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ABSTRACT 

Lignin contained in pulping liquor that is generated 

during the pulping process for papermaking is a disposal 

problem for the pulp and paper industry because it causes 

a serious pollution and toxicity problem in aquatic 

ecosystems, owing to its low biodegradability and high 

range of color. Four bacterial strains were isolated from 

soil, water and activated sludge samples which were 

collected from the effluent treatment plant of Rakta Pulp 

and Paper Company, Eltabia, Alexandria, Egypt in sterile 

test tubes. After isolation and purification of the bacterial 

isolates, they were tested for the degradation of kraft lignin 

(KL) using sterile mineral salt medium (MSM) containing 

KL 1000 mg l–1 (designated hereafter L-MSM) and 

supplemented with 1.0% glucose and 0.5% peptone (w/v) 

added in L-MSM-broth and L-MSM-agar as growth 

supportive substrates and incubated for seven days under 

aerobic conditions at 30 °C and 120 rpm. Samples were 

withdrawn periodically at 1-day intervals for seven days 

and analysed for bacterium growth, reduction of color and 

residual KL content. The isolates were subjected to 16S 

rDNA sequence for identification. Partial sequence of 16S 

rDNA revealed that these isolates were Bacillus subtilis 

subsp. Subtilis, Citrobacter farmeri, Escherichia fergusonii 

and Stenotrophomonas rhizophila. The average reduction 

of color was 85.4, 70.1, 61.7 and 74.5 % and lignin 

degradation 71.4, 62.2, 54.5 and 57.1%, respectively. 

Key words: Biotechnology, Biodegradation, kraft 

lignin, 16S rDNA and bacteria 

INTRODUCTION 

Environmental pollution has been increased by 

increasing the industry development all over the world 

and especially in Egypt; increment of these pollution 

caused many hazards for all organisms, even for human 

such as carcinogenicity and toxicity. Also there has been 

increased pollution with hydrocarbon compounds. Many 

of these hydrocarbons considered to be a potential 

health hazard (Hassan et al., 2009). Historically, pulp 

and paper production has been recognized as a 

significant point source of pollution (Sun et al., 2004). It 

is the sixth largest polluter (after the oil, cement, leather, 

textile and steel industries), discharging a variety of 

gaseous, liquid and solid wastes into the environment 

which can cause considerable damage to the receiving 

waters if discharged untreated (Ali and Sreekrishnan, 

2001) and (Gürs Es et al., 2002). They block the 

passage of light to the lower depths of the aquatic 

system resulting in cessation of photosynthesis, leading 

to anaerobic conditions, which in turn result in the death 

of aquatic life causing foul smelling toxic waters 

(Chandralata et al., 2008).  

In order to manufacture good quality paper, the pulp 

and paper industry discards lignin as an unwanted 

constituent of wood and raw materials and therefore 

discharges a significant amount of effluent or 

wastewater containing lignin and other hazardous 

materials. Black liquor is one of the main byproducts 

discarded as waste which has a high level of chemical 

oxygen demand (COD) and contains lignin from 10 to 

50% by weight (Ksibi et al., 2003). If is not removed 

from the treated wastewater, the lignin presents a serious 

pollution and toxicity problem in aquatic ecosystems, 

owing to its low biodegradability and high range of 

color. 

For several decades, a number of methods for black 

liquor treatment have been developed, e.g., adsorption 

of organic pollutants from kraft pulp mill wastewater 

using activation carbon and polymer resin and chemical 

coagulation of lignin from pulp and paper wastewater 

using synthetic and natural coagulants. However, these 

processes are not very effective, but are costly. 

Furthermore, in these processes lignin compounds are 

not degraded, but are just transferred from a water-

soluble state into a solid state. Biological treatment is 

found to be more efficient, less costly than previous 

mentioned methods and has no hazard impact on the 

ambient environment. In biological treatment systems a 

wide variety of microorganisms including fungi, 
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actinomycetes and unicellular bacteria have been 

implicated in lignin biodegradation and decolourization 

of pulping effluent (Yang et al., 2007).  

Bacteria, in particular, deserve to be studied for 

ligninolytic potential because of their immense 

environmental adaptability and biochemical versatility. 

In addition the application of fungi in bioleaching of raw 

pulp is not feasible due to its structure hindrance caused 

by fungal filament .Several studies have investigated 

biological treatment of black liquor by using various 

pure bacterial strains.(Chandra et al., 2007).  

Increased knowledge about the environmental effects 

of industrial activities has led to a need for developing 

better techniques and more efficient waste management 

systems in order to reduce their environmental impact 

(Tiina et al., 2009). Therefore, the main objective of this 

study was to overcome the problems of contamination of 

water with paper manufacturing wastes (black liquor) 

using genetical and biotechnological methods. 

MATERIALS AND METHODS 

2.1- Samples collection: 

Soil, water and activated sludge samples were 

collected from the effluent treatment plant of Rakta Pulp 

and Paper Company, Eltabia, Alexandria, Egypt in 

sterile test tubes. The industry uses the kraft process for 

pulping of raw materials, mainly rice straw. 

Subsequently this pulp is bleached by multistage 

chlorination. The effluent generated by this process 

contain high concentrations of dissolved kraft Lignin 

(KL), chlorophenol and other soluble components of the 

raw material, which subsequently undergo activated 

sludge treatment after filtration of residual wood fibers. 

The sludge of the treatment plant remains rich with 

ligninolytic bacteria. Hence, water, soil and the activated 

sludge samples were collected for the isolation of 

potential ligninolytic bacteria. 

2.2- Media composition, bacterial isolation and 

screening: 

All chemicals used in this study were obtained from 

Sigma and Fisher Companies. Alkali Kraft Lignin (KL) 

degrading bacteria was isolated from water, soil and the 

effluent sludge by enrichment culture technique (Morii 

et al., 1995). 5 ml of sludge, 5 ml of contaminated water 

and 5 gm of soil sample separately were inoculated to 

100 ml sterile mineral salt medium (MSM) containing 

KL 500 mg l
–1

 (designated hereafter L-MSM). MSM 

(pH 7.6) consisted of (g l
–1

 de-ionized water): Na2HPO4, 

2.4; K2HPO4, 2.0; NH4NO3, 0.1; MgSO4, 0.01; CaCl2, 

0.01 and Trace elements solution 1.0 ml. The latter 

solution composed of (mg/l): ZnCl2, 70; MnCl2.4H2O, 

100; CoCl2.6H2O, 50; NiCl2.6H2O, 50; CuCl2.2H2O, 25; 

NaMoO4.2H2O, 50; NaSeO3.5H2O, 26; NaVO3.H2O, 10; 

NaWO4.2H2O, 30 and HCl 25%, 1.0 ml.  

The bacterial strains could not grow using KL as a 

single carbon source due to its high molecular weight. 

Therefore, through nutrient optimization process, 1.0% 

glucose and 0.5% peptone (w/v) were added in L-MSM-

broth and L-MSM-agar as growth supportive substrates. 

Flasks were incubated for 6 days on rotary shaker 120 

rpm under aerobic conditions at 30
 
°C. Samples from 

flasks exhibiting decolourisation were serially diluted 

and spread on L-MSM agar plates and incubated in dark 

at 30
o
C for 6 days. Four phenotypically different 

bacterial colonies were picked and purified by repeated 

sub-culture in order to obtain pure isolates. The purity of 

isolates was checked by microscope and these isolates 

were designated1, 2, 3 and 4. 

2.3- Bacterial isolates identification: 

2.3.1- DNA extraction and purification: 

Extraction and purification of total genomic DNA 

was carried out according to Leonard et al., 1986. Four 

isolates were routinely cultured at 30ºC on luria-Bertani 

(LB) medium. Bacterial cultures for DNA extraction 

were grown in broth at 30ºC.Total bacterial genomic 

DNA was extracted as follows: five ml of overnight 

cultured bacterial cells were centrifuged for 10 minutes 

at 10000 rpm (High-speed centrifuge sorvall RC 285, 

USA) subsequently, the resulted pellets were 

resuspended in 467 μl lyses buffer containing: 30μl of 

10% sodium dodicyl sulphate (SDS) and 3 μl proteinase 

K (20 mg /ml), mixed well and incubated for one hour at 

37 °C. The protein/DNA mixture was then subjected to 

phenol/chloroform extraction, and the upper aqueous 

phase was transferred to a new tube .Directly, for DNA 

precipitation an equal volume of absolute ethanol and 

1/10 volume sodium acetate (pH5.2) were added and 

incubated at -20 °C at least one hour .After 

centrifugation, the resulted pellets of DNA were washed 

twice with 70% ethanol then air dried, dissolved in 20 μl 

sterile distilled water, and stored at -20 °C until used. 

2.3.2- Sequence analysis of 16S r DNA genes: 

Though the 16S rRNA gene is found conserved on 

evolutionary scale, it is still diverse enough to identify 

and classify the eubacteria (Amman et al., 1995). 16S 

rRNA gene sequencing involves amplification of target 

sequences using universal primers to yield a 1.5 kb 

amplicon followed by sequencing and homology 

generation using ribosomal DNA database. 

The 16S rRNA gene was amplified using universal 

eubacterial primers (Narde et al., 2004). Polymerase 

chain reaction (PCR) reaction was performed using 

(eppendorff 9700 thermocycler) under the following 

conditions:  Initial denaturation at 94 °C (5 min), 35 
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cycles of denaturation at 94 °C (1 min), annealing at 57 

°C (1 min), extension at 72 °C (2 min), final extension at 

72 °C (10 min) and stored at 4 °C. Product was 

amplified using the universal primer (forward primer 5
\
-

AGAGT TTGATCMTGGCTCAG-3
\
 and reverse 

primer 5
\
-TACGGYTACCTTG TTACGACTT-3

\
). 

Reaction preparation: 

For each reaction the following reagents were added 

to a separate 0.2 ml PCR tube: 5 μl buffer 10x, 1 μl 

Template DNA, 2μl of forward & reverse universal 

Primers, 5μl dNTPs, 0.4μl (5units/μl) Taq Polymerase 

(Sigma), De-ionized water was added up to a total 

volume 50μl, then, the mixture was mixed well. 

2.3.3- Electrophoresis of the sequencing reaction: 

Two μl of loading dye were added prior to loading 

of 10μl per well. Electrophoresis was performed at 80 

volt (mini-sub DNA electrophoresis gel 170-4307 and 

power supply 1000/500 from Bio-Rad, USA) with 1x 

tris boric acid EDTA(TBE) buffer in 1.5% agarose gels 

and then the gel was stained in 0.5μg/ml (w/v) ethidium 

bromide solution and destained in deionized water. 

Finally the gel was visualized and photographed by 

using gel documentation system (Alpha Imager 

TM1220, Canada). Size of the target band was estimated 

using DNA marker (100 base-pair ladder). 

2.3.4- Sequencing alignments and phylogenetic 

analysis: 

Sequencing steps were performed at Gene Analysis 

unit, VACSERA. Cycle sequencing was done by using a 

Bigdye terminator cycle sequencing kit (Applied 

Biosystems, Foster City). Sequencing products were 

purified by using Centri-sep spin Column and were 

resolved on an applied Biosystems Model 310 

automated genetic analyzer. Approximately 1500 bp was 

sequenced and phylogenetic and molecular evolutionary 

analyses of the lignin degrading bacteria based on 16S 

rDNA gene were conducted using software MEGA ver. 

4 (Tamura et al., 2007). 

2.4- Kraft Lignin de-colourisation and degradation: 

Biodegradation experiment was carried out in 100 

ml flask containing 50 ml sterile L-MSM (1000 mg l
–1

 

KL) at pH 7.6, which is greater than that found in pulp 

mill effluent. Culture suspension 1% (v/v) having an 

inoculum size (CFU)/ml 105 * 10
4
 was inoculated into 

triplicate flasks. The inoculum was grown overnight in 

100-ml flasks containing 50 ml luria-Bertani (LB) broth. 

The flasks were incubated for seven days on rotary 

shaker incubator under aerobic conditions at 30
o
C and 

120 rpm. Uninoculated medium was used as control in 

all cases. Samples were withdrawn periodically at 1-day 

intervals for seven days and analysed for bacterium 

growth, reduction of colour and residual KL content. 

Analytical techniques: 

2.4.1- Bacterium growth: 

Cell growth was determined by measuring 

absorbance of inoculated sample at 620 nm (A620) on 

spectrophotometer (UV-visible Cintra 40-GBC) using 

uninoculated medium as blank. 

2.4.2- Colour reduction: 

The colour reduction of the effluent was determined 

according to (Morii et al., 1995). For the measurement 

of color, samples were centrifuged at 8000g for 30 min 

(High-speed centrifuge, sorvall RC 285, USA) to 

remove the biomass. Supernatant (1 ml) was diluted by 

adding 3 ml phosphate buffer (pH 7.6) and absorbance 

measured at 465 nm for colour reduction. The 

absorbance at 465 nm against distilled water was 

measured using a spectrophotometer (Shimadzu, UV-

2200). The absorbance values were then transformed 

into colour units (CU) according to the following 

formula. 

CU = 500 × (A2/A1) 

Where A1 corresponds to the A465 of a 500-CU 

platinumcobalt standard solution; and A2 is the 

absorbance of the effluent sample. The color removal 

(%) was defined as the ratio of CU of the culture 

supernatant to that of the initial medium. 

Colour removal % = (A-B)\A × 100 

Where A is colour units of uninoculated sample and 

B is colour units of inoculated sample. 

2.4.3- Lignin content: 

For the estimation of residual lignin, centrifuged 

supernatants from control and inoculated were acidified 

with 12 M HCl to pH 1–2 and then centrifuged at 

12,000g for 10 min. Residual KL was obtained after 

each precipitate had been washed with de-ionised water 

and dried at 60
 
°C for 48 h and weighed (Anthony et al., 

1986). Kraft lignin loss (%) in the supernatants 

decolourised by the strain was determined daily for 

seven days as dry weight (estimating 100% as the KL 

present in the same volume of uninoculated medium). 

All experiments were carried out in triplicates. The 

values are presented as mean ± standard deviation (n = 

3). 

RESULTS AND DISCUSSION 

3.1- Bacterial isolation and screening: 

In order to obtain the largest possible collection of 

lignin-degrading bacteria soil, water and pulp paper 

sludge were added directly to L-MSM as the source of 

ligninolytic bacteria with the medium containing glucose 

and peptone as additional carbon and nitrogen sources 

to stimulate bacterial growth and hence the 

decolourization of KL was observed. Vicuna (1988) also 
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reported that, as glucose and nitrogen were essential as 

co-substrate in media to promote bacterial growth for 

degradation of lignin. After incubation for 7 days when 

samples in flasks showed visible decolourization were 

plated on L-MSM agar, four bacterial isolates were 

selected for detail characterisation and biodegradation 

assay on the basis of their growth on tested lignin 

concentration (1000 mg l
-1

), colour reduction and lignin 

degradation. 

3.2- Bacterial isolates identification: 

3.2.1- Sequencing alignments and phylogenetic 

analysis: 

The selected isolates were identified by partial 

sequencing of the PCR amplified 16S rDNA gene. The 

obtained sequences were submitted to the BLAST in 

order to find a homology with other 16S rDNA 

sequences. Comparing the sequence of the 16S rDNA 

gene of the isolates with the sequences in Gendata Bank 

(http://www.ncbi.nlm.nih.gov/) revealed that the isolates 

were similar to Bacillus subtilis subsp. Subtilis, 

Citrobacter farmeri, Escherichia fergusonii and 

Stenotrophomonas rhizophila with similarity as shown 

in table 1 and Figure 1. 

Table 1. Similarity percentage of 16S rDNA sequences for the selected isolates    compared 

to those obtained from database 
Isolate Organism Identity (%) Accession NO. 

Bacillus subtilis subsp. 

Subtilis 

Bacillus subtilis subsp. subtilis strain DSM 10 

Bacillus vallismortis strain DSM11031 

98 

98 

NR027552 

NR024696 

Citrobacter farmeri 
Citrobacter farmeri strain CDC 2991-81 

Salmonella enterica subsp. indica 

98 

97 

NR024861 

NR044370 

Escherichia fergusonii 
Escherichia fergusonii ATCC 35469 

Escherichia albertii strain Albert 19982 

94 

94 

NR027549 

NR025569 

Stenotrophomonas rhizophila 
Stenotrophomonas rhizophila strain e-p10 

Xanthomonas oryzae strain LMG 5047 

86 

87 

NR028930 

NR026319 

 

 
Fig. 1. Phylogenetic tree of Bacillus subtilis subsp. Subtilis, Citrobacter farmeri, Escherichia 

fergusonii, and Stenotrophomonas rhizophila strains and their related genera have been 

linked based on partial 16S rDNA sequence comparisons 

http://www.ncbi.nlm.nih.gov/nucleotide/228716557?report=genbank&log$=nucltop&blast_rank=1&RID=BURT85RD01S
http://www.ncbi.nlm.nih.gov/nucleotide/219856877?report=genbank&log$=nucltop&blast_rank=2&RID=BURT85RD01S
http://www.ncbi.nlm.nih.gov/nucleotide/219857233?report=genbank&log$=nucltop&blast_rank=1&RID=BUS1BFCA01S
http://www.ncbi.nlm.nih.gov/nucleotide/343205885?report=genbank&log$=nucltop&blast_rank=2&RID=BUS1BFCA01S
http://www.ncbi.nlm.nih.gov/nucleotide/228716249?report=genbank&log$=nucltop&blast_rank=1&RID=BUS4V2D201S
http://www.ncbi.nlm.nih.gov/nucleotide/219878430?report=genbank&log$=nucltop&blast_rank=2&RID=BUS4V2D201S
http://www.ncbi.nlm.nih.gov/nucleotide/265678625?report=genbank&log$=nucltop&blast_rank=1&RID=BUSD6BFJ01N
http://www.ncbi.nlm.nih.gov/nucleotide/219846727?report=genbank&log$=nucltop&blast_rank=2&RID=BUSD6BFJ01N
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The phylogeny of the bacterial strains and closely 

related species was analysed using the multi-sequence 

alignment program and the results are presented in Fig. 

1. The phylogenetic tree displayed that the four strains 

were grouped in two clusters, the first cluster is divided 

into two sub-clusters one of them includes strain 

Stenotrophomonas rhizophila. The other cluster 

includes the remaining three strains and divided into two 

sub clusters, one of these sub clusters contain two 

strains, Bacillus subtilis subsp. Subtilis and Citrobacter 

farmeri. The remained strain Escherichia fergusonii was 

found in the other sub cluster. 

3.3- Kraft Lignin de-colourization and degradation: 

When the decolourization assay was carried out in 

(L-MSM), pH 7.6 in shaked flasks at 30 °C, a marked 

increase in optical density (OD) growth at 620 nm 

revealed that growth reached maximum at 4
th

 d for the 

four isolates and thereafter declined (Fig. 2). However 

there was less reduction of colour, lignin and total 

substrate present in the culture media of flask at initial 

48 h incubation as shown in Figs. 3 and 4, possibly 

because bacteria initially utilized glucose for growth and 

subsequently utilized lignin as a co-metabolite (Jeffries 

et al., 1981) after that, there were greater colour and 

lignin reduction (Figs. 3 and 4). The colour reduction 

and lignin degradation reached a maximum by 5
th

 day 

for Bacillus subtilis subsp. Subtilis (85.4%, 71.4%), and 

Citrobacter farmeri (74.5%, 62.2%) and by 6
th

 day for 

Escherichia fergusonii (61.7%, 54.5%), and 

Stenotrophomonas rhizophila (70.1%, 57.1%), 

respectively. The reduction of colour resulting from 

lignin biodegradation has been assumed to be due to 

depolymerisation of lignin polymers by bacterial 

ligninolytic systems (Perestelo et al., 1989). 

 

 

Fig. 2. The relation between incubation time (days) and the growth (optical density) of 

Bacillus subtilis subsp. Subtilis, Citrobacter farmeri, Escherichia fergusonii, and 

Stenotrophomonas rhizophila strains 
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Fig. 3. The relation between incubation time (days) and the alkali lignin colour reduction 

(%) of Bacillus subtilis subsp. Subtilis, Citrobacter farmeri, Escherichia fergusonii, and 

Stenotrophomonas rhizophila strains 

 

 

Fig. 4. The relation between incubation time (days) and the alkali lignin degradation rate 

(%) of Bacillus subtilis subsp. Subtilis, Citrobacter farmeri, Escherichia fergusonii, and 

Stenotrophomonas rhizophila strains 
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 امللخص العريب

بواسطة عزالت ( اللجنني)استخدام التكنولوجيا احليوية ىف التكسري احليوى ملخلفات صناعة الورق 
 بكتريية مصرية

دمحمالسيد عبدهللا , عمرو عبداملعطى سامية عبد هللا، ,حسن عبدالسالم, أشجان ابوجبل

ية ملا حتتويه من خملفات مصانع الورق من اكرب امللواثت البيئتعترب 
تركيزات عالية من اللجنني والذى يؤدى صرفه ىف الرتع واملصارف 
الرئيسية دون معاجلة اىل حدوث تلوث ومسية للمياه والكائنات احلية 

 مامـنا زاد اإلهتـومن ه. وذلك لصعوبة حتلله, املوجودة ىف هذه املياه
خدام مواد  وكان يتم معاجلتها من قبل ابست, مبعاجلة هذه املخلفات

لذلك بدء اللجوء حديثا اىل , كيميائية مما يؤدى اىل مشاكل بيئية اكرب
استخدام كائنات حية دقيقة ىف عملية املعاجلة بدال من املواد 

ومن اهم هذه . الكيميائية فهى اكثر كفاءة كما اهنا غري ضارة ابلبيئة
الكائنات الدقيقة هى البكترياي لقدرهتا على املعيشة ىف بيئات متعددة 
وحتت ظروف خمتلفة وقدرهتا االعلى على تكسري هذه املخلفات 

 .ومعاجلتها
يهدف البحث احلاىل إىل استخدام الطرق الوراثية والتكنولوجيا و  

درات متزايدة إستحداث سالالت بكتريية هلا قلعزل و  احليوية احلديثة
مبخلفات مصانع الورق عن التلوث  ةالناجتتكسري املواد الضارة على 

حيث تقوم هذه الكائنات الدقيقة ابلتحطيم احليوى للمركبات 
والىت  اهليدروكربونية طويلة السلسة والىت تعترب من اهم امللواثت البيئية

 .جيب التخلص منها بطرق آمنة
 واملياه  الرتبة  من عينات  ع مج الدراسة  هذه  خالل  وقد مت 

وخملفات صناعة الورق من شركة راكتا لصناعة الورق ابالسكندرية 
 .لعزل السالالت البكتريية منها واجراء الدراسة عليها

وتتلخص النتائج الىت مت التوصل إليها ىف هذا البحث ىف النقاط 
 :التالية
لجنـني املوجـود عزل أربع سالالت بكتريية هلا القدرة على تكسري ال -1

 .ىف خملفات صناعة الورق

عـــزل احلـــامو النـــووى الديؤكســـى ريبـــوزى مـــن الســـالالت ا ربعـــة  -2
ومت التعــرف عليهــا مــن خــالل 16S rDNAلتعريفهــا ابســتخدام الـــ 
 بنك اجلينات على أهنا

Bacillus subtilis subsp. Subtilis, Citrobacter farmeri, 

Escherichia fergusonii and Stenotrophomonas 

rhizophila. 

مت اختبـــار قـــدرة الســـالالت ا ربعـــة علـــى تكســـري اللجنـــني وذلــــك  -3
ــــة  ــــون اللجنــــني وكمي ابختبــــار قــــدرهتا علــــى النمــــو ونســــبة اختــــزال ل
اللجنــني املتبقيــة ىف البيئــة ال ذائيــة كمؤشــر ملعــدالت تكســريه حيــث 
وجـــــد أن نســـــبة اختـــــزال اللـــــون بواســـــطة ا ربـــــع ســـــالالت كانـــــت 

وكانت نسبة , على التواىل%  04.8, 11.0,  07.1, 58.4
            , 84.8, 12.2, 01.4اللجنــــــــــــــــــــــني الــــــــــــــــــــــىت مت تكســــــــــــــــــــــريها 

 .                                                              على التواىل%  80.1
 

 

 

 

 

 


