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HISTORY ABSTRACT

Sodium dodecyl sulphate (SDS) is an anionic surfactant which is mainly utilized in washing
detergents and industrial products and solutions. Its toxicity and contamination of the
surroundings environment are ubiquitous. In this study, the SDS-degradation capacity of a
previously isolated molybdenum-reducing bacterium; Enterobacter sp. Strain Neni-13 is
reported. At 1 g/L of SDS as the sole carbon source, the bacterium grew maximally at pH 7.0,
the temperature range from 20 to 45 °C support maximal growth and require ammonium
sulphate as the best nitrogen source at the optimal concentration of 1 % w/v. Growth on various
concentrations of SDS as a carbon source shows that the bacterium can grow maximally in
between 800 and 1200 mg/L and was able to grow at the maximum concentration of 1500 mg/L
while concentrations higher than this caused the cessation of growth. The heavy metals mercury,
silver and copper inhibit growth on SDS. The ability of this bacterium to detoxify dual toxicants,
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which include the degradation of high concentration of SDS is highly sought.

INTRODUCTION

SDS, being an anionic surfactant is preferred primarily because
of excellent detergency at low temperatures in neutral solutions.
They generate negatively charged ions in aqueous solution,
originated in sulphate or sulphonate groups. Anionic surfactants
have either ester sulphate or sulfonated groups coming from
xenobiotic substances are traditionally used in numerous
manufacturing purposes [1]. SDS forms an essential number of
organic substances in detergents because they have got greater
solubility of organic and inorganic substances. SDS and other
detergents have been found in numerous water bodies in
Malaysia [2]. The hydrophilic and hydrophobic parts of SDS
makes it easier to interact with both non-polar and polar
substructures in macromolecules. Consequently, anionic
surfactants can bring about positive aspects in numerous
heterogeneous levels in numerous biological systems and
scientific operations by lessening the energy of interaction and
the solvation energy of substances [3]. anionic surfactants have
hydrophilic and hydrophobic parts of which can cause them to
occur around the interfaces in between oil and water or air and
water and in addition decreasing the surface tension of the
system. Surfactants is usually categorized into non-ionic,
anionic, cationic or amphoteric depending on the charge they
have in aqueous solutions. Anionic surfactants are preferred

additives and preservatives due to their monetary cost and
greater purposes in the industrial sector [4]. The most common
anionic surfactants group of is sodium dodecyl sulphate (SDS).
The applications of SDS in Malaysia specifically are most
popular as an anionic surfactant in commercial products used
for cosmetics and personal hygiene [5—-10]. SDS is one of the
most abundant anionic surfactants used in surface cleaners and
household detergents and compose of the Linear alkylbenzene
sulfonates (LASs) group which have alkyl chains from Cio to
Cia.

Large quantities of surfactants are utilized in commercial
cleaning agents particularly from anionic surfactants. Anionic
surfactants are essential in term of marketing for pretty much 50
% of the share of the market of surfactant manufacturing. They
appear in numerous marine ecosystems a result of the less than
efficient of wastewater treatment plants to remove them as well
as the recalcitrant properties in terms of biodegradability of
some of the active surface substances [11-15]. Upon discharged
into the aquatic environment, they can harm the environment.
Detergents possess damaging consequences to marine life
[16,17]. Concentrations as low as 0.0025 mg/L for the
surfactants sodium dodecylbenzene sulfonate (SDBS) and
sodium dodecyl sulfate (SDS) has been demonstrated to show
the toxic effect to the aquatic organism Daphnia magna [18,19].
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The toxicity of SDS is the disruption of cellular membrane
integrity that leads to the disturbances of the ion gradients. This
results in the leakage of the content of bacteria leading to death.
SDS also binds to surface protein and enzymes leading to
denaturation. This is another mechanism of SDS toxicity [20].

Researchers have stated that biodegradation course of
action by employing bacteria can manage the amount of SDS
released to the environment [4,10,21,22]. The search for
remediation agents for surfactants is ongoing with
bioremediation being evaluated extensively as it is more
economical and safe in the long run compared to
physicochemical methods. Several microorganisms can
assimilate SDS and use it for growth through the action of the
enzyme alkylsulfatase [20]. Numerous SDS-degrading bacteria
include bacteria from the genus such as Pantoea, Acinetobacter,
Pseudomonas, Acinetobacter and Klebsiella [8,20,23-29].
However, there is a current need for a bacterium that is able to
remediate multiple toxicants due to the ever-increasing amount
of numerous pollutants being found in one particular pollution
site. In this study, a heavy metal-reducing bacterium is reported
to be able to degrade SDS, and the characterization of growth
on SDS by this bacterium is reported.

MATERIALS AND METHODS

Maintenance and growth of Enterobacter sp. strain Neni-13
The bacterium was previously isolated as a Mo-reducing
bacterium with SDS-degradation capacity [30]. The basal salts
(BS) medium contained the followings: KH2PO4, (1.36 g 1),
NapHPOq4, (1.39 g I''), KNOs, (0.5 g I''), MgSO4 (0.01 g 1),
CaCl2 (0.01 g I'") and (NH4)2SO4 (7.7 g I'!). The medium also
contained the following trace elements: ZnSO4.7H20 (0.01 g I
1, MnCl.4H20 (0.01 g 1I'"), H3BO4 (0.01 g I'"), CoCl2.6H20
(0.01 g 1Y), FeSO4.2H20 (0.01 g 1)), CuCl2.2H20 (0.01 g I'!)
and NaxMoO4+.2H20 (0.01 g 1. Filter-sterilized sodium
dodecyl sulphate was added into the medium as a carbon source
at the final concentration of 1.0 g 1. The characterization works
for the bacterium was carried out in the above medium using
SDS as the sole carbon source.

Methylene Blue Active Substances (MBAS) Assay
Quantification of SDS degradation was carried out using the
Methylene Blue assay (MBAS) [31]. Briefly, 5 mL of the SDS
calibration samples or standards were added with 100 pL of
methylene blue reagent that is slightly acidic (pH of 5 to 6). The
mixing was carried out in a separating funnel. This is followed
by adding about 200 uL of pH 10.5 of a solution of sodium
tetraborate. The final mixture was vigorously mixed. Then
about mL of chloroform was added the mixture was mixed
vigorously again for 1 min. Finally, the mixture was allowed to
separate and settle down by leaving it to stand for 5 min. The
blue layer of chloroform layer was taken out and read at 650 nm
using a glass cuvette.

RESULTS AND DISCUSSION

The ability of bacterium to degrade or transform more than one
pollutant is intensively sought as more and more polluted sites
are reported to contain the combination of organic and inorganic
pollutants including heavy metals [8,9,32-36]. This study report
on the SDS-degrading capacity of a previously isolated
molybdenum reducing bacterium. This is the second bacterium
with such capacity as previously, another similar multi
detoxifier has been reported [22]. Before this bacterium can be
used in field works as a Dbioremediation agent, its
characterization especially the effect of various environmental

factors such as pH, temperature and heavy metals as well as
optimization studies via one-factor-at a time is needed. The data
obtained will be very useful either for formulating further
optimization works using methods such as response surface
methods(RSM) and artificial neural network (ANN) or for
direct usage in bioremediation works.

Optimization of pH

Optimization of pH provides growth important data since pH
strongly affects bacterial growth and also important
bioremediation works. The effect of pH on SDS degradation
was studied using phosphate buffer spanning the pH range from
5.8 to 7.5, which is within the pKa range for phosphate (Fig. 1).
From this study, the optimum pH for degradation of SDS was at
pH 7.0. Most bacteria functions well at neutral pH neutral to a
slightly alkaline pH range. However, soils are rarely neutral
with soils in Malaysia are acidic in properties, and require soil
additives to ensure neutrality or near neutrality is achieved so
that bioremediation of xenobiotics in soils can be carried out
efficiently [37—-43]. The degradation decreased at higher pH
with more than 50% inhibition of growth occurring at the
highest pH tested. Previous studies have shown that different
pHs are optimum for different bacteria, but are still within the
pH range from 5 to 9, for instance, Citrobacter braakii shows
an optimal pH at 7.0 [44], Delftia acidovorans shows pH 7.2 as
the optimum [29] and Pantoe agglomerans require pH 8.5 for
optimal pH [1]. In the mos recent data, Staphylococcus aureus
WAWI1 and Bacillus cereus WAW?2 are optimally grown at pH
7.5[10]
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Fig. 1. The effect of pH on the degradation of SDS by Enterobacter at
the SDS concentration of 1 g/L. The ammonium sulphate concentration
was 1% (w/v). Data represent mean = SEM, n=3.

Optimization of temperature

The effect of temperatures on growth on 1 g/L of SDS was
studied from the temperature range of 20 °C to 45 °C (Fig. 2).
Temperature is one of the factors that influence biodegradation
with low temperature affecting the metabolic rate while higher
temperatures will inhibit degradation [45]. The results show
maximal growth occurring in between 30 and 35 °C (Fig. 2).
The result obtained in this study showed within the range of
optimum temperature such as Acinetobacter calcoaceticus and
Pantoe agglomerans, where both are optimum between 30 to
37°C [1], 30°C for Citrobactor braakii [44] and Delftia
acidovorans [29], 35 °C for Staphylococcus aureus WAW1 and
Bacillus cereus WAW?2 [10], 28°C for the degradation of SDS
by Pseudomonas sp. [46] and the lowest so far is 10 °C by an
Antractic bacterium [47].
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Fig. 2. The effect of temperature on the degradation of SDS by
Enterobacter at the SDS concentration of 1g/L. The ammonium
sulphate concentration was 1% (w/v). Data represent mean + SEM, n=3.

Optimization of nitrogen sources

As SDS cannot be a nitrogen source, this needs to be added into
the growth medium [44]. The study showed the effect of
different nitrogen sources on the degradation of SDS. The
results show that the best nitrogen source was ammonium
sulphate (Fig. 3) at the concentration of 1% (w/v) (Fig. 4). But
from previous studies, the best nitrogen source is ammonium
sulphate and include the reports on bacteria such as Citrobacter
braakii [44], Comamonas terrigena [48] and Pseudomonas sp.
strain DRY15 [47] while Staphylococcus aureus WAW1 and
Bacillus cereus WAW?2 both are grown on 1 g/L. of ammonium
chloride as the nitrogen source [10]. Finding the optimum
nitrogen source would help in bioremediation strategies for
surfactant contamination as most soils are deficient in nitrogen
source. In the field, cheaper nitrogen source will be used to
offset the price of ammonium sulphate [49].
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Fig. 3. The effect of 1% (w/v) of different nitrogen sources on growth
on 1 g/ of SDS by Enterobacter sp. strain Neni-13. Data represent
mean = SEM, n=3.
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Fig. 4. The effect of various concentrations of ammonium sulphate on
the growth of 1 g/L of SDS by Enterobacter sp. strain Neni-13. Data
represent mean = SEM, n=3.

The effect of SDS concentration as a carbon source

The bacterium grew optimally in between 800 and 1200 mg/L
of SDS with no significant differences in the values as analysed
by ANOVA (Fig. 5). Concentrations higher than 1500 mg/L
inhibits growth. There exists a variety of range both for
concentration and number of days for complete degradation
reported for bacterial growth on SDS. For instance, a bacterial
consortium of Pantoea agglomerans and Acinetobacter
calcoaceticus is able to degrade a very high concentration of
SDS at 4000 mg/L in approximately 5 days [1]. In another
recent study, Staphylococcus aureus WAW1 degraded 3615.37
mg/L of SDS at a rate of 15.06 mg/L/h, which resulted in a total
degradation of 36.8% of SDS, while Bacillus cereus WAW?2
degraded 5055.70 ppm of the initial SDS in the setup at a
degradation rate of 21.07 mg/L/h, which resulted in a total
degradation of 51.4% of SDS after 10 days of incubation [10]
indicating incomplete degradation is observed at very high
concentration of SDS, especially at concentrations higher than
the CMC for SDS. This is further exemplified in the work on
Klebsiella oxytoca strain DRY 14, which degrades 80% of 2000
mg/L of SDS within 4 days of incubation [47]. One of the most
efficient SDS-degrading bacterium isolated is a mutated strain
of Pseudomonas aeruginosa MTCC 10311 that degrades 1500
mg/L of SDS within two days of incubation [16,17].

At concentrations lower than the CMC, a much complete
degradation and at a faster rate are observed. For instance,
Pseudomonas aeruginosa sp. degrades 100% of 1000 mg/L of
SDS within 2 days of incubations [27]. The SDS-degrading
bacteria Pseudomonas betelli and Acinetobacter johnsonii
degrades 500 mg/L SDS within 5 days of incubation [25].
Incidentally, the critical micelle concentration (CMC) for SDS
is from 1700 to 2300 mg/L, and many detergents exhibit intense
inhibition to bacterial growth at the CMC values [50]. At high
concentrations, SDS disrupts cellular membrane integrity. This
leads to disturbances to the ion gradients resulting in the
leakage of bacterial cytosolic contents [28]. Another mechanism
of SDS toxicity is through surface protein and enzymes
denaturation [16].
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Fig. 5. The effect of various concentrations of SDS on the growth of
Enterobacter sp. strain Neni-13. The ammonium sulphate concentration
was 1% (w/v). Data represent mean = SEM, n=3.

The effect of heavy metals on growth on SDS

Almost all studies done on growth on SDS do not study the
effect of heavy metals, and this should be studied since many
polluted sites contained not only organic but inorganic
pollutants including heavy metals [51]. The results indicate that
the heavy metals mercury, silver and copper, all at 1 p.p.m
strongly inhibits growth on SDS (Fig. 6). This indicates that
some form of heavy metals detoxification additives or
treatments need to be added to ensure remediation of SDS is not
affected.
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Fig. 6. The effect of heavy metals on the growth of Enterobacter sp.
strain Neni-13 on 1 g/L of SDS. The ammonium sulphate concentration
was 1% (w/v). Data represent mean + SEM, n=3.

CONCLUSION

SDS-degrading capacity by a bacterium previously isolated as a
molybdenum-reducing bacterium is reported. At 1 g/L of SDS
as the sole carbon source, the bacterium grew maximally at
neutral pH and exhibited a broad range of temperature for
maximal growth. Growth on various concentrations of SDS as a
carbon source shows that the bacterium can tolerate SDS
concentrations as high as1500 mg/L while concentrations higher
than this caused the cessation of growth, which coincidentally is
near the limit of the CMC for SDS. The heavy metals mercury,

silver and copper inhibit growth on SDS. The ability of this
bacterium to detoxify dual toxicants, which include the
degradation of high concentration of SDS is an important tool
for the remediation of sites containing detergent and
molybdenum, but the inhibitory effect of other heavy metals
needs to be addressed in the future.

REFERENCES

1. Abboud MM, Khleifat KM, Batarseh M, Tarawneh KA, Al-
mustafa A, Al-madadhah M. Different optimization conditions
required for enhancing the biodegradation of linear
alkylbenzosulfonate and sodium dodecyl sulfate surfactants by
novel consortium of Acinetobacter calcoaceticus and Pantoea
agglomerans. 2007;41:432-9.

2. Alsalahi MA, Latif MT, Ali MM, Magam SM, Wahid NBA,
Khan MF, et al. Distribution of surfactants along the estuarine
area of Selangor River, Malaysia. Mar Pollut Bull. 2014;80(1-
2):344-50.

3. Cserhati T, Forgdcs E, Oros G. Biological activity and
environmental impact of anionic surfactants. Environ Int.
2002;28(5):337-48.

4, Furmanczyk EM, Kaminski MA, Spolnik G, Sojka M,
Danikiewicz W, Dziembowski A, et al. Isolation and
characterization of Pseudomonas spp. strains that efficiently
decompose sodium dodecyl sulfate. Front Microbiol [Internet].
2017 Nov 7:8. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5681903/

5. Hashim MA, Hassan RS, Kulandai J. Malaysian studies of
recalcitrant  detergent wastewater. Effl Water Treat J.
1985;25(11):391-3.

6. Ludwig HF, Sekaran AS. Evaluation of use of anionic detergents
(ABS) in Malaysia. Water Res. 1988;22(2):257-62.

7. Asok AK, Jisha MS. Biodegradation of the anionic surfactant
linear alkylbenzene sulfonate (LAS) by autochthonous
Pseudomonas sp. Water Air Soil Pollut. 2012;223(8):5039-48.

8. Shahbazi R, Kasra-Kermanshahi R, Gharavi S, Moosavi- Nejad
Z, Borzooee F. Screening of SDS-degrading bacteria from car
wash wastewater and study of the alkylsulfatase enzyme activity.
Iran J Microbiol. 2013;5(2):153-8.

9. Rebello S, Asok AK, Mundayoor S, Jisha MS. Surfactants:
Toxicity, remediation and green surfactants. Environ Chem Lett.
2014;12(2):275-87.

10.  Adekanmbi AO, Usinola IM. Biodegradation of sodium dodecyl
sulphate (SDS) by two bacteria isolated from wastewater
generated by a detergent-manufacturing plant in Nigeria. Jordan J
Biol Sci. 2017;10(4):251-5.

11.  Buranasilp K, Charoenpanich J. Biodegradation of acrylamide by
Enterobacter aerogenes isolated from wastewater in Thailand. J
Environ Sci. 2011;23(3):396-403.

12.  Daneshfozoun S, Nazir MS, Abdullah B, Abdullah MA. Surface
modification of celluloses extracted from oil palm empty fruit
bunches for heavy metal sorption. Chem Eng Trans.
2014;37:679-84.

13.  Al-Baldawi IA, Abdullah SRS, Anuar N, Suja F, Mushrifah L.
Phytodegradation of total petroleum hydrocarbon (TPH) in
diesel-contaminated water using Scirpus grossus. Ecol Eng.
2015;74:463-73.

14.  Bhange K, Chaturvedi V, Bhatt R. Potential biofilm dispersal by
a partially purified keratinase produced by Stenotrophomonas
maltophilia  strain  Kb2. Biocatal Agric  Biotechnol.
2015;4(4):801-5.

15. Tiong B, Bahari ZM, Irwan SL, Jaafar J, Ibrahim Z, Shahir S.
Cyanide degradation by Pseudomonas pseudoalcaligenes strain
W2  isolated from mining effluent. Sains  Malays.
2015;44(2):233-8.

16.  Ambily PS, Jisha MS. Biodegradation of anionic surfactant,
sodium dodecyl sulphate by Pseudomonas aeruginosa MTCC
10311. J Environ Biol. 2012;33(4):717-20.

17.  Ambily PS, Jisha MS. Metabolic profile of sodium dodecyl
sulphate (SDS) biodegradation by Pseudomonas aeruginosa
(MTCC 10311). J Environ Biol. 2014;35(5):827-31.

-31 -



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

JOBIMB, 2017, Vol 5, No 2, 28-32

Pettersson A, Adamsson M, Dave G. Toxicity and detoxification
of Swedish detergents and softener products. Chemosphere.
2000;41(10):1611-20.

Versteeg DJ, Rawlings JM. Bioconcentration and toxicity of
dodecylbenzene sulfonate (CI12LAS) to aquatic organisms
exposed in experimental streams. Arch Environ Contam Toxicol.
2003;44(2):237-46.

Chaturvedi V, Kumar A. Isolation of a strain of Pseudomonas
putida capable of metabolizing anionic detergent sodium dodecyl
sulfate (SDS). Iran J Microbiol. 2011;3(1):47-53.

Paulo AMS, Plugge CM, Garcia-Encina PA, Stams AJM.
Anaerobic degradation of sodium dodecyl sulfate (SDS) by
denitrifying bacteria. Int Biodeterior Biodegrad. 2013;84:14-20.
Khayat ME, Rahman MFA, Shukor MS, Ahmad SA, Shamaan
NA, Shukor MY. Characterization of a molybdenum-reducing
Bacillus sp. strain khayat with the ability to grow on SDS and
diesel. Rendiconti Lincei [Internet]. 2016 [cited 2016 Jul 15];
Available from: http:/link.springer.com/10.1007/s12210-016-
0519-5

Thomas ORT, White GF. Immobilization of the surfactant-
degrading bacterium Pseudomonas C12B in polyacrylamide gel.
II. Optimizing SDS-degrading activity and stability. Enzyme
Microb Technol. 1990;12(12):969-75.

Khleifat KM. Biodegradation of linear alkylbenzene sulfonate by

a two-member facultative anaerobic bacterial consortium.
Enzyme Microb Technol. 2006;39(5):1030-5.
Hosseini F, Malekzadeh F, Amirmozafari N, Ghaemi N.

Biodegradation of anionic surfactants by isolated bacteria from
activated sludge. Int J Environ Sci Technol. 2007;4(1):127-32.
Shukor MY, Husin WSW, Rahman MFA, Shamaan NA, Syed
MA. Isolation and characterization of an SDS-degrading
Klebsiella oxytoca. J Environ Biol. 2009;30(1):129-34.

Syed M, Mahamood M, Shukor M, Shamaan NA, others.
Isolation and characterization of SDS-degrading Pseudomonas
aeruginosa sp. strain DI. Aust J Basic Appl Sci.
2010;4(10):5000-11.

Chaturvedi V, Kumar A. Presence of SDS-degrading enzyme,
alkyl sulfatase (SdsAl) is specific to different strains of
Pseudomonas aeruginosa. Process Biochem. 2013;48(4):688-93.
Yilmaz F, Icgen B. Characterization of SDS-degrading Delftia
acidovorans and in situ monitoring of its temporal succession in
SDS-contaminated surface waters. Environ Sci Pollut Res.
2014;21(12):7413-24.

Rahman MF, Rusnam M, Gusmanizar N, Masdor NA, Lee CH,
Shukor MS, et al. Molybdate-reducing and SDS-degrading
Enterobacter sp. strain Neni-13. Nova Biotechnol Chim.
2016;15(2):166-81.

Jurado E, Fernandez-Serrano M, Niifez-Olea J, Luzén G,
Lechuga M. Simplified spectrophotometric method using
methylene blue for determining anionic surfactants: Applications
to the study of primary biodegradation in aerobic screening tests.
Chemosphere. 2006;65(2):278-85.

Das R, Tiwary BN. Isolation of a novel strain of Planomicrobium
chinense from diesel contaminated soil of tropical environment. J
Basic Microbiol. 2013;53(9):723-32.

Praveena SM, De Burbure C, Aris AZ, Hashim Z. Mini review of
mercury contamination in environment and human with an
emphasis on Malaysia: Status and needs. Rev Environ Health.
2013;28(4):195-202.

Stancheva M, Makedonski L, Petrova E. Determination of heavy
metals (Pb, Cd, As and Hg) in Black Sea grey mullet (Mugil
cephalus). Bulg J Agric Sci. 2013;19(SUPPL. 1):30—4.

Mok JS., Kwon JY., Son KT., Choi WS., Kang SR., Ha NY., et
al. Contents and risk assessment of heavy metals in marine
invertebrates from korean coastal fish markets. J Food Prot.
2014;77(6):1022-30.

Toesch M, Schober M, Faber K. Microbial alkyl- and aryl-
sulfatases: Mechanism, occurrence, screening and
stereoselectivities. Appl Microbiol Biotechnol. 2014;98(4):1485-
96.

Ismail BS, Quirinus L. Mobility and persistence of metolachlor in
two common Malaysian agricultural soils. Bull Environ Contam
Toxicol. 2000;65(4):530-6.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

-32-

Ismail BS, Maznah Z. Persistence of fenvalerate in three
Malaysian agricultural soils. Bull Environ Contam Toxicol.
2005;75(4):789-96.

Farahani GHN, Zakaria Z, Kuntom A, Omar D, Ismail BS.
Persistence of carbofuran in two Malaysian soils. Plant Prot Q.
2008;23(4):179-83.

Mehdi S, Halimah M, Nashriyah M, Ismail BS. Adsorption and
desorption of paraquat in two Malaysian agricultural soils. Am-
Eurasian J Sustain Agric. 2009;3(3):555-60.

Lee-Yin C, Ismail BS, Salmijah S, Halimah M. Persistence of
cyfluthrin in three Malaysian agricultural soils under laboratory
conditions. J Environ Biol. 2013;34(5):957-61.

Ripin SNM, Hasan S, Kamal ML, Hashim NM. Analysis and
pollution assessment of heavy metal in soil, Perlis. Malays J Anal
Sci. 2014;18(1):155-61.

Ismail BS, Choo LY, Salmijah S, Halimah M, Tayeb MA.
Adsorption, desorption and mobility of cyfluthrin in three
Malaysian tropical soils of different textures. J Environ Biol.
2015;36(5):1105-11.

Dhouib A, Hamad N, Hassairi I, Sayadi S. Degradation of
anionic surfactants by Citrobacter braakii. Process Biochem.
2003;38(8):1245-50.

Sabullah MK, Rahman MF, Ahmad SA, Sulaiman MR, Shukor
MS, Shamaan NA, et al. Assessing resistance and bioremediation
ability of Enterobacter sp. strain saw-1 on molybdenum in
various heavy metals and pesticides. J Math Fundam Sci. 2017
Oct 3;49(2):193-210.

Marchesi JR, Owen SA, White GF, House WA, Russell NJ. SDS-
degrading bacteria attach to riverine sediment in response to the
surfactant or its primary biodegradation product dodecan-1-ol.
Microbiology. 1994;140(11):2999-3006.

Halmi MIE, Hussin WSW, Aqlima A, Syed MA, Ruberto L,
MacCormack WP, et al. Characterization of a sodium dodecyl
sulphate-degrading Pseudomonas sp. strain DRY15 from
Antarctic soil. J Environ Biol. 2013;34(6):1077-82.

Chao WL, Lin CM, Shiung II, Kuo YL. Degradation of di-butyl-
phthalate by soil bacteria. Chemosphere. 2006 May;63(8):1377—
83.

Othman AR, Ahmad SA, Baskaran G, Halmi MIE, Shamaan NA,
Syed M, et al. River monitoring of mercury using a novel
molybdenum-reducing enzyme assay. Bull Environ Sci Manag.
2014;2(1):30-5.



