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ABSTRACT
Aromatic compounds are widely distributed in nature and free phenols are frequently liberated as
metabolic intermediates during the degradation of plant materials. In recent years the natural supply of
phenolic substances has been greatly increased due to the release of industrial byproducts into the
environment. Effluents from petrochemical, textile and coal industries contain phenolic compounds in
very high concentration; therefore there is a necessity to remove phenolic compounds from the
environment. Among various techniques available for removal of phenols, biodegradation is an
environment friendly and cost effective method. The efficiency of biodegradation of organic compounds
is influenced by the type of the organic pollutant, the nature of the organism, the enzyme involved, the
mechanism of degradation and the nature of the influencing factors. This also depends on aerobic and
anaerobic conditions. Under aerobic conditions, degradation of phenol was shown to be initiated by
oxygenation into catechols as intermediates followed by a ring cleavage at either the ortho or meta
position, depending on the type of strain. Aerobically, phenol is first converted to catechol, and
subsequently, the catechol is degraded via ortho or meta fission to intermediates of central metabolism.
This paper describes about the various sources of phenol, various microorganisms involved in the
biodegradation including aerobe and anaerobe, effect of environmental parameters on phenol degradation
and kinetic analysis of biodegradation.
Key words: Phenol, Aerobic and Anaerobic biodegradation, Microorganisms, Reactors, Ortho and Meta
pathway, Microbial metabolism.

INTRODUCTION
Environmental
pollution
is
considered as a side effect of modern
industrial society. With the immense growth
of industries major problem is encountered
as contamination of the environment with
hazardous and toxic chemicals. Phenolics,
one of the major pollutants, are discharged
in the waste water from the various
industries such as phenol resin and
pharmaceutical, oil refineries, petrochemical
plants, ceramic plants, steel plants, and coal

conversion processes. Phenol and its
derivatives is the basic structural unit in a
wide variety of synthetic organic
compounds. [1] Phenol and its higher
homology
are
aromatic
molecules
containing hydroxyl group attached to the
benzene ring structure.
The origin of phenol in the
environment is both industrial and natural.
Phenol pollution is associated with pulp and
paper mills, coal mines, refineries, wood
preservation, plants and various chemicals
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industries as well as their wastewaters. Due
to their high inhibitory and antibacterial
activity, phenols may create problems in the
operation of biological treatment plants.
They also add odour to drinking and food
processing water and have mutagenic and
carcinogenic effects. [2]
Biological processes using microbial
systems provide an alternative to the
existing physical/ chemical technologies
(expensive and commercially unattractive)
because they are more cost-effective,
environment friendly and do not produce
large quantities of sludge. [3] Number of
microorganisms can utilize phenol under
aerobic conditions as source of carbon and
energy. Biodegradation is used to describe
the complete mineralization of the starting
compound to simpler ones like CO2, H2O,
NO3 and other inorganic compounds.
Due to the toxic properties, including
permeabilisation of cellular membranes and
cytoplasm
coagulation,
phenolic
contaminants can damage sensitive cells and
cause profound health and environmental
problems. [4] The World Health Organization
has limited phenol concentration in the
water to 1 mg/L Toxicity of phenolic
compounds inhibits biological treatment or
even eliminates sensitive micro-organisms
from biological wastewater treatment
process and significantly reduces the
biodegradation of the other components. The
presence of phenol in water imparts carbolic
odor to receiving water bodies and can cause
toxic effects on aquatic flora and fauna.
Hence, it is necessary to remove phenol
from industrial effluents before discharging
them into the environment. Many
technologies exist for the treatment of
phenols, but their use is limited due to the
fear of creating toxic intermediates
particularly from non-biological process.
Many aerobic bacteria have been confirmed
to use aromatic compounds as the sole
source of carbon and energy [5] which

suggests using phenol as nutrient to the
organism and thereby converts phenol to
nontoxic component. The biological
treatment of industrial wastewaters usually
depends upon the oxidative activities of
microorganisms. Filamentous fungi can be
an important source of phenol-degrading
species as they grow frequently in wood
where phenolic structures are present.
Nevertheless filamentous fungi are not
frequently used due to difficulties in their
cultivation in liquid media and their slow
growth rate in comparison with most of the
other microbial species.
Mechanism of biodegradation
Biodegradation is the process of
decaying or reduction of different organic
materials and toxic metals to their non toxic
form with the help of microorganisms. In
this process complete mineralization of the
starting compound to simpler ones like CO2,
H2O, NO3 and other inorganic compounds
takes place. Biodegradation is a microbial
process in which nutrients and physical
conditions
plays
important
role.
Temperature and pH are the important
physical variables and carbon, nitrogen,
oxygen, phosphorus, sulfur, calcium,
magnesium, and several metals are the
micronutrients that also show a significant
impact on degradation behavior is reported.
[6]

Most of the efficient phenol
degrading microorganisms are capable of
using phenol as the sole source of carbon
and energy for their growth and metabolism.
Microorganisms capable of degrading
phenol do so with the action of a variety of
enzymes. They first convert Phenol to
catechol with the help of hydroxylase
enzyme. Catechol is then degraded to its
intermediates via ortho or meta cleavage
with the help of another set of enzymes. The
enzyme catechol 2, 3 dioxygenase cu cuts
the benzene ring of catechol at the meta
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position and the enzyme catechol 1, 2
dioxygenase cuts the benzene ring at the
ortho position. The intermediates released
trough ortho and meta cleavage are finally
consumed by the microbes with the help of
various enzymes through the TCA cycle
resulting in CO2, metabolites and energy. [7]
Because of widespread occurrence of
phenol
in
the environment many
microorganisms utilizes phenol as the sole
carbon and energy source which includes
both aerobic and anaerobic microorganisms.
They produce several enzymes like
Polyphenol
oxidase,
Catechol
2,3
dioxygenase, Laccase, Peroxidase ,Horse
radish peroxidase , Tyrosinase , Catechol
1,2oxygenase
etc.The
major
micro
organisms are bacteria ( Alcaligenes,
Arthrobacter,
Pseudomonas,
Cyanobacterium , Bacillus) fungi( Candida,
Fusarium , Graphium, Ochromonas,
Aspergillus) and yeast( Phanerochaete,
Rhodococus, Rhodotorula, Sphigmonas,
Trichosporon). [8]
Aerobic biodegradation of phenol
In microbial degradation of phenol
under aerobic conditions, the degradation is
initiated by oxygenation in which the
aromatic ring is initially monohydroxylated
by a mono oxygenase phenol hydroxylase at
a position ortho to the pre-existing hydroxyl
group to form catechol. This is the main
intermediate resulting from metabolism of
phenol by different microbial strains.
Depending on the type of strain, the catechol
then undergoes a ring cleavage that can
occur either at the ortho position thus
initiating the ortho pathway that leads to the
formation of succinyl Co-A and acetyl Co-A
or at the meta position thus initiating the
meta pathway that leads to the formation of
pyruvate and acetaldehyde. A report
described the biodegradation or metabolism
of phenol by Pseudomonas putida,

Pseudomonas
cepacia,
Pseudomonas
picketti and Alcaligene
deutrophus via the meta cleavage pathway,
[9]
while another report described the
biodegradation of phenol by Trichosporon
cutaneum,
Rhodotorula
rubura
and
Acinetobacter calcoacetium respectively via
the ortho cleavage pathway. [5]
The meta cleavage pathway is one of
the method for the biodegradation of phenol.
[10]
The
mono
oxygenase
phenol
hydroxylase of the Trichosporon cutaneum,
Pseudomonas pickett, Bacillus stearo
thermo phylus BR219 and some species of
acinetobacter
and
alcaligenes
are
monocomponent flavoproteins [11] while the
mono oxygenase phenol hydroxylase of
pseudomonas CF600 and Acinetobacter
radioresistens are multicomponent proteins.
[12]
Multicomponent aromatic mono
oxygenases contain at least two components.
The former is an oligomeric protein while
the latter is a monomeric iron transfer
flavoprotein. In fact, the three-component
toluene
dioxygenase
(TDO)
from
Pseudomonas putida uses dioxygenation
followed by water elimination to convert
phenol to catechol. [13]
Anaerobic biodegradation of phenol
Phenol can also be degraded in the
absence of oxygen and it is less advanced
than the aerobic process.In this pathway
phenol is carboxylated in the para position
to 4 hydroxybenzoate which isthe first step
in the anaerobic pathway. [14] Here the
enzyme involved is the 4-hydroxy benezoate
carboxylase. The anaerobic degradation of
several other aromatic compounds has been
shown to include a carboxylation reaction.
Carboxylation of the aromatic ring in para
position to the hydroxygroup of o-cresol
resulting in 3-methyl 4-hydroxybenzoate has
been reported for a denitrifying Paracoccus
like organisms, as well as ethogenic
consortium was later shown to travel a
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variety of phenolic compounds including ocresol, catechol and ortho halogenated
phenols via paracarboxylation followed by
dehydroxylation. [10] The organisms capable
of degrading phenol under anaerobic
conditions were Thauera aromatica and
Desulphobacterium phenolicum.
The
intermediates
in
the
biodegradation of phenol are benzoate,
catechol, cis, cis- muconate, β-ketoadipate,
succinate and acetate. [15] Phenol
degradation by microbial pure and mixed
cultures has been actively studied .Most
studies on phenol degradation have been
carried out with bacteria mainly from the
Pseudomonas genus. Phenol may be
degraded in its free form as well as after
adsorption onto soil or sediment, although
the presence of sorbent reduces the rate of
biodegradation. When phenol is the only
carbon source, it can be degraded in a biofilm
with
first-order
kinetics
at
concentrations below 20μg/L at 10ºC. The
first-order rates constant are 3 to 30 times
higher than those of easily degraded organic
compounds and 100-1000 fold at higher
concentrations. The phenol degradation rates
suggest rapid aerobic degradation in sewage
(typically 905 with an 8 h retention time),
soil (typically complete biodegradation in 25
days),
fresh
water
(typically
biodegradation in <1 day), and sea water
(typically 50% in 9 days). [16] Anaerobic
biodegradation is slower. In bacteria,
aromatic compounds are converted to few
substrates: catechol, protocatechuate and
more rarely gentisate.
Various Microorganisms Involved In
Phenol Degradation
Phenol, an aromatic hydrocarbon is
degraded by various microorganisms, which
utilizes phenol as the sole carbon source for
the growth of the organisms. Among the
various
microorganisms
Pseudomonas
putida is the most popular organism for the

degradation of phenol as this species uses
phenol as the carbon source. It has been
reported that the Pseudomonas species
follows a typical meta cleavage pathway for
metabolizing phenol at relatively low
concentrations. [17] A number of both aerobic
and
anaerobic
phenol
degrading
microorganisms have been isolated and
characterized, although microorganisms
capable of aerobic phenol degradation were
described as early as 1908. In addition to
bacteria, fungi are known for their diversity
and remarkable ability to degrade phenolic
compounds. In contrast to bacteria, fungi are
able to extend the location of their biomass
through hyphal growth. They are able to
grow under environmentally stressed
conditions such as low nutrient availability,
low water activity and at low pH values
where bacterial growth might be limited
.Trichosporon cutaneum, Candida species,
Rhodotorula species were able to utilize
phenol as sole source of carbon and energy
[18]
Fusarium flocciferum [19] white rot fungi
[20]
Phanerochaete chrysosporium [21,22] have
also been shown to metabolize phenols. In
few reports of phenol degradation the
diauxic growth is noted during the
sequential degradation of 4-methylphenol.
[23]

Recent studies indicate that the 4chlorophenol, 4-nitrophenol and phenol
cause adaptive effects in the membrane of
Aspergillus chlorophenolicus. Degradation
of monochlorophenols as sole source of
carbon in aerobic batch culture has been
examined by mixed microbial community.
The
influences
of
supplementary
conventional carbon source on enhancing
the biotransformation rates of phenol as the
primary substrate and 4-chlorophenol as a
non growth substrate has been studied by
medium augmentation with conventional
carbon sources. Parameters such as pollutant
concentrations,
viable
biomass,
concentrations, existence of inhibitor,
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temperature, pH, microbial completion and
microbial adaptation are the most important
parameters that affect phenol biodegradation
rate depends on the period in which the
culture was adapted to phenol.
Kinetics of Degradation of Phenol
Phenol is not easily biodegradable
and inhibits the innate activity of most types
of microorganisms at higher and lower
concentrations. Moreover the contributions
to total biodegradation efficiency in mixed
autochthonic flora cannot be well described.
Therefore metabolic and kinetics studies of
pure or exactly defined mixed cultures is
necessary for estimating the kinetic
parameter of growth and modeling
bioprocess running in a suitable type of
bioreactor, besides this the performance of
biological treatment systems is largely
depend on the fundamental understanding of
toxic substrate utilization which is essential
for defining operational conditions for
effective removed compounds during
wastewater purification. A variety of factors
are known to influence the kinetics of
microorganisms including temperature, pH,
availability of dissolved oxygen and toxic
strength.
Effect of pH
The internal environment of all living cell is
believed to be approximately neutral. Most
organisms cannot tolerate pH values below
4.0 or above 9.0. [24] At low (4.0) or high
(9.0) pH values acids or bases can penetrate
into cells more easily, because they tend to
exist in undissociated form under these
conditions and electrostatic force cannot
prevent them from entering cells .The
optimum for phenol degradation is 7.0 for
Pseudomonas putida NICM 2174. [25]
Effect of temperature
Temperature plays an important role
than nutrient availability in the degradation
of organic pollutants. Various studies proved
that phenol biodegradation was significantly

inhibited at 30°C. [26] However, most
laboratory studies on phenol degradation
have been carried out at an optimum
temperature of 30°C and also described that
when the temperature increased from 30°C
to 34°C no phenol degradation was observed
due to cell decay, which shows that the
phenol degradation is a temperature
dependent process. [27] Growth rates in
general roughly double for each 10°C rise in
temperature within the usual mesophilic
operational range from 10 to 30°C. Growth
rates generally do not change between 35°C
and 40°C, but denaturation of proteins at
higher temperatures slows growth rates for
mesophiles. [28] However, different mixed
cultures
adapted
to
thermophilic
temperatures have optimum temperatures
range of 55 to 65°C. Thermophiles do not
function well
at
the intermediate
temperature of 40 to 45°C as mesophilic
organisms. Thus, one must make the
decision to operate at the lower mesophilic
range with an optimum temperature of
around 35°C or in the thermophilic range
with a temperature optimum of 55 to 60°C.
Effect of additional carbon sources on
phenol degradation
Biological degradation of phenol has
been studied using various pure and mixed
cultures. Several studies have been carried
out with the Pseudomonas putida in pure
cultures [29] in which, phenolics degraded via
the meta-pathway. [30] However it has been
found that these bacteria suffer from
substrate inhibition, whereby growth and
consequently phenol degradation is inhibited
at high phenol concentrations. [31] Various
methods have been proposed to overcome
substrate inhibition in order to treat high
strength phenolic wastewater. These include
adapting the cells to higher phenol
concentration immobilization of the cells
and
using
genetically
engineered
microorganisms. Another possible method
increasing the tolerance of the cells to
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substrate inhibition is to supplement the
growth medium with conventional carbon
sources, such as yeast extract or glucose. It
has also been noted that the presence of
yeast extract enhanced the affinity of
Pseudomonas putida for phenol. [32]
It was found that the presence of
glucose attenuated the rate of phenol
removal by phenol consuming cells. [33]
Studies on Pseudomonas aeruginosa with
peptone and glucose as additional nutrients
showed highest phenol degradation. The rate
of phenol degradation was improved when
peptone was supplemented at the
concentration between 0.25 and 1.0 g/L,
with an optimum of 0.25 g/L. Peptone at low
concentration influence the rate of
degradation; however above 1.0 g/L peptone
was inhibitory. Similar studies showed that
the addition of non-toxic compounds may
stimulate the viability of cells and enhance
degradation. [34] It was proposed that the
presence of a more metabolisable carbon
source permitted more rapid growth and the
activity of the phenol degradation pathway
was suppressed in order to quicken biomass
acclimation to glucose as the alternate
carbon source. [35]
Effect of dissolved oxygen concentration
Aerobic microorganisms utilize
oxygen primarily as the terminal electron
acceptor for aerobic respiration. In addition,
molecular oxygen is required as a co
substrate for the microbial degradation of
wide variety of organic chemicals; including
hydrocarbons and aromatic ring compounds.
The dissolved oxygen (DO) level is the key
factor which decides the rate of degradation
of the organic load in aerobic growth
conditions. Much of the work on the effects
of dissolved oxygen concentration has been
concerned with its effects on microbial
growth and respiration rate In general;
bacterial respiration does not appear to be
affected above a critical dissolved oxygen
concentration. The critical dissolved oxygen

concentration has been defined as the
concentration at which the respiration rate of
the cells is one-half of the maximum rate
observed at saturating levels; it is generally
lower for dispersed cultures than for
flocculant cultures.
Phenol degradation by immobilized cells
Phenol biodegradation has been
studied in detail using pure and mixed
cultures of suspended bacteria. However, at
high concentrations of phenol inhibits
microbial growth. [31] Several strategies have
been proposed to overcome substrate
inhibition. These include cell acclimation to
higher concentrations of phenol, [36] the use
of genetically engineered microorganisms
and cell immobilization. The entrapment of
biological agents in a gel matrix, [37] is quite
effective, but several factors affect the
specific activity of the immobilized
biocatalyst when compared with free cells in
on is an effective way to maintain
continuous substrate degradation with
concomitant cell growth for the treatment of
toxic materials. In comparison with the
suspension cells include the retention of
microorganisms in the reactor and hence
protections of cells against toxic substance
are studied. [20] For the purpose of the
immobilization techniques other than
Pseudomonas putida species, various yeast
are also used such as Trichosporan species
and Candida species which can degrade
high levels of phenol or phenolic
compounds. [38]
Immobilized
cells
offer
the
possibility
of
degrading
higher
concentrations of toxic pollutants than can
be achieved with free cells. It has been
shown by several workers that immobilized
microorganisms are better protected against
phenolic compounds than are free cells. [39]
The efficiency of the phenol degradation
could be further enhanced by the process of
cell immobilization. Alginates represent
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however several advantages such as high
porosity and chemical stability with a mild,
fast, simple and low cost immobilization
method.
CONCLUSION
Degradation of phenol and related
phenolic
compounds
using
various
microorganisms has been the topic of
scientific interest for a number of decades. A
large number of natural and synthetic
organic compounds are biodegradable by
microorganisms as part of their normal
metabolism for energy and growth. A
portion of the organic material, serving as a
primary electron and energy source, is
converted to oxidized end products through
oxidation/reduction reactions. The other
portion of the organic carbon is synthesized
into cellular material. Such conversions can
take place in aerobic environments, in which
oxygen serve as the terminal electron
acceptor. They also occur in anaerobic
environment, in which nitrate, sulfate,
carbon dioxide, other oxidized inorganic
elements, or the organic compounds
themselves serve as electron acceptors.
Biological processes using microbial
systems provide an alternative to the
existing physical/ chemical technologies
because they are more cost-effective,
environment friendly and do not produce
large quantities of sludge. Biodegradation is
used to describe the complete mineralization
of the starting compound to simpler ones
like CO2, H2O, NO3 and other inorganic
compounds. Practical application of
microorganisms for the degradation of
phenol presently use almost exclusively for
treatment of industrial sewage, both pure
and mixed cultures of microorganisms and
immobilization of cells by using various
reactors opens interesting prospects for
phenol degradation.

REFERENCES
1. Annadurai G, Rajesh Babu S, Mahesh
KPO, Murugesant T. Adsorption and
biodegradation ofphenol by chitosanimmobilized
Pseudomonas
putida
(NICM 2174). Bio process Eng. 22,
2000; 493-501.
2. Bolaños RML, Varesche MBA, Zaiat
M, Foresti E. Phenol degradation in
horizontal-flow anaerobicimmobilized
biomass
(HAIB)
reactor
under
mesophilic conditions. Water Sci.
Technol. 44. 2001; 167-174.
3. Kariminiaae-Hamedaani, Sakurai A,
Sakakibara M. Decolorization of
synthetic dyes by a new manganese
peroxidase-producing white rot fungus.
Dyes. Pigments. 72. 2007; 157–162.
4. Tziotzios G, Teliou M, Kaltsouni V,
Lyberatos G, Vayenas DV. Biological
phenol removal using suspended growth
and packed bed reactors. Biochem. Eng.
J. 26(1). 2005; 65-71.
5. Paller G, Hommel RK, Kleber HP.
Phenol degradation by Acinetobacter
calcoaceticus NCIB 8250. J. Basic.
Microbiol. 35. 1995; p.325- 335.
6. Basha KM, Rajendran A, Thangavelu V.
Kinetics and optimization studies on
biodegradation
of
phenol
using
Pseudomonas putida, Biochemical
Engineering Laboratory, Department of
Chemical
Engineering, Annamalai
University, Tamilnadu, India, 2008
7. Nair C, Jayachandran K, Shashidhar S.
Biodegradation of phenol. Afri. J.
Biotechnol., 7 (25). 2008; 4951-4958.
8. Tibbles BJ, Baecker AAW. Effects and
fate of phenol in simulated landfill sites.
Microb. Ecol. 17 (2). 1989 a; 210-206.
9. Leonard D, Lindely ND. Growth of
Ralstoni eutropha on inhibitory
concentrations of phenol- diminished
growth can be attributed to hydrophobic
perturbation of phenol hydroxylase
activity.
Enzyme
Microbiology
Technology, 25. 1998; 271-277.
10. Nelson
MJK, Montgomery SO,
Mahaffey
WR,
Pritchard
PH.
Biodegradation of trichloro ethylene and

International Journal of Research & Review (www.gkpublication.in)
Vol.2; Issue: 2; February 2015

52

11.

12.

13.

14.

15.

16.

17.

18.

19.

involvement
of
an
aromatic
biodegradative path way. Appl. Environ.
Microbiol. 53.1987; 949- 954.
Kim NW, Armstrong ME. A
comprehensive study on the biological
treatabilities of phenol and methanol II.
The effects of temperature, pH, salinity
and nutrients. Water Res., 15. 1981;
1233-1247.
Shingler V. Molecular and regulatory
checkpoints in phenol degradation by
Pseudomonas sp. CP600. In: Nakazawa,
T., Furukawa, K., Haas, D. and Silver,
S. (eds.) Molecular biology of
Pseudomonads. Am. Soc. Micorbiol.
Washington, D.C. 1996; 153-164.
Spain JC, Gibson DT. Oxidation of
substituted phenols by Pseudomonas
putida F1 and Pseudomonas sp. Strain
JS6.
Applied
Environmental
Microbiology. 1988; 1399-1404.
Williams RJ, Evans WC. The
metabolism of Benzoate by Moraxella
sp.
through
Anaerobic
Nitrate
Respiration. Biochem. J., 148. 1975; 110.
Knoll G, Winter J. Anaerobic
degradation of phenol in sewage sludge:
benzoate formation from phenol and
carbon dioxide in the presence of
hydrogen. Appl. Microbiol. Biotechnol.
25 (4). 1987; 384-391.
Howard PH.
Micro Organisms.
Handbook of environmental fate and
exposure data for organic chemicals.
Chelsea, Michigan, Lewis Publishers. 1.
1989; 468-476.
Vladimir Bales, Monika Antosova.
Mathematical
and
experimental
modeling of phenol degradation in airlift bioreactor. Environ. Engg and
Policy, 1. 1999; 209-216.
Martin Hofrichter, Thomas Gunther,
Wolfgang Fritsche. Metabolism of
phenol, chloro- and nitrophenols by the
Penicillium strain Bi 7/2 isolated from a
contaminated soil. Biodegradation, 3.
1992; 415-421.
Hossein Nikakhtari, Gordon AH.
Continuous bioremediation of phenol-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

polluted air in an external loop airlift
bioreactor with a packed bed. J. Chem.
Technol. Biotechnol., 81. 2006; 10291038.
Valli K, Gold MH. Degradation of 2, 4dichlorophenol by the lignin-degrading
fungus Phanerochaetechrysosporium. J.
Bacteriol., 173. 1991; 345-352.
Kennes C, Lema JM. Simultaneous
biodegradation of p-cresol and phenol
by the basidiomycete Phanerochaete
chrysosporium. J. Ind. Microbiol., 13.
1994; 311-314.
Basha KM, Rajendran A, Thangavelu V.
Recent advances in the Biodegradation
of Phenol: A review. Asian J. Exp. Biol.
Sci., 1 (2). 2010; 219-234
Anselmo AM, Novais JM. Isolation and
selection
of
phenol
degrading
microorganisms from an industrial
effluent. Biotechnol. lett., 9. 1984; p.
601-606.
Kim CJ, Maier WJ. Acclimation and
biodegradation of chlorinated aromatics
in the presence of alternate substrates. J.
Water Poll. Control. 58. 1986; 157-164.
Annadurai G, Juang RS, Lee DJ.
Microbiological degradation of phenol
using mixed liquors of Pseudomonas
putida and activated sludge. Waste
Manage., 22. 2002; 703-710.
Pakula A, Bieszkiewicz E, Boszczyk
Maleszak
H,
Mycielski
R.
Biodegradation of phenol by bacterial
strains
from
petroleum
refining
wastewater purification plant. Acta
Microbiol Pol., 48. 3. 1999; 73-380.
Annadurai G, Mathalai Balan S,
Murugesan T. Box-Behnken design in
the development of optimized complex
medium for phenol degradation using
Pseudomonas putida (NICM 2174). Bio
process Eng., 21. 1999; 415-421.
Ratkowsky DA, Olley J, Mc Meekin
TA, Ball, A. Relationship between
temperature and growth rate of bacterial
cultures. J. Bacteriol., 149. 1982; 1-5.
Allsop PJ, Chisti Y, Moo-Young,
Sullivan GR. Dynamics of phenol

International Journal of Research & Review (www.gkpublication.in)
Vol.2; Issue: 2; February 2015

53

30.

31.

32.

33.

34.

degradation by Pseudomonas putida.
Biotechnol. Bioeng., 41. 1993; 572-580.
Chao Wang, Yi Li. Incorporation of
granular activated carbon in an
immobilized membrane bioreactor for
the biodegradation of phenol by
Pseudomonas putida. Biotechnol. Lett.,
29. 2007; 1353-1356.
Hill GA, Robinson CW. Substrate
inhibition kinetics: phenol degradation
by Pseudomonas putida. Biotechnol.
Bioeng., 17. 1975; 1599-1615.
Armenante PM, Fabio Fava, David
Kafkewitz. Effect of Yeast extract on
growth
kinetics
during
aerobic
biodegradation of chlorobenzoic acids.
Biotechnol. Bioeng., 47. 1995; 227-233
Rozich AF, Colvin RJ. Effects of
glucose on phenol biodegradation by
heterogeneous populations. Biotechnol.
Bioeng., 28. 1985; 965-971.
Topp E, Hanson RS. Degradation of
pentachlorophenol by a Flavobacterium
species grown in continuous culture
under various nutrients limitations.
Appl. Environ. Microbiol., 54. 1988;
2452-2459.

35. Hughes
SM,
Cooper
DG.
Biodegradation of phenol using the Self
Cycling Fermentation (SCF) process.
Biotechnol. Bioeng., 51. 1996; 112-119.
36. Carme Masque, Maite Nolla, Albert
Bordons. Selection and adaptation of a
phenol
degrading
strain
of
Pseudomonas. Biotechnol. Lett., 9.
1987; 655-660.
37. Bettman H, Rehm HJ. Degradation of
phenol
by
polymer
entrapped
microorganisms.
Appl.
Environ.Microbiol., 20. 1984; 285-290.
38. Alexievaa Z, Gerginova M, Zlateva P,
Pnenva NComparison of growth kinetics
and phenolmetabolizing enzymes of
Trichosporon cutaneum R57 and
mutants with modified degradation
abilities. EnzymeMicrob. Technol., 34.
2004; 242-247.
39. Agarry SE, Solomon BO. Kinetics of
batch microbial degradation of phenols
by
indigenous
Pseudomonas
fluorescence. Int. J. Environ. Sci. Tech.,
5 (2). 2008; 223-232.

How to cite this article: Rajani V. Microbial degradation of phenol- a review. Int J Res Rev. 2015;
2(2):46-54.

*******************

International Journal of Research & Review (www.gkpublication.in)
Vol.2; Issue: 2; February 2015

54

