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ABSTRACT

The demand for cellulose in paper making procesaciselerating at an alarming rate. Alternate soigcef
cellulose has to be traced in order to meet tlemdnd. In this study, Pseudomonas sp. and Actireies/sp.,
isolated from the forest soil was tested for theatential to produce cellulose. Characterisation adllulose
produced by Pseudomonas sp. and ActinomycetedgTIR and SEM indicate that Pseudomonas sp. and
Actinomycetes sp., produce cellulose. Furthermardiure conditions has to be optimized for enhagcihe
production of bacterial cellulose.
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INTRODUCTION

The ever increasing industrial demand for celiel from the higher vascular plants for papesking
process could disturb the delicate ecologicahmed of the earth. Thus, alternative sources lbflase have to
be developed. Bacterial cellulose (BC), an exogatgharide produced by some bacteria are highlg pith
unique, structural and mechanical properties ofjh&i degree of polymerization and crystallinityndex [1,2].
Several bacteria are known to produce celluloseh sas those produced Wgluconacetobacter geniis4],
Acetobacter acet[5], Acetobacter xylinuni6,7,8]. The present study was an attempt taratterise the
cellulose produced bPseudomonasp, andActinomycetesp., isolated from forest soil through FTIR
and SEM studies .

MATERIALS AND METHODS

BC Production and Culture condition

Pre inoculum preparation

Pseudomonasp. and Actinomycetessp,, isolated from the forest soil were mass cultunednutrient broth
separately. From the mass culture, 1ml of nutrtemth culture ofPseudomonasp. (76 X18 cfu/ ml) and
Actinomycetesp, (53 X10 cfu/ ml ) were separately inoculated into the tHes- Schramm medium (HS) (2 %
glucose, 0.5 % yeast extract, 0.5 % polypeptoré?,3%, NaHPQO, .12H,0, 0.115 % citric acid monohydrate with
pH 6.0 ) [9] for a period of 21 days. After 21dagelly like cellulose was produced IRseudomonas sp The
developed gelly-like cellulose was first purifiegt washing with deionized (DI) water and then wastied with
1% (w/v) NaOH (sodium hydroxide) at 38 for 24 hours to remove bacterial cells andethwith DI water
until the pH was 7. The purified sheets were tlaéndried at room temperature and stored in plafltia.
Actinomycetesp.,produced cellulose was in the form of crystalsvds purified by washing with deionized water
and treated with 1 % ( w/v) NaOH at 35 for 24 hours to remove bacterial cells and mhiwéth DI water until
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the pHwas 7. These purified crystals were thésddat room temperature and stored in eppendbestu

SEM Analysis
Scanning electron microscopy (SEM- VEGA3 TESCAN)}swanducted to observe sample morphology. Samples
were sputter coated with gold. The image were taktel® Kv accelerated voltage with magnificatiox 1& 6 kx.

FTIR Spectroscopy

FTIR spectra of bacterial cellulose samples wecerded with a BIO-RAD spectrometer (model FTS $0sing
the KBr (potassium bromide) disc technique ( 1 mB® powder /300 mg KBr) in the range of 40004£m®.
The FT-IR spectra were recorded at a resolutich @fi* and at an accumulation of 32 scans.

RESULT

As evinced is this study, strong absorption pe@@24.73 crit and 2855 cm ) were registered in the FTIR
spectra of cellulose obtained froRseudomonas sp(Table-1, Fig-1). These peaks have been related ©6-H
bond stretching. Similar peaks ( 2925 tand 2856 cm attributed to C-H bond stretching ) was also ol in
the FTIR spectra of cellulose producedAmtinomycetesp., [10] ( Table 2, Fig 2).The appearance of giigms
band at 3418 cthhave been attributed to inter-molecular hydrogends for 6-OH..0-410]. Goelzer et al., have
recorded absorption peak in 3000 &8600 cm' region in the FTIR spectra of cellulose produdsd
Acetobacter xylinum and have assigned it to O-H stretching frequenciof cellulose [11]. In cellulose
crystals, the conformation of the cellulose chaaswell as their strong packing, depends onrmbércular and
intra-molecular hydrogen bonds [12].

According to the hydrogen — bond patterns propdsgd Gardner and Blackwell there are two classes o
hydrogen bonds in cellulose I, the intra molectigarogen bond for 2-OH... O-6 and 3- OH... O-5 linkad the
inter — molecular hydrogen bonds for 6-OH... '[k3]. The absorption peaks at 2925 tand 1453 cm have
been assigned to C-H stretching and C-H bendihration, respectively[14]. The absorption peakround
1117 cnt  (table 1), another signature band of celluloserresponds to C-C bonds of monomer unit of
polysaccharide [15]. The signature band at 2924' ¢table 1) have been attributed to C-H bond stietch
vibration, which confirms  amorphous charactecisti of cellulose [15,16]. The FTIR spectra ofldelse
produced byActinomycetes sp. jndicates absorption band at 2925'camd 2856 ci, which corresponds to  anti
symmetrical and symmetrical Ghtretching vibration of non- cellulose polysaadties, respectively (table 2)
[17] . 3008 cnit to 3418 crit region correspond to the O-H stretching frequesofecellulose. The absorption peak
was observed at 2925 énand 1453 cm for C-H stretching vibration and C-H bendirigration , respectively
(table 2) [14]. Existence of characteristic bmatl1110 cm indicates signature band of cellulose , whichehav
been assigned to C-C bonds of the monomers ufifolysaccharides [15]. The intra- molecular hydmog
bonding of O (2) H... 0(6) and O(3)H... 0(5), in cetisk are shown at 3455 ¢m 3410 cri. In the FTIR
spectrum of cellulose produced Agtionomycetesp., the peaks at 3418 ¢hand 2925 cm correspond to O-H and
CH, stretches, respectively [16].

Table -1 Band assignment of FTIR spectra of Celloke produced byPseudomonas sp.,

Wave nl_Jlmbers Functional groups _Relatl\_/e References
(cm™) intensity
3782 OH w Sliverstein et al [18]
3409 OH M Sliverstein et al [18]
2924 C-H W Dayal et al [15] ; Qin et al .,[16]
2855 va (CH) w Oh et al [19] ; Movasaghi et al.,[20]
2102 c=C VW Sliverstein et al., [18]
1580 Cc-C M Sliverstein et al., [18]
1404 C-H M Sharma [21]
1320 Benzene ring with mixed C-H W Movasaghi et al.,[20]
in Plane bending
1117 Cc-C W Dayal et al., [15]
717 C-H W Sliverstein et al [18]

W-weak ; M- Medium; VW — Very Weak

SEM analysis
Cellulose produced byseudomonas sp( Fig -3) was jelly like and that ofActinomycetesp., was in the form of
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crystal ( Fig-5).The SEM images of BC membranggtesised byseudomonas sgnd Actinomycetesp.,
indicate that they are intertwined into a croskdihthree - dimensional network (Fig 4, 4a, 6 ,6a).

210218

340084

-
Fig — 1 FTIR spectra of Cellulose produced bfseudomonas sp.,

Wl
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Fig 2 FTIR spectra of Cellulose produced byActinomycetes sp.,

Table-2 Band assignment of FTIR spectra of Celluke produced byActinomycetes sp.

Wave . Relative intensity Reference
numbers Functional group
(cm™)
3775 O-H w Sliverstein et al [18]
3418 v(N-H)free M Oh et al., [19]; Movasaghi et al.,[20] ; He et[aD] ; Qin et al .,[16]
300¢ OH VW Silverstein et al ., [1!
Oh et al .,[19] ; Movasaghi etal.,[20];
2925 V(CH) M Omer She[za(]:l etal., [14§]I ; He et[al.,][lo] ; Qialet[16]
2856 v(CH,) W Oh et al .,[19] ; Movasaghi et al.,[20] . He et[&D]
210¢ Cc=C VW Silverstein et al .,[1{
1744 C=0 w Silverstein et al ., [18]
1608 C-C W Silverstein et al ., [18]
1453 C-H Stretching w Omer Shezad et al., [14]
1404 C-H W Sharma [21]
1320 Ber}ﬁeglzn:g%r\:\gfzgc H W Movasaghi et al.,[20]
123t C-0-C W Silverstein et al ., [1i
1156 Vz(e%?r;giban w Movasaghi et al.,[20] ;Kacurakora et .al.,[21]
va (C-C) ring (
1110 Polysaccharides w Movasaghi et al.,[20] ; Dayal et al.,[15]
,cellulose)
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1033 0-C-0 W Silverstein et al ., [18] ; Omer Shezad et al.][14
757 C-H W Silverstein et al ., [18]
720 C-H W Silverstein et al ., [18]

W-weak ; M- Medium; VW — Very Weak

Fig -4. Fig -4a.

SEMHV: 10.0 KV WD: 915 mm VEGA3 TESCAN SEM HV:10.0 KV
View field: 23.4 um Det: SE 5um View field: 142 ym um
SEM MAG: 5.92 kx| Date(midiy): 05/16/14 Gandhigram Rural Institute SEM MAG: 878 x | Date{midy): 0516114 Gandhigram Rural Insfitute

Fig-3: Jelly like Cellulose produced byPseudomonas sp.,
Fig-4 and 4a: SEM image of cellulose produced Bgeudomonas sp.,

Fig-6

SEM HV: 10.0 kV. WID:9.66 mm
View field: 61.5 um Det: SE 10pm
SEM MAG: 2.25 kx _ Date(midly): 0516114 Gandhigram Rural Institute

Fig -5: Cellulose crystals formed in HS medium byActinomycetes sp.,
Fig-6 and 6a : SEM image of cellulose produced bictinomycetes sp.,

DISCUSSION

Similar absorption bands were recorded by He et &l.the FTIR spectra of cellulose obtained froamboo and
ramie fibers ( 2900.5 cm) and cotton exhibited doublets at 2894.7*cand 2917.8 cth On the other hand, they
noticed triplet at 2902.5 ¢l 2917.8 crit and 2852 cm absorption peak in the FTIR spectra of cellelos
produced by flax fibers. Furthermore, they haveiggeed these peaks to C-H stretching vibrationsetifilose,
and the antisymmetrical and symmetrical .GHetching vibration of non- cellulose polysacctas, respectively
[10].

Carreira et al., have also produced BC fi@haconacetobacter sacchausing HS medium, with glucose as carbon
source [4]. As evinced in the study, Ananda Putral.e have also observed that BC gel producedath smooth
flat PDMS (Polydimethylsiloxane) mold and on ridg®MS mold showed a metallic glossy surface thahe
from light interference [23]. Basavary et al., bBademonstrated that the most preferred carbon socoff@C
biosynthesis are glucose and fructose [24]. Furthleey also reported that BC produced by strain ZK-
Gluconacetobacter persimmojpisvas in the form of stellate and irregular massesler agitated culture
conditions. Gomes et al.,, reported typical homegels tridimensional network of nano and micndgb of
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cellulose produced bglucanocetobactesacchariusing dry olive oil residue. Further, they hagported that the
FTIR spectra of cellulosic substrates displayednst bands at around 3300 ¢n2880 cnt and 1100 cm and
have associated it to vibration of OH,CH and @ @roups of cellulose , respectively [25].

Takayasu Tsuchida and Fumihiro Yoshinaga have dstraied thafcetobacter xylinunsubsp Sucrofermentans
subspnov could be used to produce bacterial cellulaseagitated culture. Further, they have reported @falL
(corn steep liquor) was the most suitable orgaitiogen source for BC production [26]. Gao et ahave also
observed absorption bands at 3416'crfi-OH stretching ) and 2921 &nf -CH, stretching ) in the FTIR spectra
of native BC [27].

As observed in this study, Tanskul et al., haw® akported for the first time the production oflidese by
Rodococcusp. MI 2 for a period of 14 day inoculation undeatit, agitated and mixed condition. Further, they
have reported that cellulose produced IRhodococcus spwas in the form of small granules with few
irregular shapes under agitated conditions [28].

CONCLUSION

This study reveals that bacteria could be an aternption for production of cellulose. Hence,dbuld reduce the
plant cellulose demand in paper making process..
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