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Abstract: The dry biomass  and  protein  content  in culture  filtrate  of Penicillium chrysogenum, increase 
with increasing the time of incubation. On the contrary, carbohydrate content of the culture filtrate was 
decreased with increasing the incubation time. The amount of exodisaccharide (EDS) after 5 and 10 days 
of cultivation periods was 0.6 and 2.5 g/l, respectively. The yield (g of biomass/g of reducing sugars) was 
obtained after 5 days (0.7 g/g) and 10 days (1.44 g/g), also the maximum EDS/biomass (g/g) ratio after 10 
days was 0.17 g/g which is 2.13 times higher than in case after 5 days (0.08 g/g). The 1HNMR spectrum is 
well representation of protons from gycosidic groups of carbohydrates. The signal at 5.261 and 1.244 ppm 
were assigned to the anomeric and methyl protons at position-6, respectively, of ∝-L-rhamnopyranosyl
residues; also the signals at 3.895, 3.759 and 3.508 ppm were assigned to H2, H5 and H4, respectively, of 
a-L-rhamnopyranosyl residues. FT-IR spectrum is consistent with those of typical carbohydrates. The m/z
is at 289 with base peak 161 with relative abundance 100%. The EDS is thermally stable at all
temperatures tested the temperature was increased by 100°C.
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INTRODUCTION

Disaccharides are formed when two simple sugar 
molecules bind together. Sometimes two similar kinds 
of simple sugars combine. Often, two different kinds of 
sugar molecules combine to form a disaccharide.
Disaccharides are produced commercially by the
incomplete hydrolysis of larger polysaccharides. An 
alternate process combines two monosaccharide sugars 
by means of a condensation reaction to form
disaccharide sugars. Usually, disaccharide sugars must 
be hydrolyzed and split into their simple sugar
components before they can be fermented. 

Microorganisms, including wine yeasts, produce
enzymes that can hydrolyze sucrose and when sucrose 
hydrolyzes, each sucrose molecule splits into one
glucose and one fructose molecule. This process
produces a 50-50 mixture of glucose and fructose
monosaccharides called "invert sugar." Sucrose is a non 
reducing sugar and it cannot be accurately measured 
with Clinitest tablets. 

Production of the artificial sweetener, lactosucrose, 
by various microorganisms containing levansucrase
activity was investigated. Of the tested bacteria,
Bacillus subtilis was the most effective producer using 
lactose as an acceptor and sucrose as a fructosyl donor. 
Lactosucrose  production  by  this  strain was optimal at 

pH 6.0 and 55°C [1]. It has been reported that
disaccharides of heparin or heparin sulfate suppress 
tumor necrosis factor production in macrophages and 
IL-8  and  IL-1  secretion  by  intestinal epithelial cells 
[2, 3]. These events suggest that GAG oligosaccharides 
have effects on cytokine expression. Moreover, it has 
been shown that high molecular weight hyaluronan 
(HA) inhibits NF-κ  B activation [4], whereas low
molecular weight HA induces NF-κ B activation [5]. 
This suggests that the cell biological activities of GAGs 
are dictated in part by their molecular size.

The microbial exopolysaccharides (EPS) are a
class of high value biopolymers with a wide variety of 
industrial applications [6, 7]. In particular, many kinds 
of EPS have been produced from submerged cultures of 
mushrooms or enthomopathogenic fungi [1, 8-13].
Recently, many types of EPS produced by submerged 
cultures of mushrooms have been studied and are
currently used for pharmaceutical purposes due to their 
diverse biological activities [12, 14-18]. Thus, the
influence of culture conditions for improving the
production of medicinal EPS from some mushrooms or 
enthomopathogenic  fungi  has  recently been reported 
[8, 11, 19-21]. Although many studies have examined 
the effect of culture conditions on the production of 
microbial  polysaccharides  [22-24], little is known 
about  the  influence on the product quality, particularly 
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molecular properties [25]. Industrial applications of
polysaccharides have relied mainly upon raw materials 
from plants and marine algae until recently [26]. 

The worldwide food industry uses 70,000 tonnes of 
polysaccharides per year as thickening agents,
stabilizers and texturisers. As the emerging food
products become more complex and diverse, the
requirement for new and versatile additives is stronger. 
Nowadays, different polysaccharides are used to
modify food viscosity and texture. Additionally,
polysaccharide gums constitute non-fat alternatives that 
may serve as a source of soluble dietary fibre with 
health beneficial effects at quite low levels. They are 
currently obtained from plants (starch, cellulose, pectin, 
guar gum), seaweed and crustaceans (alginate,
carrageenans, chitosan) or microbial sources (xanthan 
gum) but the exploration for novel candidates still
continues [27, 28].

The morphology of filamentous microorganisms in 
submerged culture has been shown to play a critical 
role in industrial fermentation and in commercial
production of some metabolites [22, 29]. During
submerged growth, many filamentous fungi can grow in 
either free mycelia or in pellets and their growth form is 
determined by a number of factors, one of which is 
shear effect [30]. Filamentous microorganisms are more 
sensitive to shear force in stirred-tank reactors than in 
other culture systems. A low rate of agitation is
required to reduce the detrimental shear effect.
However, most industrial fungal cultures are highly 
viscous and demand high concentrations of oxygen for 
acceptable product concentrations. Essentially, to
satisfy adequate mixing and aeration, vigorous agitation 
is required [31]. 

The aim of this study, is to isolate and characterize 
the exodisaacharide (EDS) produced by Penicillium
chrysogenum, as a better understanding of the chemical 
nature of this substance, chemical analyses such as 
1HNMR, FT-IR, MS, TGA and elemental analysis were 
performed to elucidate the structure of the produced ES. 
Also some growth parameters were tested.

MATERIALS AND METHODS

Isolation of the fungus and cultural conditions:
During the course of investigation of soil micro-fungi in 
salt  marsh  locality  of  Red Sea coast located at about 
60 km south Hurghada (c. 460 km south of Suez) in 
mangrove (Avicennia marina) area. One of the isolated 
Penicillium species showed some pale yellow secretion 
around and at the edge of colonies and appeared as
prism-like crystals under the microscope. The fungus 
was cultivated in Dox’s liquid medium to separate and 
isolate these crystals in pure form. 

The fungus was identified according to Pitt [32] 
and Moubasher [33]. This identification was confirmed 
at Assiut University Mycological Center (AUMC) and 
graphed by transmission electron microscope at the
Assuit University Electron Microscope Unit. The
fungus maintained on a medium described by Johnson 
and Curl [34] supplemented with yeast extract.

Shake-flask cultures: Shake-flask culturing was
performed in a 250 ml Erlenmeyer flask, which
contained 100 ml of the broth medium and inoculated 
with 10 mm fungal disc from the margin. Flasks were 
incubated at 28°C for 10 days using an orbital incubator 
SI 50 (Stuart Scientific, UK) at 150 rpm.

Determination of mycelial dry biomass, protein and
carbohydrate contents: Dry weight of mycelium was 
measured after repeated washing of the mycelial pellet 
with distilled water and drying overnight at 70°C to a 
constant weight. Proteins were estimated by the Folin–
Ciocalteau phenol reagent method [35] using bovine 
serum albumin (Sigma) as a standard. The carbohydrate 
contents were tested quantitatively by the phenol-
sulfuric acid method [36] with glucose as a standard. 
The absorbance was measured at a wavelength of 490 
nm using a Spectronic 20 spectrophotometer.

Isolation and recovery of exodisaccharide (EDS):
The EDS was isolated from the shake-flask cultures. 
The filtrate was added to four volumes of 95% propanol 
to precipitate the crude EDS. To facilitate the
precipitation, the filtrates were maintained at 4°C for a 
further 12 h. The precipitated EDS was collected by 
centrifugation at 4000 rpm (Beckman Coulter Inc.,
Fullerton, CA, USA) for 15 min at 4°C; the supernatant 
was discarded. The precipitate was then re-suspended in 
an equal volume of 75% ethanol and centrifuged again 
as above. The precipitated disaccharide was dried at 
60°C to remove residual ethanol. Finally, the residue 
was dissolved in an equal volume of distilled water, 
lyophilized and the weight of EDS was estimated.

Nuclear magnetic resonance spectroscopy (1H
NMR): The 1H NMR chemical shifts were assigned 
using Joel ECA500 with Delta-2NMR spectrometer.
Two mg of EDS was dissolved in 0.7 ml Dimethyl
sulfoxide-Trifluoroacetic acid (DMSO-TFA) and
spectra were recorded at 25°C in 5 mm tube.

Forior-Transformed Infra Red Spectroscopy (FT-
IR): FT-IR spectroscopy was performed at Micro-
Analytical Centre, Faculty of Science, Cairo University, 
using a Bruker Vector 22 Model FT-IR Spectrometer 
on  2  mg of freeze-dried EDS in 300 mg of KBr. Scans 
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were conducted with a resolution of 2 cm−1 in the range 
4000-400 cm−1.

Mass Spectroscopy (MS): Mass spectroscopy for the 
purified EDS was carried out using Jeol JMS-AX500
Mass Spectrometer at Central Laboratories, National
Research Centre, the conditions of analysis were
temperature 50-150°C at the rate 8°C for 20 min.

Thermogravimetric Analysis (TGA): Thermogravi-
metric analysis of EDS isolated from culture filtrate of 
P. chrysogenum was carried out sing a TGA -50
(Shmadzu, Japan) thermal analyzer under N2
atmosphere. A heating rate of 10°C/min from 22 to 
600°C was employed to investigate the thermal
behaviour of the EDS.

Elemental analysis of EDS: The percentage of
individual elements in the EDS produced by P.
chrysogenum was measured at Micro-Analytical
Center, Faculty of Science, Cairo University. 

RESULTS

Identification of microorganism: Colonies on
Czapek’s+yeast extract agar attaining 3.5 cm after 10 
days at 25°C±2, commonly velvety, margin white,
conidial area in green colour; exudates abundantly
produced as numerous yellow droplets (Plate 1).
Conidiophores smooth-walled; penicilli asymmetrical
terverticillate, with the main axis and branches bearing 
2-5 metulae (Plates 2-4). The transmission electron
micrographs showed that the conidia of P. chrysogenum 

Plate 1: Photograph showing the growth of Penicilium chrysogenum on Czapk’s + yeast extract

Plate 2: SEM micrograph showing conidiophores and chains of conidia of Penecillium chrysogenum (x= 2000)
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Plate 3: SEM micrograph showing conidiophores and chains of conidia of Penecillium chrysogenum (x= 3500)

Plate 4: SEM micrograph showing chains of conidia of Penecillium chrysogenum (x= 3500)

are subglobose to ellipsoidal, 2.5-3.6 x 2.9-3.8 µm
(Plates 2-4), smooth-walled, produced in long irregular 
columns.

Measurement of dry weight, protein content and
carbohydrate content in culture filtrate: The dry
biomass  of  the  fungal  mycelium was showed in 
Table 1. The biomass increases with increasing the time 
of incubation, where after 5 days incubation period the 
biomass was 8.0 g/l while after 10 days was 15 g/l. It is 
logic that the protein content in culture filtrate was 
increased with increasing the incubation time, this is 
due to production of hydrolyzing enzymes to absorb 
nutrients.  After 5 days the protein content was 24.3 
mg/ml  culture  filtrate,  while after 10 days was 44.9 
mg/ml.  On  the  contrary,  carbohydrate  content  of the 

Table 1: Some parameters measured in the culture medium after 
growth of Penicillum chrysogenum

Incubation period (days)
---------------------------------

Parameter 5 10
Dry biomass (g l−1) 8.00±0.05 15.00±0.45
Protein content (mg ml−1) 24.30±0.04 44.90±0.10
Reducing sugar (mg ml−1) 11.40±0.01 10.40±0.06
EDS concentration (g l−1) 0.60 2.50
Yield (g biomass/g reducing sugars) 0.70 1.44
Maximum EDS/biomass (g g−1) 0.08 0.17

culture filtrate was decreased with increasing the
incubation time, due to absorption of them. The
carbohydrate content after 5 days was 11.4 mg
glucose/ml,   while   after  10   days   was   significantly
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Fig. 1: 1H NMR spectra of the EDS produced by Penicillum chrysogenum

decreased to 10.4 mg glucose/ml. The amount of EDS 
produced by P. chrysogenum after 5 and 10 days of 
cultivation periods (0.6 and 2.5 g/l, respectively). By 
calculating the yield (g of biomass/g of reducing
sugars) was obtained after 5 days (0.7 g/g) and 10 days 
(1.44 g/g), also by calculating the maximum
EDS/biomass (g/g) ratio, it is clear that after 10 days 
incubation period provides the best results, 0.17 g/g 
which is 2.13 times higher than in case after 5 days 
(0.08 g/g).

1H NMR spectra: The 1HNMR spectra of the EDS 
extracted from P. chrysogenum is shown in Fig. 1. The 
spectrum is well representation of protons from

gycosidic groups of carbohydrates. 1H chemical shifts 
in  the  anomeric  region  are  observed  at  4-6  ppm.  A 
doublet in the region 4.9-5.6 ppm corresponding to ∝-
configuration. A doublet at 4.1 and 4.5 ppm
corresponding to ß-configuration was not observed. The 
chemical shifts from 3.502 to 3.895 ppm were assigned 
to protons of carbons C2 to C6 of the glycosidic ring. 
The signal at 5.261 and 1.244 ppm were assigned to the 
anomeric and methyl protons at position-6,
respectively, of ∝-L-rhamnopyranosyl residues; also 
the signals at 3.895, 3.759 and 3.508 ppm were
assigned to H2, H5 and H4, respectively, of ∝-L-
rhamnopyranosyl residues. The methyl and methylene 
protons   are   also   observed   at 0.857 and 1.244  ppm,
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Fig. 2: FT-IR spectra of the EDS produced by P. chrysogenum

Fig. 3: Mass spectrum of the EDS produced by P. chrysogenum

respectively. The chemical shift at 2.78 ppm assigned to 
protein groups and the groups N-CH3 and N-H which 
generally observed at 0.5 and 3.0 ppm, respectively, 
were not observed in this figure which indicates no 
protein residues in the EDS sample.

Forior-Transformed Infra Red Spectroscopy
(FTIR): The FT-IR spectrum obtained for the EDS
produced by Penicilium chrysogenum is represented in 
Fig. 2. Spectrum is consistent with those of typical 
carbohydrates: 3406.16 cm−1 (ν O-H) broad strong band 
due to hydroxyl groups and residual moisture, 2930.8 
cm−1 (ν C-H) small band from the vibration of methyne 
methylene groups, 880.70 cm−1 small band indicating 

the presence of gylcosidic linkages and finally, 1648.45 
cm−1 band is characteristic to anion carbohydrates. In 
FT-IR spectra, the C=O band of the aldehydic group 
was not observed. 

Mass spectroscopy: The MS fragmentation pattern for 
the is olated EDS is shown in Fig. 3. The m/z is at 289 
with base peak 161 (relative abundance 100%), 133
(relative abundance 55%), 53 (relative abundance
50%).

Thermogravimetric analysis (TGA): Thermogravi-
metric analysis is a simple and accurate method for 
studying   the  decomposition  pattern  and  the  thermal 
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Fig. 4: Thermogravimetric analysis (TGA) of the EDS produced by P. chrysogenum

stability of polymers. Thermal gravimetric analysis of 
this disaccharide was also carried out. As it can be 
observed in Fig. 4, the EDS is thermally stable at all 
temperatures tested the temperature was increased by 
100°C. After the 1st 100°C, the weight loss was 1.227 
mg (1.714%), the weight loss was 2.382 mg (3.328%) 
after the 2nd 100°C, after the 3rd 100°C the weight loss 
was 1.419 mg (1.982%), after the 4th 100°C the weight 
loss was 1.808 mg (2.526%) and finally after the 5th

100°C the weight loss was 1.006 mg (1.406%). From
the above we notice that the increase in temperature 
between 100°C-200°C a high weight loss compared to 
the other temperatures. Russo et al. [37] showed that 
alginates release water at different temperatures,
depending on the different interactions of water with 
the polysaccharide. 

DISCUSSION

According to Pitt [32] and Moubasher [33], the 
fungus was identified as Penicillium chrysogenum
Thom. However, P. chrysogenum cannot be identified 
based on colour alone. Observations of morphology and 
microscopic features are needed to confirm its identity. 
P. chrysogenum has been used industrially to produce
penicillin and xanthocillin X, to treat pulp mill waste, to 
produce the enzymes polyamine oxidase, phosphor-
gluconate dehydrogenase and glucose oxidase [38]. 

The amount of EDS produced by P. chrysogenum
was increased with increasing the incubation time.
There are many contradictory results related to the

effect of agitation and aeration on the yield of culture 
products and some confusion is often reported in
literature as many culture variables can affect the
fermentations. Whereas Wecker and Onken [39]
suggested that highest pullulan yields were achieved at 
a combined low oxygen tension and low shear rate, 
where cell morphology was closely related to pullulan 
productivity. On the contrary, Gibbs and Seviour [22]
demonstrated that pullulan production declined with 
increasing agitation rate.

Lee et al. [40] found that the culture pH, aeration 
rate and hydrodynamic behavior led to significant
differences in the mycelial morphology of G. frondosa 
and subsequently affected EPS yields. Xu and Yun [41] 
found that aeration significantly affected the molecular 
characteristics of the EPS during submerged culture of 
an enthomopathogenic fungus P. tenuipes C240 in a 
stirred-tank fermenter. The results of Lin and Sung [42] 
indicated that nutrients can be utilized to improve the 
production of exopolysaccharide and that good mycelial 
growth does not seem to be a determining factor for a 
high production yield of exopolysaccharide in A.
cinnamomea.

Wu et al. [31] showed that the EPS production was 
strongly associated with mycelial growth. Choa et al.
[43] reviled that the maximum cell mass and EPS
production were obtained at a relatively high agitation 
speed  of  200  rpm  and  at  an aeration rate of 2 vvm. 
Xu et al. [44] showed that molecular feature and
chemical composition of the EPS are strongly
dependent   on   the  agitation  intensity  of  bioreactors.
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Moreover, agitation rates and associated shear force 
could attribute to variance in culture broth rheology and 
mycelial morphology, thereby affecting the
productivities of mycelial biomass and EPS. It is likely 
that the effect of stirring speed on product quality of 
EPS is resulted from the bioreactor hydrodynamics
(e.g., micromixing phenomenon) and the availability of 
oxygen. In conclusion, a combination of medium
composition and environmental conditions should be 
carefully considered to control quality of EPS during 
the submerged mycelial culture processes of
enthomopathogenic fungi.

The advantage of using NMR spectroscopy for 
structure elucidation of polysaccharides is that it does 
not involve uncertainaties resulting from chemical
degradation and produces data for the intact polymer. 
The enhanced resolution capacity of high field NMR is 
definitely an advantage when analyzing large and rigid 
polysaccharides where broad signals and overlapping 
can be a problem. Our results were in agreement with 
Kawagishi et al. [45] who discussed that a doublet at 
4.1 and 4.5 ppm is corresponding to the ß-configuration
and in the region 4.9-5.6 ppm corresponding to ∝-
configuration. Also, Chauveau et al. [46] deduced that 
the chemical shifts from 3.3 to 4.0 ppm were assigned 
to protons of carbons C2 to C6 of glycosidic ring.
Silvestein et al. [47] concluded that the groups N-CH3
and N-H are generally observed at 0.5-3.0 ppm,
respectively.

Laurienzo et al. [48] found that the two proton 
peaks resonating at 3.36 (terminal O–CH3) and 2.66 
ppm (CH2 at positions 2 and 3) in the PEG are observed 
upfield-shifted at 2.81 and 2.34 ppm, respectively, in 
AA-g-PEG. Furthermore, the methyl and methylene
protons of the octyl chain are also upfield-shifted at 
0.80 and 1.22 ppm, respectively. The anomeric proton 
region is also affected by the addition of PEG to
alginate. In the AA–NHR, the anomeric protons are all 
clustered in the region 5.3-4.9 ppm, but upon addition 
of PEG they group in two well-separated regions at 
5.47 and 4.97 ppm. They attributed such a spectral
change to the formation of a hydrogen bond between 
the anomeric proton of the open alginate rings and the 
amidic carbonyl of the attached PEG, forming a stable 
six-membered ring. 

Synytsya et al. [49] found that the FT-Raman and 
FT-IR spectra of polygalacturonic (pectic) acid,
potassium pectate and their derivatives, as well as 
commercial citrus and sugar beet pectins were
measured and interpreted. Methyl and acetyl esters of 
potassium pectate derivatives have several
characteristic Raman and IR bands that allow both this 
groups to be distinguished. The very intense Raman 
band at 857 cm−1 is sensitive to the state of uronic 
carboxyls  and  to  O-acetylation.  The  wavenumber  of 

this band decreases with methylation (min. 850 cm−1)
and increases with acetylation (max. 862 cm−1). The 
acetylation of potassium pectate, as well as its
acetylation together with methylation, causes drastic 
changes  in  the  Raman  spectra  in  the region below 
700 cm−1. Sugar beet pectin, but not citrus pectin,
showed Raman bands at 1633 and 1602 cm−1 and IR 
band at 1518 cm−1. All these bands rise from feruloyl 
groups and can be used for identification of pectins
containing feruloyl groups. 

Cerná et al. [50] showed that the FT-IR
spectroscopy in the 1200-800 cm−1 wavenumber region 
can be a very reliable technique for food authentication 
of polysaccharide-based additives and be used for a 
quick screening of polysaccharides used as additives in 
foodstuffs.

Mass Spectrometry (MS) is a valuable tool for
analysis of oligosaccharides. A number of different 
techniques have been advocated as they often
contribute different information and provide
overlapping coverage for structural determination [51].

Laurienzo et al. [48] stated that three different 
kinds of interactions of water can be identified in the 
case of plain alginate: the first one, is free water that is 
released in the 40-60°C region; the second one, in the 
region 80-120°C, is water linked through hydrogen
bonds and finally, water more tightly linked through 
polar interactions with carboxylate groups is released 
up to 160°C. The polymer starts to degrade around 
200°C.

Zohuriaan and Shokrolahi [52] found that the early 
minor weight loss in samples is attributed to desorption 
of moisture as hydrogen bound water to the saccharide 
structure. The main decomposition of the
polysaccharides starts above 200°C. However, the
temperature at which methylcellulose starts to
decompose is exceptionally high (325°C). For instance, 
while methylcellulose shows the highest initial
decomposition temperature, it exhibits a fast
degradation to yield very low char residue at 600°C 
(8%). In contrast, chitosan, CMC and gum tragacanth
start to decompose slowly at 250–280°C and produce 
high char (20-35%) at the final temperature.

From the above chemical analyses like NMR, MS, 
FT-IR and TGA, the produced exo -disaccharide was 
composed from two molecules of L-rhamnose, which 
linked to each other by ∝-1,3 linkage. L-Rhap-∝-1,3-L-
Rhap

REFERENCES

1. Park, N.H., H.J. Choi and D.K. Oh, 2005.
Lactosucrose production by various
microorganisms harboring levansucrase activity.
Biotechnol. Lett., 27: 495-497.



World Appl. Sci. J., 3 (3): 476-486, 2008

484

2. Chowers, Y., O. Lider, H. Schor, I. Barshack, R. 
Tal, A. Ariel, S. Bar-Meir, I.R. Cohen and L.
Cahalon, 2001. Disaccharides Derived From
Heparin or Heparan Sulfate Regulate IL-8 and IL-
1ß Secretion by Intestinal Epithelial Cells .
Gastroenterol., 120: 449-459.

3. Cahalon, L., O. Lider, H. Schor, A. Avron, D.
Gilat, R. Hershkoviz, R. Margalit, A. Eshel, O.
Shoseyev and I.R. Cohen, 1997. Heparin
disaccharides inhibit tumor necrosis factor-alpha
production by macrophages and arrest immune
inflammation in rodents. Intl. Immunol., 9: 1517-
1522.

4. Neumann, A., R. Schinzel, D. Palm, P. Riederer
and G. Munch, 1999. High molecular weight
hyaluronic acid inhibits advanced glycation
endproduct-induced NF-κB activation and cytokine 
expression.
FEBS Lett., 453: 283–287.

5. McKee, C.M., C.J. Lowenstein, M.R. Horton, J.
Wu, C. Bao, B.Y. Chin, A.M. Choi and P.W.
Noble, 1997. Hyaluronan fragments induce nitric-
oxide synthase in murine macrophages through a 
nuclear factor κB-dependent mechanism. J. Biol. 
Chem., 272: 8013-8018.

6. Looijestenijn, P.J., I.C. Boels, M. Kleerebezem and 
J. Hugenholtz, 1999. Regulation of
exopolysaccharide production by Lactococcus
lactis subsp. cremoris by the sugar source. Appl.
Environ. Microbiol., 65: 5003–5008.

7. Levander, F. and P. Radstrom, 2001. Requirement 
for phosphoglucomutase in exopolysaccharide
biosynthesis in glucose-and lactose-utilizing
Streptococcus thermophilus. Appl. Environ.
Microbiol., 67: 2734-2738.

8. Bae, J.T., J. Sinha, J.P. Park, C.H. Song and J.W. 
Yun, 2000. Optimization of submerged culture
conditions for exo -biopolymer production by
Paecilomyces japonica. J. Microbiol. Biotechnol.,
10: 482-487.

9. Bae, J.T., J.P. Park, C.H. Song, C.B. Yu, M.K.
Park and J.W. Yun, 2001. Effect of carbon source 
on the mycelial growth and exobiopolymer
production by submerged culture of Paecilomyces
japonica. J. Biosci. Bioeng., 91: 522-524.

10. Kim, S.W., H.J. Hwang, J.P. Park, Y.J. Cho, C.H. 
Song and J.W. Yun, 2002a. Mycelial growth and 
exo-biopolymer production by submerged culture 
of various edible mushrooms under different
media. Lett. Appl. Microbiol., 34: 56-61.

11. Kim, S.W., H.J. Hwang, C.P. Xu, Y.S. Na, S.K. 
Song   and J.W. Yun, 2002b. Influence of
nutritional conditions on the mycelial growth and 
exo-biopolymer production in Paecilomyces
sinclairii. Lett. Appl. Microbiol., 34: 389-393.

12. Kim, S.W., H.J. Hwang, C.P. Xu, J.M. Sung, J.W. 
Choi and J.W. Yun, 2003a. Optimization of
submerged culture process for the production of 
mycelial biomass and exo -polysaccharides by
Cordyceps  militaris  C738. J. Appl. Microbiol.,
94: 120-126.

13. Hwang, H.J., S.W. Kim, C.P. Xu, J.W. Choi and 
J.W. Yun, 2003. Production and molecular
characteristics of four groups of
exopolysaccharides from submerged culture of
Phellinus gilvus. J. Appl. Microbiol., 94: 708-719.

14. Chihara, G., J. Hamuro, Y. Maeda, Y. Arai and F. 
Fukuoka, 1970. Fractionation and purification of 
the polysaccharides with marked antitumor
activity, especially lentinan, from Lentinus edodes
(Berk.) Sing. (an edible mushroom). Cancer Res.,
30: 2776-2781.

15. Mansell, P.W.A., 1994. Polysaccharides in skin
care. Cosmet Toiletries, 109: 67-72.

16. Kuo, Y.C., W.J. Tasi, M.S. Shiao, C.F. Chen and 
C.Y. Lin, 1996. Cordyceps sinensis as an
immunomodulatory  agent. Am.  J.  Chin. Med.,
24: 111-125.

17. Vuyst, L.D., 2000. Technology aspects related to 
the application of functional starter culture. Food
Technol. Biotechnol., 38: 105-112.

18. Wasser, S.P., 2002. Medicinal mushrooms as a
source of antitumor and immunomodulating
polysaccharides. Appl.  Microbiol.  Biotechnol.,
60: 258-274.

19. Fang, Q.H. and J.J. Zhong, 2002. Submerged
fermentation  of  higher fungus Ganoderma
lucidum for production of valuable metabolites
ganoderic acid and polysaccharide. Biochem. Eng. 
J., 10: 61-65.

20. Kim, S.W., C.P. Xu, H.J. Hwang, J.W. Choi, C.W. 
Kim  and J.W. Yun, 2003b. Production and
characterization of exopolysaccharides from an
enthomopathogenic fungus Cordyceps militaris
NG3. Biotech. Prog., 19: 428-435.

21. Kim, S.W., H.J. Hwang, C.P. Xu, J.W. Choi and 
J.W. Yun, 2003c. Effect of aeration and agitation 
on the production of mycelial biomass and
exopolysaccharides in an enthomopathogenic
fungus Paecilomyces sinclairii. Lett. Appl.
Microbiol., 36: 321-326.

22. Gibbs, P.A. and R.J. Seviour, 1996. Does the
agitation rate and/or oxygen saturation influence 
exopolysaccharide production by Aureobasdium
pullulans in batch culture? Appl. Microbiol.
Biotechnol., 46: 503-510.

23 Yang, F.C. and C.B. Liau, 1998. The influence of 
environmental conditions on polysaccharide
formation by Ganoderma lucidum in submerged 
cultures. Process Biochem., 33: 547-553.



World Appl. Sci. J., 3 (3): 476-486, 2008

485

24. Lazaridou, A., T. Roukas, C.G. Biliaderis and H. 
Vaikousi, 2002. Characterization of pullulan
produced from beet molasses by Aureobasidium
pullulans in a stirred tank reactor under varying 
agitation. Enzyme Microb. Technol., 31: 122-132.

25. Guillouet, S., J.H. Choi, C.K. Rha and A.J.
Sinskey, 1999. Effect of yeast extract on the
production and the quality of the
exopolysaccharide, zooglan, produced by Zoogloea
ramigera  115SLR. Appl. Microbiol. Biotechnol.,
51: 235-240.

26. Tharanathan, R.M., 1995. Polysaccharide gums of 
industrial importance- a review. J. Scient. Indust. 
Res., 54: 512-523.

27. Gimeno, E., C.I. Moraru and J.L. Kokini, 2004.
Effect of xanthan gum and CMC on the structure 
and texture of corn flour pellets expanded by
microwave heating. Cereal Chem., 81: 100-107.

28. Sadar, L.N., 2004. Rheological and textural
characteristics of copolymerized hydrocolloidal
solutions containing curdlan gum. Master of
Science Thesis, Faculty of the Graduate School of 
the University of Maryland, College Park, MD
20742.

29. Sinha, J., J.T. Bae, J.P. Park, K.H. Kim, C.H. Song 
and J.W. Yun, 2001. Changes in morphology of 
Paecilomyces japonica and their effect on broth 
rheology during production of exo -biopolymers.
Appl. Microbiol. Biotechnol., 56: 88-92.

30. Burla, G., A.M. Garzillo, M. Luna, C.L. Ercoli and 
A. Schiesser, 1992. Effects of different growth
conditions on enzyme production by Pleurotus
ostreatus in submerged culture. Bioresour.
Technol., 42: 89-94.

31. Wu, W.T., Y.L. Hsu, Y.F. Ko and L.L.  Yao, 2002. 
Effect of shear stress on cultivation of Bacillus
thuringiensis for thuringiensin production. Appl.
Microbiol. Biotechnol., 58: 175-177.

32. Pitt, J.I., 1979. For the genus Penicillium and its 
teleomorphic states. Eupenicillium and
Talaromyces., Acid. Press Inc. Ltd., London.

33. Moubasher, A.H., 1993. Soil fungi in Qatar and 
other arab countries. The Centre for Applied
Research, University of Qatar, Doha, Qatar, pp:
556.

34. Johnson, L.F. and E.A. Curl, 1972. Methods for 
research on the ecology of soil-borne plant
pathogens. USA: Burgess Publ. Co., pp: 112.

35. Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. 
Randall, 1951. Protein measurement with the Folin 
phenol reagent. J. Biol. Chem., 193: 265-275.

36. Dubois, M., K.A. Gilles, J.K. Hamilton, P.A.
Rebers and F. Smith, 1956. Colorimetric method 
for determination of sugars and related substances. 
Analytical Chem., 28: 350-356.

37. Russo, R., A. Giuliani, B. Immirzi, M. Malinconico 
and G. Romano, 2004. Alginate/Polyvinylalcohol
blends for agricultural applications: structure-
properties correlation, mechanical properties and 
greenhouse effect evaluation. Macromolecular
Symposia, 218: 241-250.

38. de Hoog, G.S., J. Guarro, J. Gene and M.J.
Figueras, 2000. Atlas of clinical fungi, 2nd Ed.
Centraalbureau voor Schimmelcultures, Baarn and
Delft, The Netherlands.

39. Wecker, A. and U. Onken, 1991. Influence of
dissolved oxygen concentration and shear rate on 
the production of pullulan by Aureobasidium
pullulans. Biotechnol. Lett., 13: 144-160.

40. Lee, B.C., J.T. Baea, H.B. Pyoa, T.B. Choeb, S.W. 
Kimc, H.J. Hwangc and J.W. Yunc, 2004.
Submerged culture conditions for the production of 
mycelial biomass and exopolysaccharides by the 
edible Basidiomycete Grifola frondosa . Enzyme
and Microbial. Technol., 35: 369–376.

41. Xu, C.P. and J.W. Yu n, 2004. Influence of aeration 
on the production and the quality of the
exopolysaccharides from Paecilomyces tenuipes
C240 in a stirred-tank fermenter. Enzyme and
Microbial. Technol., 35: 33-39.

42. Lin, E.-S. and S.-C. Sung, 2006. Cultivating
conditions influence exopolysaccharide production 
by the edible Basidiomycete Antrodia cinnamomea
in submerged culture. Intl. J. Food Microbiol., 108: 
182-187.

43. Choa, E.J., J.Y. Oh, H.Y. Chang and J.W. Yun,
2006. Production of exopolysaccharides by
submerged mycelial culture of a mushroom
Tremella fuciformis. J. Biotechnol., 127: 129-140.

44. Xu, C.P., S.W. Kim, H.J. Hwang and J.W. Yun, 
2006. Production of exopolysaccharides by
submerged culture of an enthomopathogenic
fungus, Paecilomyces tenuipes C240 in stirred-tank
and airlift reactors. Biores. Technol., 97: 770-777.

45. Kawagishi, H., T. Kanao, T. Mizuno, K. Shimura, 
H. Ito, T. Hagiwara and T. Nakamura, 1990.
Formolysis of a potent antitumer (1-6)-ß-D-glucan
protein complex from Agaricus blazei fruiting
bodies and antitumor-activity of the resulting
products. Carbohyd. Polymers, 12: 393-403.

46. Chauveau, C., P. Talaga, J. Wieruszeski, G.
Strecker and L. Chavant, 1996. A water-soluble β-
D-glucan from Boletus erythropus. Phytochemistry 
43: 413-415.

47. Silvestein, R.M.,G.G.  Bassler and T.C. Morrill,
1994. Spectrometeric identification of organic
compounds (5th Ed.). New York, Wiley. 

48. Laurienzo, P., M. Malinconico, A. Motta and A. 
Vicinanza, 2005. Synthesis and characterization of 
a novel alginate-poly (ethylene glycol) graft
copolymer. Carbohydrate Polymers, 62: 274-282.



World Appl. Sci. J., 3 (3): 476-486, 2008

486

49. Synytsya, A.C., J. Opikova, P. Matejkab and V. 
Machovic, 2003. Fourier transform Raman and
infrared spectroscopy of pectins. Carbohydrate
Polymers, 54: 97–106.

50. Cerná, M., A.S. Barros, A. Nunes, S.M. Rocha, I. 
Delgadillo, J. Copíková and M.A. Coimbra, 2003. 
Use of FT-IR spectroscopy as a tool for the
analysis of polysaccharide food additives.
Carbohydrate Polymers, 51: 383-389.

51. Ashline, D., S. Singh, A. Hanneman and V.
Reinhold, 2005. Congruent strategies for
carbohydrate sequencing. 1. Mining structural
details by MSn. Anal. Chem., 77: 6250-6262.

52. Zohuriaan, M.J. and F. Shokrolahi, 2004. Thermal 
studies on natural and modified gums. Polymer
Testing, 23: 575-579.


