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Pullulan production from deproteinized whey by Aureobasidium
pullulans
T Roukas

Department of Food Science and Technology, Aristotle University of Thessaloniki, Box 250, 54006 Thessaloniki, Greece

The production of pullulan from deproteinized whey by Aureobasidium pullulans P56 was investigated using an
adaptation technique and a mixed culture system. The adaptation of A. pullulans and the mixed cultures of A.
pullulans and/or Lactobacillus brevis X20, Debaryomyces hansenii 194 and Aspergillus niger did not increase the
production of polysaccharide. Enzymic hydrolysis of lactose in deproteinized whey gave a higher polysaccharide
concentration and polysaccharide yield than acidic hydrolysed lactose. Maximum polysaccharide concentration
(11.0£0.5gL™), biomass dry weight (10.5 +0.4g L™), polysaccharide yield (47.2 +1.8%) and sugar utilization
(93.2 + 2.8%) were achieved using enzyme-hydrolysed whey (pH 6.5) containing 25 g L ~1 lactose and supplemented
with K ;HPO, 0.5%, L-glutamic acid 1%, olive oil 2.5%, and Tween 80 0.5%. In this case the pullulan content of the
crude polysaccharide was 40%.
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Introduction duction [13,20]. Pullulan production from deproteinized

Cheese whey is a clean, wholesome, abundant food—grad%h.l?g ebe)t/igl c[;futlLLi"Sair;ﬁgi‘:‘i n;?o?]e\(?vgslq\ée:ggﬁ;% whev as a
material and a potential environmental pollutant. It is the 9 Y

product separated from milk during cheese making and” (LS StE T8 el BRI 8 IO
consists of water, lactose (4-5%), proteins, vitamins, and P P y

mineral salts [14]. Pullulan is an extracellular water-soluble ermentation of lactose [10]. In order to overcome this

; : : . . roblem three different techniques were used: the culture
microbial polysaccharide produced by strainf\afeobasi- P . . . .
dium pullulanslt is a linear mixed linkagex--d-glucan con- adaptation technique, mixed cultures Af pullulans with

o : . Lo : other microorganisms which produgggalactosidase for
sisting mainly of maltotriose units interconnected via ; . ; .
(1— g) Iinkag)]/es. A number of potential applications havethe hydrolysis of lactose, and acidic or enzymic hydrolysis

been reported for this biopolymer as a result of its gooqOf lactose with concentrated HCI @Fgalactosidase.

film-forming properties; pullulan can form thin films which
are transparent, oil resistant and impermeable to oxygerMaterials and methods
Pullulan may be used as a coating and packaging materiaM

.. . . Jicroorganisms and culture conditions
as a sizing agent for paper, as a starch substitute in IOWAureobagsidium ullulan®56, a strain deficient in melanin
calorie food formulations, in cosmetic emulsions, and in P '

other industrial and medicinal applications [3]. production, was kindly supplied by Professor A Mersmann

. . . of the Technical University of Munich, Germany. The
mgg}’jrr?r%?/u%tilf?gr;r:t p;':::ﬁg f(;%m Sufﬂzrr?fﬁgg %eeflenned strainsLactobacillus brevisX20 and Debaryomyces han-

described [6,16,19] However, utilization of sucrose or glu—sieﬂ"ig4 uvl\ﬁIr:ng/(v);lsd?‘r(]jaifr?t);?ngtljjrolrrwlStg?;?ocgggtrﬁ)scg”aeca_r
cose as carbon source is not economical, and a less experé)? AP P 9

. e ates at 4C and subcultured every 3 weeks. Cells for
I[\;_%]C;l{l?gi?édrt?]t: Ssyc;ﬁgti\:)vr?ucl)? Bﬁllﬂ?anrff:‘(r:(l)ar* faectﬁfég' by inoculation of the culture medium were obtained from cul-

coculture ofA. pullulansandCeratocystis ulmiwhile Israi- tures grown on potato dextrose agar plates aC28r 48 h.

lides et al [7] used beet molasses to produce pullulan byFromf the dpetr|5c(i)|8h, ;[WO Ipop?s}loﬁ\l.( pulluIans_ceIIle\;\(/)erel f
A. pullulansNRRLY-6220. LeDuy and Boa [9] and Lea- Lansterred to 500-mf conical flasks containing 100 mi o
thers and Gupta [8] employed peat hydrolysate and fue gi;yrseugsggéugg) (?SBSSS% O(]; éhe ggg?g;??agtogfzms'g%] @
ethanol byproducts, respectively, as fermentation substrat M SO, 7THO 0 5 aﬁd I\Taél 1 yThe o we.re7 incub?a e
for pullulan production. Recently, a considerable interes t Zg’C for 48 h.ir; a rotar sﬁaker incubator (Lab Line
has been shown in using agricultural crops such as Jerus y

. . rbit-Environ Shaker, Lab-Line Instr, Melrose Park, IL,
lem artichoke tubers and carob pods for polysaccharide pr(TJSA) at 200 rpm. These cultures were used to inoculate

the production medium at a level of 5% (v/v).

The culture adaptation technique was carried out in 500-
Correspondence: Dr T Roukas, Department of Food Science and TecmI conical flasks containing 100 mi culture medium (pH
nology, Aristotle University of ’Thessaloniki, Box 250, 54006 Thessa-l?:"'S) which had the CpmpOSII.IOI’] described above, but
loniki, Greece instead of 3% sucrose it contained 5% lactose. The flasks

Received 16 December 1997; accepted 12 March 1999 were inoculated with 5 ml of the inoculum and incubated
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under the conditions described above. A 7-day-old culturéenoculum. The flasks were incubated under the conditions
was used to inoculate the fresh medium at a ratio of 5%lescribed above.

(v/v). This procedure was repeated 10 times. Five milliliters

of the final culture were used to inoculate 100 ml of depro-Analytical techniques

teinized whey for the production of polysaccharilacto- At specific time intervals, the flasks were removed and the
bacillus brevisX20 andDebaryomyces hanseriiB4 were fermentation broth was analyzed. Total biomass (mycelial
propagated in MRS broth (Merk) and MYGP medium (maltand yeast cells) dry weight was determined by centrifug-
extract 0.3%, yeast extract 0.3%, glucose 1%, and peptoretion of the fermentation broth at 10 08@ for 20 min,
0.5%), respectively at 3C for 48 h. Aspergillus niger washing the sediment with distilled water, and drying it at
ATCC 9142 was grown on potato dextrose agar slants at05°C overnight. The first supernatant was combined with
30°C for 5 days. Spores were suspended in 5 ml sterile disthe washing, and the polysaccharide was precipitated with
tiled water and shaken vigorously for 1 min. The above2 volumes of ethanol at°€ for 1 h. The precipitate was
cultures were used to inoculate the medium at a ratio ofiltered through a pre-weighed whatman GF/A filter and

2% (vIv). dried at 108C overnight. Residual sugars as glucose were
determined in the filtrate according to Dubaas al [4].
Treatment of whey Polysaccharide yield was expressed as polysaccharide per

Cheese whey was obtained from a local feta cheese plant00 g of sugar consumed, whereas sugar utilization was
It contained 5% (w/v) lactose and had a pH of 5.5. Proteirfaken as a ratio of sugar consumed over the total amount
precipitation was induced by heating the whey at®@r  ©of added sugar multiplied by 100. .

20 min. Precipitated proteins were removed by centrifug- Each experiment was repeated three times and the results
ation at 5000 g for 15 min. One liter of the supernatant Were reported as averageSD of three repetitions.

(pH 6.5) was hydrolysed with 2.0 ml g§-galactosidase (C In the case of the addition of nutrients, the pure pullulan
Hansen’s Ha-Lactase, Horsholm, Denmark) #tGiéor 5h  content of the crude polysaccharide was determined. When
in a rotary shaker/incubator at 120 rpm. After hydrolysis,the maximum concentration of polysaccharide was
the solution was sterilized at 12@ for 20 min. In the case Observed, 100 ml of the fermentation broth was centrifuged
of acidic hydrolysis, the pH of the supernatant was adjuste@t 10 000x g for 20 min. Polysaccharide was precipitated
to 1.5 with concentrated HCI and the medium was heatedfom the supernatant with two volumes of ethanol. After

at 12FC for 30 min. After cooling the medium, its pH was drying the precipitate, it was resuspended in 0.05 M sodium
adjusted to 6.5 with 10 N NaOH. acetate (pH 5.0) at a concentration of 1 mg'mflfo a 1-

ml sample, 0.1 U mt Pullulanase (Sigma, EC 3.2.1.41)
was added and the mixture was incubated for 21 h &C25
[21]. Enzyme was also added to a pure sample of pullulan
(Sigma, P-4516) of the same concentration as described
above. The glucose equivalents were quantitated using the
reducing sugar assay of Dygettal [5] and the pure pullu-

lan content of the crude polysaccharide was determined.

Study of fermentation parameters

Single- and mixed-cultures: One-hundred milliliters
of deproteinized whey (pH 6.5) were inoculated with 5 ml
of the single culture or the adaptedl pullulansor the
mixed cultures ofA. pullulansand/orL. brevis D. hansenii
and A. niger at a ratio of 5% (v/V)A. pullulansand 2%
(v/v) the other cultures. The fermentation was carried ouRResults and discussion

at 30C in a rotary shaker/incubator at 200 rpm for 10 days. poysaccharide production from deproteinized whey
A series of conical flasks containing 100 ml acidic or 1o oroqyction of polysaccharide from deproteinized whey
enzymic hydrolysed whey (50 or 25 g-Linitial lactose, y, yonoculture, adaptation, and mixed culture techniques
pH 6.5) were inoculated with 5 mh. pullulansand incu-  i&'shown in Table 1. In all culture systems the polysacchar-
bated as described above. ide concentration and the sugar utilization were very low
) _ ~ (up to 2.8gL* and 20%, respectively). This may be
Nutrients: A set of experiments was performed in explained by the fact that the activity @Fgalactosidase
conical flasks at different concentrations of nutrients, toproduced byA. pullulans by the adaptation technique, and
investigate the effect of supplements on pullulan pro-by the mixed culture system was unsatisfactory for the
duction. The flasks containing 100 ml hydrolysed wheyhydrolysis of lactose. Thus, the polysaccharide concen-
(enzymic hydrolysed, 25 gt lactose, pH 6.5) were sup- tration was low due to insufficient accumulation of utiliz-
plied with K;HPO,, 1-glutamic acid, olive oil and Tween aple sugar. LeDugt al [10] who studied the production of
80 at various concentrations. The flasks were inoculate@olysaccharide from lactose by adaptation of different
with 5 ml of the inoculum and incubated at“®Din a rotary  strains ofA. pullulansfound that strains 142 and 140B did
shaker/incubator at 200 rpm for 10 days. not increase the production of polysaccharide, while strain
2552 increased the concentration of polysaccharide from
Initial pH: A series of conical flasks containing 100 ml 0.05 to 10.5 g . The same authors found that coculture
hydrolysed whey (enzymic hydrolysed, 25 g*lUactose) of A. pullulansand Ceratocystis ulmproduced 15.5 g *
were supplemented with 0.5g,KPQO,, 1g l-glutamic polysaccharide in lactose medium. With a mixed culture of
acid, 2.5 ml olive oil, and 0.5 ml Tween 80. The pH of the A. pullulans and Kluyveromyces fragilisShin et al [20]
medium was adjusted to 4.5, 5.5, 6.5 or 7.5 with HCI orobtained a polysaccharide concentration of 17.5fdnd
NaOH and the substrate was inoculated with 5 ml of thel5.5 g L* using inulin and jerusalem artichoke extracts as
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Table 1 Polysaccharide production from deproteinized whey by monocéltadaptatioh and mixed culture Each value is the meat SD of three
repetitions (fermentation time 10 days)

Culture Polysaccharide (gt Biomass dry wt (g £*) Polysaccharide yield (%) Sugar utilization (%)
A. pullulans 2.0£0.2 7.0£0.5 28.5+1.7 14.0+0.7
Adaptation ofA. pullulans 2.8+0.1 7.5+ 0.5 28.0+1.8 20.0+1.2

A. pullulansandL. brevis X20 2.3+0.2 6.5+ 0.4 35.4£ 2.0 13.0+ 0.8

A. pullulansandD. hansenii1l94 2.0£0.1 4.8+0.2 66.7£ 3.0 6.0£0.3

A. pullulansand A. niger 2.0+0.1 5.7£0.3 50.0£ 2.5 8.0£0.4

2A. pullulans

bAdaptation ofA. pullulansafter 10 repeated inoculations.
°A. pullulansandL. brevisX20, A. pullulansand D. hanseniil94 orA. pullulansandA. niger.

carbon sources. These results indicate that the production of response to high initial ammonium levels, to a continued
polysaccharide depends on the strain used and the chemiazdrbon flow into biomass rather than polysaccharide syn-

composition of the substrate. thesis. Auer and Seviour [1] further suggested that both
type and concentration of the nitrogen source may be
Polysaccharide production from hydrolysed whey important in regulating key enzyme systems involved in

To enhance the production of polysaccharide from wheynitrogen assimilation, thereby affecting the pool of intra-
acidic or enzymic hydrolysis of lactose was required. Ascellular metabolites. The latter, acting as allosteric effectors
shown in Table 2, the enzymic treatment resulted in eof carbon flow in the cells, could divert cell metabolism
slightly better polysaccharide concentration compared tdoward growth or polysaccharide synthesis. Roukas and
acidic hydrolysis (6.0/s5.0 g L'Y). On the other hand, the Biliaderis [13] reported a 6 g 1* polysaccharide concen-
acidic treatment gave higher biomass concentration anttation from carob pod extract in shake flask culture,
sugar utilization. This was due to differences in substratevhereas in similar experiments by LeDuy and Boa [9],
availability and salt concentration. Acid hydrolysis might maximum polysaccharide levels of 12-14 ¢ were found
cause degradation of various substances of the whey arfdr strains ofA. pullulansgrown in peat hydrolysates. Lea-
formation of nutrient ingredients. Microbial growth could thers and Gupta [8] reported that a maximum concentration
also be stimulated by the presence of a low salt (NaClpf 4.5 g L'* polysaccharide was obtained wh&areobasid-
concentration [15] formed during the pH adjustment. Theium sp strain NRRL Y-12,974 was grown in fuel ethanol
polysaccharide concentration remained constant as initiddyproducts in batch culture. Several factors could account
lactose concentration increased, while the biomass concefor the variation in yield reported in these studies; these
tration increased as the lactose concentration increasedclude the strain of microorganism, the chemical compo-
(Table 2). On the other hand, the polysaccharide yield andition and any impurities present in the medium, the fer-
the sugar utilization were higher in the culture grown at anmentation system, and the conditions employed during fer-
initial lactose concentration of 25 gtthan those grown mentation. Generally, the results of these studies showed
at 50 g L* of lactose. These observations may imply thethat maximal polysaccharide concentration (6 ¢)Lwas
presence of inhibitory factors in the whey (possibly residualobtained from enzyme-hydrolysed whey containing 25 g
proteins, proteose or peptides, which are not precipitated ™ initial lactose.

during heating of the whey) that exert a detrimental effect

on biosynthesis of extracellular glucan when present at higlEffect of added nutrients

concentration. Roukas and Biliaderis [13], Seviour and Kri-As shown in Table 3, all the fermentation parameters
stiansen [17], Bulmer et al [2], and Auer and Seviour [1]increased with the addition of nutrients. The polysaccharide
found that the addition of different nitrogen sources in theconcentration increased significantly from 6.0 to 11.0§ L
medium (at a concentration higher than 0.6 ¢ led to a  when the medium was supplemented witfHRO,, 1-glu-
reduction in polysaccharide concentration and an increaseamic acid, olive oil and Tween 80. The increase of poly-
in biomass. There are several possible explanations for theaccharide concentration may be explained by the fact that
action of the ammonium ion. According to Seviour and Kri- the addition of glutamic acid, olive oil and Tween 80 sup-
stiansen [17], the cells may become irreversibly committedpressed the morphogenetic shift from yeast-like cells to

Table 2 Kinetic parameters describing fermentation of acid- or enzyme-hydrolysed deproteinized wheptjulans Each value is the mean SD
of three repetitions (fermentation time 10 days)

Substrate Polysaccharide (gY).  Biomass dry wt (g £*) Polysaccharide yield (%)  Sugar utilization (%)
Acid-hydrolysed whey (5% lactose) 50.3 152+ 1.0 11.5+ 0.5 87.0£4.2
Enzyme-hydrolysed whey (5% 6100.2 9.7+ 0.5 20.0£1.5 60.0£ 2.8
lactose)

Enzyme-hydrolysed whey (2.5% 6.1 6.5+ 0.2 31.5£1.7 76.0£ 2.7

lactose)
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Table 3 Effect of nutrients on kinetic parameters during fermentation of enzyme-hydrolysed deproteinized wheyuljulans Each value is the
mean = SD of three repetitions (fermentation time 10 days)

Nutrient supply Polysaccharide (g} Biomass dry wt (g *) Polysaccharide yield (%) Sugar utilization (%)
None 6.0+ 0.1 6.5+ 0.2 31.5+1.7 76.0£2.7
K,HPO, (0.5% wiv) 7504 8.5+ 0.5 36.5+ 1.5 82.0£ 3.5
I-Glutamic acid (1% wi/v) 6.50.2 7.0£0.3 32.2¢1.0 86.0+ 4.0
Olive oil (2.5% v/v)

+ Tween 80 (0.5% v/v) 8.%0.5 9.5+ 0.5 38.3x1.7 88.8+3.8

K,HPO, (0.5% wiv)
+ I-glutamic acid (1% w/v)
+ Olive ail (2.5% v/v)
+ Tween 80 (0.5% v/v) 11.60.5 10.5+ 0.4 472+ 1.8 93.2+2.8

filamentous growth [19]. On the other hand, Simenal
[18] reported that A. pullulans is a polymorphic 15 1100
microfungus that produces polysaccharide with a life-cycle~
involving hyphae, blastospores, chlamydospores and inters
mediate forms. The chlamydospores are responsible forZ
synthesis of extracellular polysaccharide. The swollen cells
may in fact be responsible for synthesis of other polysac-
charides with a possible further transformation to polysac-" 60
charide when the cell develops into a chlamydospore. The_ ]

hyphae do not play a role in biosynthesis of extracellular 5

1
polysaccharide [18]. Our results showed that the external,,
addition of supplements improved the production of & 6 140
crude polysaccharide.

The pure pullulan concentration was determined in
medium supplemented with,KIPQ,, 1-glutamic acid, olive
oil and Tween 80. The results showed that the pullulan
proportion of the crude polysaccharide was 40%. TAus
pullulans grown on deproteinized hydrolysed whey pro-
duced other polysaccharides. In unpublished work from the 0 ' ' 0
author’s laboratoryA. pullulansP56 produced only pullu- ’
lan from synthetic medium. In a previous study [13] on the pH
production of pullulan from carob pod extract By pullul- Figure 1 Kinetic parameters during fermentation of enzyme depro-
ansSU-M18, pure pullulan made up 70% of the total poly- teinized hydrolysed whey b#. pullulansat different pH valuesO, Poly-
saccharide. West and Reed-Hamer [21] reported that theéaccharide concentratio®, polysaccharide yield;] biomass dry weight;
pullulan content of the crude polysaccharide was 54 and, sugar utilization. Each point is the mea$D of three repetitions
100% whenA. pullulans ATCC 42023 was grown on (fermentation time 10 days).
sucrose or corn syrup as a carbon source, respectively.
Thus, the pullulan content of the crude polysaccharidgolysaccharide at pH 6.5 wheh pullulanswas grown in
depends on the strain of microorganism and the chemicalarob pod extract in shake flask culture. Auer and Seviour

12 {180

ht

y weig

20

Polysacc. yield, Sugar utilization (%)

Polysacc., Bioma
w

composition of the substrate. [1] observed maximum polysaccharide at an initial pH of
7.5. Paporet al[12] reported that a pH of 7.0 is optimal for
Effect of initial pH polysaccharide production in batch culture, whereas €&no

The pH of the substrate is important in polysaccharide elabal [11], using synthetic medium, found optimum polysacch-
oration byA. pullulansand affects the morphology of the aride production at a pH of 6.0. Overall, the observed vari-
organism which influences polysaccharide production. Thation in optimum pH is due to the strain of microorganism
effect of the initial pH (4.5—7.5) on the kinetic aspects dur-as well as the substrate composition (eg amount and type
ing fermentation of hydrolysed whey b&. pullulansis  of nitrogen source) and the various fermentation systems
shown in Figure 1. The polysaccharide concentration andised in these studies. The results shown in Figure 1 indicate
yield increased with increasing initial pH up to 6.5 and thenthe importance of initial pH of the medium on growth and
decreased. Sugar utilization did not significantly changepolysaccharide production.

with respect to pH. Maximum polysaccharide concentration In conclusion, our results showed some important aspects
(11.0+£ 0.5 g L'Y), polysaccharide yield (4721.8%), and  of pullulan production from deproteinized whey By pul-
sugar utilization (93.2 2.8%) were obtained at pH 6.5. In lulansin shake flask culture. An adaptation technique and
contrast, maximum biomass (13®.6 g L'?) was obtained mixed culture system did not improve the production of
in culture grown at an initial pH of 5.5. In agreement with polysaccharide. Enzyme hydrolysed whey gave higher
these findings, Roukas and Biliaderis [13] found maximumpolysaccharide concentration and yield than acidic hydro-
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lysed whey. Maximum polysaccharide was obtained at pH glﬂ"tular? fr?T L;vl(?stoig bs>'4adaptati0n and by mixed culture techniques.
HY H H H H'A lotechnol Le . —o4.
%gr'eﬁsiﬂtl?hne c;)fror:jl:}(r:lt?(?rﬁso#opéﬁ];sarggr?;ﬁ;e S;?Jﬂgllgigtly 11 Ono K, N Yasuda and S Ueda. 1977. Effect of pH on pullulan elabor-

- - ation by Aureobasidium pullulanss.I. Agric Biol Chem 44: 2112—
grown on deproteinized whey produced a mixture of pullu- 211s.

lan and other polysaccharides. 12 Papon P, L Simon and C Caye-Vaugien. 1989reobasidium pullu-
lans bilan morphologique, metabolique et energetique. J Cryp Mycol
10: 227-242.

References 13 Roukas T and CG Biliaderis. 1995. Evaluation of carob pod as a sub-

strate for pullulan production byAureobasidium pullulans Appl
1 Auer DP and RJ Seviour. 1990. Influence of varying nitrogen sources  Biochem Biotechnol 55: 27-44.
on polysaccharide production bfureobasidium pullulansn batch 14 Roukas T and P Kotzekidou. 1996. Continuous production of lactic
culture. Appl Microbiol Biotechnol 32: 637-644. acid from deproteinized whey by coimmobilizédctobacillus casei
2 Bulmer MA, BJ Catley and PJ Kelly. 1987. The effect of ammonium andLactococcus lactigells in a packed-bed reactor. Food Biotechnol
ions and pH on the elaboration of the fungal extracellular polysacchar-  10: 231-242.
ide, pullulan, byAureobasidium pullulansAppl Microbiol Biotechnol 15 Roukas T and HN Lazarides. 1991. Ethanol production from depro-

25: 362—-365. teinized whey byB-galactosidase coimmobilized cells 8accharo-

3 Deshpande MS, VB Rale and JM Lynch. 1982reobasidium pullul- myces cerevisiae) Ind Microbiol 7: 15-18.
ansin applied microbiology: a status report. Enzyme Microb Technol 16 Schuster R, E Wenzig and A Mersmann. 1993. Production of the fun-
14: 514-527. gal exopolysaccharide Pullulan by batch-wise and continuous fermen-

4 Dubois M, KA Gilles, JK Hamilton, PA Rebers and F Smith. 1956. tation. Appl Microbiol Biotechnol 39: 155-158.
Colorimetric method for determination of sugars and related sub-17 Seviour RJ and B Kristiansen. 1983. Effect of ammonium ion concen-
stances. Anal Chem 28: 350-356. tration on polysaccharide production Byureobasidium pullulansn

5 Dygert S, LH Li, D Florida and JA Thoma. 1965. Determination of batch culture. Eur J Appl Microbiol Biotechnol 17: 178-181.
reducing sugar with improved precision. Anal Biochem 13: 367-374.18 Simon L, C Caye-Vaugien and M Bouchonneau. 1993. Relation

6 Gibbs PA and RT Seviour. 1996. Does the agitation rate and /or oxy- between pullulan production, morphological state and growth con-

gen saturation influence exopolysaccharide productioAungobasid- ditions in Aureobasidium pullulans new observations. J Gen
ium pullulansin batch culture? Appl Microbiol Biotechnol 46: 503— Microbiol 139: 979-985.
510. 19 Shabtai Y and | Mukmehev. 1995. Enhanced production of pigment-

7 lIsrailides C, B Scanlon, A Smith, SE Harding and K Jumel. 1994. free pullulan by a morphogenetically arrestaareobasidium pullulans
Characterization of pullulans produced from industrial wastes. Car- (ATCC 42023) in a two-stage fermentation with shift from soy bean

bohydr Pol 25: 203-209. oil to sucrose. Appl Microbiol Biotechnol 43: 595-603.

8 Leathers TD and SC Gupta. 1994. Production of pullulan from fuel20 Shin YC, YH Kim, HS Lee, SJ Cho and SM Byun. 1989. Production
ethanol byproducts byAureobasidiumsp strain NRRL Y-12, 974. of exopolysaccharide pullulan from inulin by a mixed cultureAafr-
Biotechnol Lett 16: 1163-1166. eobasidium pullulansind Kluyveromyces fragilisBiotechnol Bioeng

9 LeDuy A and JM Boa. 1983. Pullulan production from peat hydrolyz- 33: 129-133.
ate. Can J Microbiol 29: 143-146. 21 West TP and B Reed-Hamer. 1993. Effect of temperature on pullulan

10 LeDuy A, J Yarmoff and A Chagraoui. 1983. Enhanced production of  production in relation to carbon source. Microbios 75: 261-268.



