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Abstract: The quantitative effect of fermentation time, concentration of carbon and nitrogen sources and pH
on mycelia growth and extracellular polysaccharides (EPS) produced by Scopularis spp. in shake flask were
investigated by Box-Behnken experimental design. The low, middle and high levels of each variable were
designated -1, 0, +1 and total of 30 experiments preformed in duplicate were conducted. The results indicated
that the application of the design with the above variables almost increase the yield of EPS to 2.5 fold of that
of the control (from 1.3 to 3.4 g/L) and double the mycelia growth (from 1.2 to 2.18 g/100 ml). The conditions for
maximum mycelial growth were not the same as that for the maximum yield of EPS. The produced EPS from the
30 trials and their compositions were identified by: FT-IR, carbohydrate analysis, HPLC and TLC. Analysis data
indicated the distinguish difference in the mono sugars composition and their ratio in the tested samples.
However all the samples contain mainly glucose in a range of 32-74%, of the total mono sugars. Glucuronic acid
was also present in all samples, while galactose; fucose and rhamnnose were also existed in some samples.

Key words: Extracellular polysaccharides  Optimization  Box-Behnken design  FT-IR  HPLC  TLC

INTRODUCTION conditions and media compositions [9-12]. So the

Microbial extracellular polysaccharides (EPS) are the desired of microbial fermentation. The optimal
polymer produced by microorganisms. They contain requirement for EPS production is very important to
carbohydrate as main constituent and may also contain reduce the cost of their productions.
proteins, nucleic acid, phospholipids and human acids [1]. The aim of this study was to optimized the culture
They have a wide range of industrial applications: medium for high yield of EPS from a newly source
medical, pharmaceuticals, textiles, cosmetics detergents, Scopularis sp. and analyzed the produced
adhesives, adhesives food additives and waste water polysaccharides to better  understanding  the  influence
treatment [2-7]. EPS are classified according to their of different nutrients and cultivation conditions on the
composition into two groups: homopolysaccharides that biopolymer yield and the cell growth. The response
is contain one type of mono sugar (as dextran, pullulan surface methodology with Box-Behnken design [13] was
and curdlan) and heteropolysaccharides which contain subsequently applied to determine the effects of
different types of mono sugars (as xanthans or gellans) significant parameters and their interaction and to identify
[8]. Microbial polysaccharides offer a viable alternative to the optimum values. To the best of our knowledge this is
the currently used polysaccharides which are mainly the first time the Box-Behnken design applied for the
produce from plant and algae. Therefore in recent year a production of polysaccharides from Scopularis sp.
major effort has been put on the search for novel microbial
polysaccharides which may have better and/or new MATERIALS AND METHODS
biological activities. With many microorganisms, the
kinetics and efficiency of polymer production, the Strain and Culture Media: Scopularis spp., used in this
molecular weight of the polymer as well as their fine study was from the culture collection of National
structures can all be affected by changes in growth Research  Centre,  Egypt.  The  strain  was  maintained  by

optimization of culture conditions is important to enhance
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Table 1: The level of Box-Behnken design
Level
----------------------------------------------------------------------------------------------------------------------

Variable Symbol -1 0 +1
Time (days) T 6 7 8
Fructose % F 15 20 25
Nitrogen g/L N 0.273 0.373 0.473
pH pH 4 5 6

Table 2: Box-Behnken design matrixes for 4 variables and the experimental values of total EPS and CDW
Experimental number Time T Fructose C Nitrogen N pH EPS g/100ml CDW g/100ml
1 -1 0 0 -1 0.20 1.295
2 -1 0 0 1 0.11 1.343
3 1 0 0 -1 0.22 1.204
4 1 0 0 1 0.28 1.551
5 0 0 -1 -1 0.14 0.889
6 0 0 -1 1 0.14 1.213
7 0 0 1 1 0.16 2.180
8 0 0 1 -1 0.29 1.955
9 -1 -1 0 0 0.09 0.995
10 -1 1 0 0 0.19 1.712
11 1 -1 0 0 0.10 1.364
12 1 1 0 0 0.18 1.703
13 -1 0 -1 0 0.23 0.900
14 -1 0 1 0 0.24 1.397
15 1 0 -1 0 0.26 1.414
16 1 0 1 0 0.34 1.755
17 0 -1 0 -1 0.22 1.205
18 0 -1 0 1 0.30 1.256
19 0 1 0 -1 0.24 0.857
20 0 1 0 1 0.31 0.875
21 0 -1 -1 0 0.18 1.266
22 0 1 -1 0 0.21 1.155
23 0 -1 1 0 0.14 1.233
24 0 1 1 0 0.29 1.637
25 -1 0 0 0 0.24 0.871
26 0 0 0 -1 0.27 1.177
27 0 0 0 1 0.27 1.136
28 0 -1 0 0 0.16 1.021
29 0 0 0 0 0.13 1.205
30 0 0 0 0 0.13 1.205

monthly, transfer on potato dextrose agar slants (PDA fermentation times of the culture medium were taken as
Merck  Darmstadt,  Germany).  Slants  were  incubated  at tested variables in 30 run experiments to determine their
28-30°C for 7 days and stored at 4°C. The liquid culture optimum levels for EPS production and their effect on
medium was composed of (g/L): fructose, 20; NaNO , 1.0; fungal growth. The level of Box-Behnken design was3

yeast extract, 1.5; MgSO .7H O, 0.5; KH PO , 1.0; KCl, 0.5; indicated in Table 2.4 2 2 4

FeSO .7H O, 0.01 at pH 5. Concentration of fructose and4 2

total nitrogen; different period of times and pH were Isolation of Polysaccharides: The collected viscous
changed as indicated in Table 1. The cultures were grown cultures were centrifuged (6000 rpm, 25min) to separate
in 250 ml Erlenmeyer flasks containing 50 ml from the the fungal pellets. The cell free viscous cultures were
above sterilized medium and incubated in a rotator shaker subjected to thermal treatments to inactivate fungal
at 150 rpm and 28-30°C before collected. enzymes that may causes polymer degradation by time.

Box-Behnken Design: According to the principles of MWCO membrane, (VWR Scientific, Spectrum Companies
Box-Behnken design [13] carbon; nitrogen; pH and USA),  against  tap  water  for 2 days changing three times

Finally the culture filtrates were dialyzed by 10,000-12,000
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Fig. 1: Scheme of isolation of polysaccharides

daily then dialyzed against distilled water by the same Thin Layer Chromatography: Silica gel plates (Merck,
way and centrifuged again as indicated above. The crude Darmstadt, Germany) were used to identify the
dialyzed cultures were submitted to freeze thawing composition of the hydrolyzed polysaccharides. The
process and cold precepated polysaccharides (CEPS) samples were spotted on the plates with different
were separated from the supernatant by decantation or by authentic mono sugars. Plates were developed at room
centrifugation  (according to the nature of the precipitated temperature in a saturated chamber containing, n-
polymer) and washed by a mixture from ethanol and H O propanol: water (85:15 v/v). Sugars were detected by2

(1:1v/v). The supernatants mixed with 3 volumes of spraying the dried plates with 3% phenol reagent followed
absolute cold ethanol with agitation and the precipitated by incubation at 100°C in an oven for 10 min. [15].
polymer (PESP) were separated and washed as indicated
above. The fungal viscous pellets were suspended with HPLC Analysis: The hydrolyzed solutions of some
distilled water with agitation and then centrifugation more separated polysaccharides were subjected to HPLC to
than one times to release the fairly bound polysaccharides identify their mono- sugars composition. Glucose,
(BESP) from the surface of the fungal pellets. All the glucuronic acid; galactose; fructose and rhamnose were
separated polysaccharides (Fig. 1) were dried and used as authentic mono-sugars and applied with different
weighted for the determination of the total yielded EPS. samples  to  separate  in  shodex-sugar-SC1011 Colum

Estimation of Mycelia Dry Weight: The washed mycelia HPLC grad water at flow rate 1ml/min at 80°C and detected
from the above step were dried in an oven to a constant with refractive index detector (RID.10A).
weight and were used for the estimation of the mycelia dry
weight (CDW) in different culture media. Carbohydrate Contents and Glucose %: Carbohydrates

FT-IR Analysis: The crude polysaccharide was mixed phenol sulfuric acid method at 490nm with glucose as
with KBr powder ground and pressed into 1mm pellets for stander according to Dubois et al. [16]. Quantitative
Fourier- Transform Infrared (FT-IR 6100 JASCO, Japan). determinations of glucose in the hydrolyzed samples were
Spectrum  measurement  in  the   frequency   range of determined by using glucose kit (Stanbio Lab., USA) at
4000-400/cm. 510nm with glucose as stander [17].

Compositional Analysis of EPS: Acid hydrolysis of crude RESULTS AND DISCUSSION
polysaccharide was carried out according to Fischer and
Dorfel [14]. In briefly 0.05g EPS mixed with 0.5ml 80% Using Box-Behnken design, 30 sets of experiments
sulfuric acid and left over night at room temperature then with appropriate combinations of fermentation time;
diluted with 6.5ml distilled water and boiled in water bath carbon concentration; nitrogen concentration and pH
for 6h. The mixture was cold neutralized with excess were conducted. The design matrix and the experimental
BaCO  and subjected to identification by thin layer results are given in Table 2. The data indicated that there3

chromatography (TLC) and high performance liquid were considerable variations in EPS and CDW with all the
chromatography (HPLC) for primer identification. variables but with different degrees. In general the amount

(SCL-10AVP Shimadzuo). The samples were eluted with

contents of the hydrolyzed samples were determined by
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Fig. 2: FT-IR of some crude CEPS samples (crude cold EPS of exp. 1,3,11,21); crude BEPS (B11)sample and crude PEPS
(P15) sample

of the produced polysaccharides (0.9- 3.4 g/L) were in the
range with that reported by Chandra and Shoji [18] and
Hui et al. [19]. The experimental results recorded that the
maximum yield of EPS (3.4g/L) was obtained at, 0 level of
fructose concentration (20%); +1 level of nitrogen base
(0.475g/L); 0 level of pH (5) and +1 of time levels (8).
Maximum fungal growth was also obtained at the same
levels for fructose and nitrogen concentration but at +1
and 0 levels for pH and time respectively. The effect of the
concentration of carbon and nitrogen sources; pH and
fermentation time on the yields of EPS was reported by
Jian-hui et al.[10], Tun-Tschn et al. [12], Chandra and
Shoji [18] and Po Hong et al.[20]. It was clear from the
results  that  applying  the  Box-Behnken  design with
these  variables  almost  doubled  the CDW (from 1.2 to
2.18 g/100ml)and increase the amount of the produced
EPS 2.5 fold (from 1.3 to 3.4 g/L)comparing with the
control.

Notes: It has been noted that the increasing of the
concentration of fructose in the culture medium led to
increase the thicknesses of the polysaccharides layer
attached to the cell surface. So even after rewashed of the
cell pellets more than one times, the pellets still viscous
which mean that a part of EPS was not secreted and
remain  associated  with the cells wall and may need
further treatments for complete release from the cell walls.
This also means that the actual amount of the produced
polysaccharides was higher than the calculated one and
the exact CDW was also lower than the tabulated values
(Table 2).

Table 3: Retention time of the authentic samples of HPLC

Sugar Retention time

Glucuronic acid 5.233

Glucose 7.750

Galactose 8.483

Rhamnose 8.967

Fructose 9.533

The FT-IR spectra of some produced polysaccharides
are shown in Fig. 2. The broad band around 3400cm  and1

the intense band at 2924/cm were two characteristic
absorption bands for all polysaccharides that attributed
to the stretching vibrations of O-H and C-H (of CH )2

groups. The band at 1745/cm represent the stretching
vibration of C=O in the carboxylic acid [21, 22]. TLC plates
indicated that all the samples had glucose and glucuronic
acid (Fig. 3). The presences of galactose in different ratio
were also appeared in most of the samples. Rhamnnose
was also found. There were another two unidentified
spots. High performance liquid chromatography  of  some
of  the hydrolyzed samples (Fig. 4) indicated the
distinguish differences in the ratio and  the  mono-sugars
compositions  of these samples. The retention time for
fructose; galactose; glucose; glucuronic acid and
rhamnose as authentic samples for HPLC are presented in
Table 3. Comparing the peaks of samples with that of
authentic, clearly indicated that all the samples contain
mainly glucose and glucuronic acid. The peak around
retention time 8.4 for galactose, while the peak at 10.4 may
be  for  fucose.  There was unidentified  appreciable peak
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c d

Fig. 3: TLC plates of hydrolyzed CEPS samples (a: fructose, C1-C10, arabinose, b: fucose, C11-C20, fructose, glucose,
c: fructose, C21-C29, galactose) and BEPS (d: fructose, B3, B5, B8, B9, B10, B11, B13, B17, B28, arabinose, glucose

Fig. 4: HPLC of hydrolyzed CEPS samples (a: C8; b: C17; c: C29) and BEPS sample (d: B11)
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Table 4: % of glucose in hydrolyzed CEPS and some BEPS (B) samples (+/- 4%).
Experimental number G/CEPS% Experimental number G/CEPS% Experimental number G/CEPS%
1 56.89 16 69.07 B3 63.28
2 51.85 17 63.09 B5 43.14
3 58.39 18 64.47 B8 47.84
4 58.83 19 74.78 B9 46.28
5 50.30 20 61.23 B10 48.82
6 57.48 21 53.95 B11 39.45
7 48.17 22 65.78 B13 48.56
8 60.41 23 56.65 B17 52.50
9 67.77 24 65.90 B28 60.44
10 66.50 25 46.60 - -
11 60.30 26 45.31 - -
12 36.81 27 71.17 - -
13 65.53 28 41.46 - -
14 32.06 29 40.42 - -
15 67.31 30 41.11 - -
G: glucose; CEPS: crude cold precipitin; BEPS: crude EPS released from the cells surface (B); B3, 5, 8, 9,…. are numbers of experiments)

very  close or overlapped with glucuronic acid and also 2. Singh, R.S., G.K. Saini and J.F. Kennedy, 2008.
two to three small unidentified peaks after 11 retention
time.

The quantitative estimation of glucose in the
hydrolyzed samples of CESP and some samples of BESP
are presented in Table 4. The distinguish differences in
the ratio of glucose in the samples was cleared. The
highest glucose ratio (74.78) was at run no. 19 at the
levels, 0, 1, 0, -1, while the minimum ratio was at run no.14,
at the levels, -1, 0, 1, 0 for the variables: time, fructose,
nitrogen and pH, respectively. The relation between
variable glucose concentrations in the produced EPS and
the experimental conditions was not clear and need more
investigation. Generally many authors reported the
influence of pH, fermentation time; the concentration of
carbon and nitrogen and C/N ratio on the composition
and the amount of the produced EPS from different fungal
species [10, 11, 12]. More investigation was needed to
identify the exacta structure of the produced
polysaccharides.  This  study  will  open  a  door for
further studies in order to attain even greater production
of EPS from this newly source and also to clarify their
exact composition and structures and their biological
activities.
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