopolymer, pullulan was investigated using asian palmyra palm kernel in solid
state fermentation. After fermentation, polysaccharide was recovered by harvesting the cells at 121p C in autoclave,
centrifugation followed by solvent precipitation. Recovery of pullulan was tried with single step solvent precipitation
method. Screening of solvents such as acetone, isopropanol, ethanol and butanol on pullulan recovery was
studied. After screening the suitable solvent, effects of volume ratio of solvent & supernatant and precipitation
time on pullulan recovery were carried out.  2014 Trade Science Inc. - INDIA

INTRODUCTION

Microbial pullulan, biodegradable, colorless, taste-
less, non toxic and odorless powder decomposes at 2500

C[1]. Pullulan is not soluble in many solvents such as iso-
propanol, methanol and ethanol. Pullulan is soluble in
water to form viscose solution, which is able to form trans-
parent, oxygen impermeable thin films and fibers[2,3].
Pullulan is used as a standard material for estimating
molecular weight of polymers in chromatography col-
umn[4], as a plasma expander due to biodegradability and
molecular weight[5], control release of genetic material[6].
In recent years, pullulan is widely used in food, biomedi-
cal and pharmaceutical industry[7].

Market price of microbial pullulan is higher than other
polysaccharides like dextran and xanthan gum[8] due to
production cost and recovery cost. Cost of fermentation
was considerably reduced by various low cost materials
such as jaggery[9], beet molasses[10], sweet potato[11],

hydrolysed potato starch waste[12], asian palmyra palm
kernel[13], jack fruit seed[14] and cassava bagasse[15,16].
Generally, pullulan is recovered from fermentation me-
dium using centrifugation followed by solvent precipita-
tion. Low volume of solvents having low hydrophilicity
and high molecular weight such as propanol, iso pro-
panol and tetrahydrofuran are appropriate for precipita-
tion than low molecular weight and high hydrophilicity[17],
however further purification steps such as ultra filtration
and ion exchange are required[18].

The objective of the work was to produce pullulan
under low cost fermentation. An attempt had been made
to recover the polymer from fermentation medium with
one step, cost effective, precipitation method.

MATERIALS AND METHODS

Microorganisms and culture conditions

Aureobasidium pullulans MTCC 2670 was pur-
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chased from Microbial Type Culture Collection,
Chandigarh, India. Stock culture was maintained using
PDA agar at 40C and revived once in three weeks.

Seed medium consisting of sucrose-30 g/L;
(NH

4
)

2
SO

4
-0.6 g/L; yeast extract- 0.4 g/L; K

2
HPO

4
-

5.0 g/L; MgSO
4
.7H

2
O-0.2 g/L; NaCl -1.0 g/L was

prepared[19]. pH of the medium was adjusted to 5.5
using 1N NaOH or 1N HCl. Medium was autoclaved
at 1210 C for 15 min and cooled. Two loops of cells
from stock culture were transferred to 100 ml of steril-
ized medium which was incubated in an orbital shaker
at 200 rpm for 3 days at 300C.

Solid state fermentation

Palmyra palm seeds were collected from Pudukottai
and Sivagangai districts, Tamilnadu, India. Outer shell
of seed was removed. Palm kernel was carefully taken
and washed with distilled water in three times to re-
move the impurity. Then kernel was cut into pieces, air
dried for seven days. Twenty gram of palmyra palm
kernel was taken in 250ml Erlenmeyer flask, in which
basal medium (NH

4
)

2
SO

4
-0.6 g/L; yeast extract- 2.5

g/L; K
2
HPO

4
- 5.0 g/L; MgSO

4
.7H

2
O-0.2 g/L and

NaCl -1.0 g/L) was added. Production medium pH
was adjusted to 6.8 before sterilization using 1N NaOH
or 1N HCl. Solid:moisture ratio was maintained at 1:1
and medium was sterilized and inoculated with 5% (v/
v) of seed culture having 0.8 optical density. Then, het-
erogeneous fermentation medium was shacked for
10-15 min for achieving uniform humidity on solid sub-
strate. The fermentation was carried out at room tem-
perature.

Extraction of biopolymer

After fermentation, sample was mixed with six vol-
ume of distilled water and kept in an orbital shaker for
2 h at 200 rpm[15]. Then medium was harvested at 1210

C for 15 min in autoclave. Then harvested medium was
centrifuged at 10000 rpm for 15 min at 40 C. Solid
particles with cell debris were carefully removed and
dried at 900 C to constant weight. Supernatant was
blended with equal volume of cold ethanol at 40 C for
24h for precipitation. Then precipitated sample was
dissolved by the addition of 10 ml deionized water,
heated to 800 C for 20 min, cooled. Then sample was
again centrifuged at 10000 rpm for 15 min at 40 C to
recover the precipitate. Precipitated sample was dried

at 900 C to constant weight[9,13,14,16]. Yield of pullulan
was expressed as mg of pullulan per g of dry substrate
(mg/gds). Experiments were carried out in triplicates
and values are expressed by mean ± SD using minitab

statistical software, version 16. The level of significance
was considered as p <0.01[8].

Down stream processing

The effect of different solvents such as acetone, iso-
propanol, ethanol and butanol on recovery of pullulan
(%w/v) was studied. This study was carried out by the
addition of various solvent with supernatant in the vol-
ume ratio of 1:1 and sample was kept at 40 C for 24 h
for precipitation. After screening the suitable solvent for
precipitation, the effect of volume ratio of solvent on
pullulan recovery (%w/v) was investigated at 40 C for
24 h. effect of precipitation time on pullulan recovery
(%w/v) was carried out after finding the suitable sol-
vent and volume ratio of supernatant & solvent.

RESULTS AND DISCUSSIONS

Screening of solvent

Various solvents such as ethanol, acetone, butanol
and isopropanol were used as to precipitate pullulan
after centrifugation. Comparison of various solvent on
% recovery of pullulan (%w/v) is shown in Figure 1.
Tukey�s test conformed that difference in % recovery

of pullulan using various solvent was statistically signifi-
cant (P<0.01). maximum pullulan recovery (1.27 %w/
v) was obtained by ethanol. Similarly, Kachhawa et al.
2003 studied screening of various solvents on amount

Figure 1 : Screening of solvent on recovery of pullulan (mean
± SD, n=3)
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of precipitation of pullulan and observed ethanol to be
a best solvent for pullulan precipitation and resulted 0.45
g pullulan[18]. Addition of ethanol to pullulan precipita-
tion at 40 C was reported by several researchers[20-23].
Roukas and Biliaderis (1995) used ethanol in a second
stage precipitation of pullulan, where in the first stage
pullulan was precipitated by acetone and dissolved in
water[24].

Volume ratio of supernatant to ethanol on % re-
covery of pullulan

Different volume ratios of supernatant to ethanol
from 1:0.5 to 1:3.5 on recovery of pullulan were stud-
ied (Figure 2). Better precipitation and % recovery of
pullulan (1.49 %w/v) were observed with volume ratio
of 1: 2 (supernatant: solvent). Tukey�s test confirmed

that difference in % recovery of pullulan with respect to
volume ratio of supernatant to ethanol was statistically
significant (p<0.01). Several reports explained pullulan
precipitation using two volumes of ethanol[18,25]. Maxi-
mum pullulan precipitation was achieved by 2-3 vol-
umes solvent added per volume of fermentation me-
dium[26].

pullulan by A. pullulans using two volumes of ethanol
at 40 C for 6 h[26]. Pullulan precipitation using two vol-
umes of ethanol for 1 h had been reported by various
researchers[23,25]. Forabosco et al. (2006) obtained
pullulan from filtered supernatant with three volumes of
cold ethanol for 24 h[22].

Figure 2 : Effect of volume ratio of solvent on recovery of
pullulan (mean ± SD, n=3)

Effect of precipitation time on pullulan recovery

Figure 3 explains the effect of precipitation time on
pullulan recovery. In this study, pullulan recovery in-
creased with precipitation time till 18th h using ethanol
as a solvent, used in the volume ratio of 1:2
(supernatant:solvent) at 40 C. After 18th h, recover of
pullulan was decreased. Maximum pullulan recovery of
1.42 % w/v was obtained at 18th h. Results obtained
from this study were found to be statistically significant
by tukey�s test (P < 0.01). Chi and Zhao (2003) ob-

tained maximum recovery of polysaccharide for 12 h at
4p C[21]. Youssef et al., 1999 recovered microbial

Figure  3 : Effect of precipitation time on recovery of pullulan
(mean ± SD, n=3)

CONCLUSION

Pullulan was successfully produced from asian
palmyra palm kernel as a low cost solid waste in solid
state fermentation. Single step purification strategy was
developed. Maximum pullulan recovery of 1.27 %w/v
was obtained by ethanol. 1.49%w/v pullulan recovery
was achieved by ethanol with volume ratio of 1: 2 (su-
pernatant: solvent). Then, Maximum pullulan recovery
of 1.42 % w/v was collected at 18th h with ethanol in
the volume ratio of 1: 2.
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