
INTRODUCTION
The use of agricultural residues for pulp 
and paper production has been steadily 
increased in recent years. Bagasse is 
readily available and easily accessible 
in many tropical and subtropical 
countries in the world and is often 
abundant in countries without supplies 
o f  w o o d  r e s o u r c e s  ( 1 ) .  T h e  
development and use of biotechnology 
in the pulp and paper industry started in 
the early 1970 and depends mainly on 
the production of inexpensive 
biocatalysts in enormous volumes and 
weights for industrial production (2). 
Some biotechnical processes have 
already been implemented in the 
industry such as bio-bleaching with 
xylanases, pitch reduction with lipases 
and enzymatic deinking. Other 
biotechnical techniques are close to 
implementation in the pulp and paper 
industry such as bio-pulping, bio-
bleaching with laccase/ mediator 
system and bio-filtering of white water 
to remove organic materials. Many 
possibilities exist for implementing 
biotechnology in industry (3, 4). 
Lignocellulosic materials, bio-pulping, 
bio-bleaching and pulp modifications 
represent the bio-technical applications 
with the greatest potential in terms of 
cost reduction, process improvement 
and decrease environmental impacts 
(5-9). Uses of enzymes in bleaching of 
pulp and treatment of wood substrates 
(tissue and fibers) by fungi and bacteria 
have already been commercialized 

(10). It is widely accepted that bacteria 
are not as effective as fungi in wood 
lignin and lignin compounds (11, 12). 
The potential advantages of using 
bacteria instead of fungi are possibly 
shorter treatment times due to higher 
growth rates, more convenient 
inoculation and more economic 
inoculums preparation techniques (12). 
The first report of using bacteria in 
wood chip treatments was made with 
southern yellow pine using strain of 
Pseudomonas f lurescens  (13) .   
Moreover, P. flurescens, P. marginalis 
have been reported to produce 
extracellular enzymes e.g. lipases, 
which are responsible for degrading the 
wood extractives (14, 15). Research in 
these topics is focused on the search for 
pretreatments which improve the 
strength properties of the paper. The 
residual lignin in unbleached kraft 
bagasse pulp was removed to afford 
fully bleached pulp strength a 
multistage bleaching process using a 
combination of chlorination and 
alkaline extraction stage. But the 
effluent from such a bleaching process 
contains numerous chlorinated organic 
substances including mutagenic 
chlorinated phenols and dioxins (16, 
17). There is a great interest therefore, 
in eliminating or at least reducing the 
use of chlorine- based chemicals in 
bleaching. However, these bacteria 
were selected not for pulp bleaching but 
for lignin degradation in lignocellulosic 
materials. A hydrogen peroxide 
dependent lignin peroxidase has been 
implicated in lignin degradation (18, 

19). Hydrogen peroxide can be used as 
a bleaching agent particularly for 
brightening of mechanical and 
chemical pulps (20). On the other hand, 
hydrogen peroxide is unstable in 
alkaline conditions and readily 
decomposes, particularly in the 
presence of certain transition metals 
( 2 1 ) .  T h i s  m e t a l -  c a t a l y z e d  
decomposition of hydrogen peroxide is 
generally considered undesirable in the 
bleaching operation, therefore, 
stabilizing agent including sodium 
silicate which has a buffering effect 
causing stabilization of hydrogen 
peroxide (22- 24), magnesium sulphate 
(Epsom Salt) (25) and complexing 
agents as DTPA (diethylene triammine 
pentaacetic acid and EDTA (ethylene 
diammine tetraacetic acid) are 
commonly  used  to  l imi t  t he  
decomposition of hydrogen peroxide. 
This paper presents additional 
information on the effect of Bacillus 
subtilis and Pseudomonas flurescens 
on the bleachability and strength 
properties of kraft bagasse pulp. The 
characteristic of bacterial treated kraft 
bagasse pulp using scanning electron 
microscope has been studied. 

EXPERIMENTAL

Unbleached kraft bagasse pulp was 
provided by Edfo Mill, Egypt and has 
the following analysis according to 
Tappi standared methods: - cellulose is 
64.0%, pentosane is 27.5%, and lignin 
is 4.8% and kappa no. 34.5. Pure 
chemicals of laboratory grads were 
used. 

Kraft bagasse pulp was treated with several bacterial strains, including Pseudomonas flurescens (Pf1 & Pf2); and 
Bacillus subtilis (B) for 10, 20, 30 and 40 days. Strength and brightness properties of hand sheets made from 
bacterial treated pulp were examined. The characteristics of bacterial treated pulp using scanning electron 
microscope were carried out. The relative changes in the properties of hand sheets made from treated pulp with 
Pseudomonas flurescens and Bacillus subtilis followed by hydrogen peroxide bleaching were studied. The effect 
of the degree of polymerization of bleached bacterial treated pulp on the incubation time was carried out. 
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The effects of different treatment 
durations were tested using Pf1, Pf2 
and B for 10, 20, 30 and 40 days on the 
kraft bagasse pulp. Figure 1(a, b) 
illustrated the results of yield% and 
kappa no. after bacterial treatment. The 
kappa no. and yield% were decreased 
with increasing bacterial treatment 
time, for example, the kappa no. was 
20.42 after 10 days of B treatment, 
while the value was 17.53 after 40 days 
of B treatment of kraft bagasse pulp. 
This was mainly due to the delignifying 
function of bacterial strain (27).

The relative changes in the properties of 
hand sheets made from unbleached 
kraft bagasse pulp treated by Pf1, Pf2 
and B for 10, 20, 30 and 40 days are 
shown in Figure 2(a, b, c, d).The 
improvement in burst index and 
breaking length are (22.6- 49.5%) and 
(7.9- 33.4%) respectively, but tear 
index show a marginal change after 10 
and 20 days and decrease after 30 and 
40 days. Whereas, brightness increased 
after 10 days and decreased after 20, 30 
and 40 days. As observed from the same 
figure, maximum improvements in 
burst index for sheets produced from 
unbleached kraft bagasse pulp at about 
30 and 40 days. However, the 
maximum brightness and breaking 
length changes occurred within 10 
days. It was reported that a bacterial 
treatment of unbleached kraft Bagasse 
pulp increased the strength properties 
of resulting pulp (8). It was postulated 
that bacterial treatment loosened the 
fibers resulting in easier refining and a 
longer average fiber length distribution 
(28). So, cellulose to cellulose bonding 
may have enhanced the hand sheet 
strength properties in a manner 
proport ional  to the extent  of  
delignification. Also, an increase in 
carboxyl and hydroxyl groups of lignin 
was considered as one reason for the 
increased strength observed in bacterial 
treated pulp (29). Other reasons may be 
the bacterial treatment causes the fibers 
to stick together (5). In addition 
enzymes that attack cellulose and xylan 
often have portions (domains) of 
protein that bind to cellulose, which are 
called Cellulose Binding Domains 
(CBD). Deletion of the CBD of 
xy lanases  f rom Pseudomonas  
flurescens and Cellulomonas fimi did 
not affect the ability of the enzymes to 
attack pulp xylan but had variable 
effects on reducing the lignin content 
and bleaching (31). Pseudomonas 
flurescens enzyme has the same effect 
on bleaching with or without CBD, 
whereas C.  f imi enzyme was 

National Research Centre, Egypt. The 
used strains were cultivated under 

  aseptic conditions. Bacterial growth 
was prepared by growing each tested 
strain into conical flasks (250 ml) 
contain 100 ml of autoclaved Nutrient 
Broth Medium (NBM). NBM is a 
specific media for abundant growth of 
bacteria. The inoculated flasks were 

0incubated at 30 ± 2 C for 48 hour using 
incubator shaker. The bacterial 

6inoculums was adjusted as 6x 10  CFU. 
CFU is colony for unit; it is used as a rat 
for determine microbial count in 

  different substances.

Bleaching sequence 

Each of the bacterial treated and 
untreated [control] pulp samples were 
chelated before bleaching with 
hydrogen peroxide. The conditions for 
chelation were: start pH of 5.5, 3% 
consistency, 1% EDTA (ethylene 

o diammine tetraacetic acid) at 50 C for 
30 minute. After chelation, the pulp 
received a water wash at 1% 
consistency and the fines were passed 
through twice. The peroxide bleaching 
of the bacterial treated and untreated 
kraft bagasse pulp was carried out in 
sealed polyethylene bag at a 10% 
consistency, 2% H O , 1% MgSO . 2 2 4

7H O, 2% NaOH and 3% Na SiO  for 2 2 2 3
ohrs at 80 C. All bleached pulps were 

thoroughly washed after filtration with 
distilled water till neutrality, then, the 
peroxide bleaching is repeated. Degree 
of polymerization of the pulp was 
determined (26).

Pulp and Paper testing: The kraft 
bagasse pulp was disintegrated to SR 
degree of about 40 according to SCAN- 
C 19: 65. Each of bacterial treated; 
untreated (control) and bleached pulps 
were used to make five physical hand 
sheets for the determination of the burst 
index, tear index, breaking length and 
brightness. Tests were conducted 
according to Tappi Standard Methods.

Scanning electron microscope

Dehydration, critical point drying, 
2mounting of dried pulp and 60-g/m  

sheet specimens on aluminum stubs, 
a n d  v a c u u m  c o a t i n g  w i t h  
approximately 100 angstroms of gold. 
Samples were examined with a Philips 
XL 30 scanning electron microscope.

RESULTS AND DISCUSSION

Bacterial treatment of the pulp

Materials and methods

Strains of bacteria (Pseudomonas 
flurescens Pf1& Pf2 and Bacillus 
subtilis B) were evaluated for their aid 
in bleaching and strength properties of 
kraft bagasse pulp. These strains 
obtained from plant pathology Dept., 
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Fig. 1 ( a,b):  The effect of treatment duration 
on pulp yield % and kappa number
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Fig.2 (a, b, c, d): The effect of treatment

 duration on strength and brightness 
properties of hand sheets made from
 bacterial treated kraft bagasse pulp
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peroxide bleaching process. The 
strength properties were increased after 
10, 20 and 30 days and then, decreased 
or the same as control results. This 
decrease in strength properties may be 
due to the extensive degradation of the 
carbohydrate moiety (33). Figure 5(d) 
show that, the improvement in the 
brightness of the bleached bacterial 
treated kraft bagasse pulp was (72.9- 
86.5%) compared with control sample. 
As shown from brightness results, 
hemicelluloses produced by B. Subtilis 
were less effective on kraft pulps. The 
brightness of the pulps was increased 
by the hemicellulase treatments in 
accordance with the decreasing kappa 
no. The modest effect of B. Subtilis 
hemicellulase treatment on kraft pulp 
can be explained by absence of both β-   
xylosidase and arabinosidase activities 
(34). 

Figure 6 shows the effect of treatment 
duration on DP of bleached bacterial 
treated kraft bagasse pulp, the degree of 
polymerization of bacterial treated pulp 
by Pf1 and Pf2 were decreased 
markedly after 10 and 20 days, whereas 
after 30 and 40 days, the degree of 
polymerization shows marginal 
decrease. But, the treatment of pulp by 
B. subtilis followed by peroxide 
bleaching results in decrease in the DP 
with increasing the incubation time, 
consequently, the cellulose chains were 
degraded.

CONCLUSION

perhaps lignin, brown. So, an effort to 
bleach the bacterial treated kraft 
bagasse pulp was partially successful. 

Scanning- electron microscope 
study

The characteristics of bacterial treated 
kraft bagasse pulp using scanning 
electron microscope show that; the 
bacterial treated fibers (figure 4) were 
wooly and loose; these fibers were of 
more uniform length and have more 
abundant fibrillation than the untreated 
kraft bagasse pulp (figure 3.) The 
bacterial treated hand sheets fibers 
exhibit excellent compressibility and 
conformability, contributing to good 
bonding but in a kraft hand sheets, 
fibers collapse well. When bacterial 
treated pulp fibrilzed, it emerged 
woollier, looser, more regular, more 
flexible and had more uniform fiber 
length than pulps produced with 
conventional method. Consequently, 
hand sheets from bacterial treated pulp 
were more conformable and had greater 
strength properties than hand sheets 
from kraft pulps (32).

Bleaching studies

Figure 5(a, b, c, d) shows the relative 
changes in the brightness and strength 
properties of hand sheets made from 
bleached bacterial treated kraft bagasse 
pulp whereas, treatment was carried out 
by using Pf1, Pf2 and B for 10, 20, 30 
and 40 days followed by hydrogen 

marginally better with CBD. As shown 
from figure 2 (d), bacterial treatment 
reduced or marginally increased 
brightness after 10 days significantly, 
but brightness was restored to the level 
of bleached control with additional 
hydrogen peroxide (31). Although 
brightness is an important aspect of 
paper quality; bacterial treatment 
results in darking of pulp as shown in 
figure 2(d). Pellinen et al. (29) 
suggested that this discoloration was 
due to the formation of melanin, in 
addition discoloration might be caused 
by a process similar to the Bavendomm 
reaction, whereby polyphenol oxidases 
(laccase and tyrosinase) turn various 
phenolic, such as gallic and tannic and 
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Fig. 5(a, b, c, d): The effect of treatment 
duration on strength and brightness 
properties of hand sheets made from 
bleached bacterial treated kraft bagasse pulp

Fig. 6: Effect of treatment duration on DP 
of bleached bacterial treated kraft bagasse 
pulp
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Fig. (3): SEM micrograph for untreated kraft bagasse pulp at two levels of magnifications

Fig. (4): SEM micrograph for treated kraft bagasse pulp by Pf1 after 10 days at two levels 
of magnifications

Fig. 6.  Effect oftreatment  duration on DP.
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The effects of different treatment 
durations were tested using Pf1, Pf2 
and B from (10- 40) days on the kraft 
bagasse pulp. The yield% and kappa no. 
were decreased with increasing 
bacterial treatment time. The burst 
index and breaking length were 
increased markedly, whereas tear index 
show a marginal improvement after 10 
and 20 days in addition, a decrease in 
tear index and brightness after 30 and 
40 days. The scanning electron 
microscope shows that; in a kraft 
bagasse hand sheet, fibers collapse 
well, bacterial treated hand sheet fibers 
emerged more woolly, looser, more 
regular and had more uniform fiber 
length than pulps produced with 
conventional method. The relative 
changes in the properties of hand sheet 
made from bacterial treated pulp 
followed by hydrogen peroxide 
bleaching were investigated. The 
results show that, an improvement in 
brightness takes place compared with 
control sample. The degree of 
polymerization of bacterial treated pulp 
was decreased with increasing 
theincubation time.
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