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ABSTRACT 

The main organic contaminants in municipal 
wastewater are proteins, polysaccharides, and 
lipids, which must be hydrolyzed to smaller 
units. A high concentration of oil and grease in 
wastewater affects biological wastewater treat- 
ment processes by forming a layer on the water 
surface, which decreased the oxygen transfer 
rate into the aerobic process. Microbial prote- 
ases, lipases, amylases, and celullases should 
play essential roles in the biological wastewater 
treatment process. The present study aimed to 
isolate lipase- and other hydrolytic enzyme-pro- 
ducing microorganisms and assess their deg- 
radation capabilities of fat and oil wastewater in 
the laboratory. We also evaluated microbial in- 
teractions as an approach to enhance lipolytic 
activity. We place emphasis on lipase activity 
because oil and grease are not only environ- 
mental pollutants, but also form an undesirable 
tough crust on pipes of sewage treatment plants. 
Thirty-five lipolytic microorganisms from sew- 
age were identified and assessed for hydrolytic 
enzyme profiles. Lipases were characterized in 
detail by quantification, chain length affinity, and 
optimal conditions for activity. The good stabil-
ity of isolated lipases in the presence of chemi-
cal agents, thermal stability, wide range of pH 
activity and tolerance, and affinity for different 
lengths of ester chains indicates that some of 
these enzymes may be good candidates for the 
hydrolysis of organic compounds present in 
wastewater. A combination of enzymes and fer- 
menting bacteria may facilitate the complete 
hydrolysis of triglycerides, proteins, and ligno- 
cellulose that normally occur in the wastes of 
industrial processes. This study identifies en-
zymes and microbial mixtures capable of digest- 
ing natural polymeric materials for facilitating 

the sewage cleaning process.  
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1. INTRODUCTION 

For more than a century, biological wastewater treat- 
ment has been used to minimize anthropogenic damage 
to the environment. Oil and Grease (O&G) are the major 
problems and contaminants in biological wastewater 
treatment processes. Because of their nature, O&G form 
a layer on the water surface and decrease the oxygen 
transfer rate into an aerobic process [1]. These contami- 
nants are mainly discharged from restaurants, food in- 
dustries, and households [1,2]. Proteins and polysaccha- 
rides must also be hydrolyzed to smaller units by ex- 
tracellular enzymes in a municipal wastewater treatment 
plant [3,4]. 

The composition and activity of the microbial com- 
munity within a wastewater treatment plant play a sub- 
stantial role in the efficiency and robustness of the puri- 
fication process [5]. The efficiency of conventional bio- 
logical processes in wastewater treatment is reduced by 
the high concentrations of O&G in effluents [6]. In the 
activated sludge process, high levels of O&G lead to a 
reduction of biological activity of the flocs due to the 
difficulty of oxygen and substrate to penetrate the floc 
due to the oil film formation around it [7]. Moreover, in 
the case of anaerobic digestion, excessive amounts of 
O&G inhibit the action of acetogenic and methanogenic 
bacteria [6,8,9]. The Brazilian National Council on the 
Environment (CONAMA) established the maximum 
level of mineral oil concentration allowed for effluent in 
water bodies at 20 mg/l, and the maximum level of vege- 
table oils and animal fats to 50 mg/l in Article 34, Reso- 
lution number 357 established on March 17, 2005 [10]. 

Traditional approaches to treat oily effluents include 
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gravity separation, dissolved air flotation (DAF), de- 
emulsification, coagulation, and flocculation. Free oil is 
removed from wastewater by gravity separation; how- 
ever, this process cannot remove small oil droplets and 
emulsions. Oil that adheres to the surface of solid parti-
cles can be removed by particle settling [11]. DAF uses 
solubilized air to increase buoyancy of the smaller oil 
droplets and improve separation. In addition, emulsified 
oil is removed by chemical or thermal de-emulsifying 
processes, or both [11]. Wastewater containing emulsi- 
fied oil is heated to reduce the viscosity, accentuate den- 
sity differences, and weaken the interfacial films stabi- 
lizing the oil phase. Thereafter, acidification and the ad- 
dition of a cationic polymer neutralize the negative 
charges, and elevation of pH to an alkaline level induces 
flocculation of inorganic salts. Flocs with adsorbed oil 
are separated and the sludge is dewatered [11]. In this 
context, the usage of lipolytic microorganisms in waste- 
water treatment could eliminate this pretreatment process 
[12]. Chigusa et al. [13] showed that the percentage of 
fat in wastewater treated with a mixed culture of nine 
lipase-producing yeast strains decreased by 94%.  

Oily effluents can also be pretreated as an approach to 
conform with the CONAMA resolution, but the achieve- 
ment of such pretreatment processes depends on the 
costs of the enzyme [14]. Many industrial processes re- 
quire breakdown of solids and the prevention of fat 
blockage or filming in waste systems before the waste- 
water can be released into the sewage system. This can 
be accomplished 1) by degradation of organic polymers 
with a commercial mixture of lipase, cellulase, protease, 
amylase, and inorganic nutrients; or 2) by sewage treat- 
ment, cleaning of holding tanks, septic tanks, grease 
traps, and other systems. WW07P is produced by Envi- 
ronmental Oasis Ltd. and contains a range of high-per- 
formance microorganisms adapted for use in the bio- 
logical treatment of wastewater containing high fat and 
oils. It also contains surfactants capable of liquefying 
heavy fat deposits, thereby assisting in their biodegrada- 
tion [15].  

Lipases and esterases constitute a large category of 
ubiquitous enzymes expressed by many organisms. Car-
boxylesterases (EC 3.1.1.1) have broad substrate speci- 
ficity toward esters and thioesters. Esterases that hydro- 
lyze long-chain acylglycerols (containing more than 10 
carbon atoms) are termed lipases (EC 3.1.1.3) and can be 
considered lipolytic and esterolytic enzymes [16]. Most 
lipases are water-soluble enzymes that hydrolyze ester 
bonds of water-insoluble substrates [17]. Therefore, li- 
pases act at the interface between a substrate phase and 
an aqueous phase, in which the enzyme is dissolved [18]. 
It is often necessary to combine two or more lipases in 
order to release a glycerol molecule, since all three acyl 
chains of a triacylglycerol molecule are rarely released 

by a single lipase [17]. 
The α-amylases (E.C.3.2.1.1) are enzymes that hydro- 

lyze starch molecules to generate progressively smaller 
polymers composed of glucose units [19]. Today, a large 
number of microbial amylases have almost completely 
replaced the chemical hydrolysis of starch. The main 
advantage of using microorganisms for the production of 
amylase is the ability to bulk produce the enzyme and the 
easy manipulation of microbes to achieve enzymes with 
desired characteristics. Moreover, the stability of micro- 
bial amylases are higher than those of plant and animal 
[20]. 

Microbial proteases are used in waste treatment from 
various food-processing industries and household activi- 
ties to solubilize proteinaceous waste and reduce the 
biological oxygen demand of aquatic systems [21,22]. 
Hydrolytic enzymes, such as lipases, amylases, and pro- 
teases, have a promising application in wastewater treat- 
ment of candy, ice cream, dairy, and meat industries. 
Enzymes for wastewater treatment do not require purifi- 
cation and thus should present a low production cost [23]. 
These characteristics have led to an increasing interest in 
enzyme production technology and the search for new 
microorganisms with a diverse ability to produce en- 
zymes [24-27].  

Microbial cellulases are widely used in the paper, wine, 
animal feed, and textile industries as well as for biofuels 
production, food processing, olive oil and carotenoid 
extraction, and waste management [28]. The wastes gen- 
erated from agricultural fields and agroindustries contain 
a large amount of unutilized cellulose, thereby causing 
environmental pollution. Today, these wastes are utilized 
to produce valuable products, such as enzymes, sugars, 
biofuels, chemicals, and others [29-33].  

Biosurfactants are amphiphilic molecules that possess 
both polar and nonpolar domains that have effective sur- 
face-active properties. There are two main types of these 
molecules: 1) those that reduce surface tension at the 
air-water interface (biosurfactants), and 2) those that re- 
duce the interfacial tension between immiscible liquids 
or at the solid-liquid interface (bioemulsifiers) [34,35]. 
Biosurfactants usually exhibit an emulsifying capacity, 
but bioemulsifiers do not necessarily reduce the surface 
tension [34,35]. These molecules are microbial synthe- 
sized, and the different types of biosurfactants include 
lipopeptides synthesized by many species of Bacillus, 
glycolipids synthesized by Pseudomonas and Candida 
sp., phospholipids synthesized by Thiobacillus thiooxi- 
dans, and polysaccharidelipid complexes synthesized by 
Acinetobacter sp. [36-38].  

The emulsification of lipids through the breakdown 
of lipid droplets favors the occurrence of hydrolysis, 
since the water-soluble lipolytic enzymes have greater 
surface contact with the substrate to be hydrolyzed. 
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Natural bio-surfactants exhibit low toxicity, biodegrad- 
ability, and ecological acceptability, which provide an 
alternative to chemically-prepared conventional surfac- 
tants. They can be produced from various substrates but 
are often generated from renewable resources, such as 
vegetable oils as well as distillery and dairy wastes [39]. 
They are applicable for environmental protection and 
management, bioremediation of soil [40], crude oil re- 
covery, cleanup of hydrocarbon contaminated ground- 
water, and enhanced oil recovery [41], antimicrobial 
agents in healthcare [36] or in a wide variety of industrial 
processes involving emulsification, foaming, detergency, 
wetting, dispersing, or solubilization [42].  

Lipase-producing microorganisms are also found in fat 
and oil contaminated sources. Thus, they originate from 
dairy, household, and biotechnology industry wastewa- 
ters. The intense competition for limited carbon sources 
may result in the evolution of novel genes and/or novel 
biochemical pathways in the specialized environment of 
wastewaters [43]. Therefore, in this study we isolated 
lipase and other hydrolytic enzyme-producing microor- 
ganisms and assessed their fat and oil degradation capa- 
bilities. 

2. MATERIALS AND METHODS 

2.1. Selection of Lipase-Producing 
Microorganisms Using Tributyrin as a 
Growth Substrate 

Our group currently has a microbial stock composed 
of more than 1100 lipolytic microorganisms that were 
obtained randomly. Among this library, 35 strains were 
selected for this study that had been originally isolated 
from four different sewage tanks. Samples were obtained 
from wastewaters at 2 farm houses (A and C), a dairy 
industry (B), and a biotechnological industry (D). Sam- 
ples or its dilutions in sterile water were spread over 
Spirit Blue agar (Himedia, Mumbai/India) supplemented 
with 3% (v/v) tributyrin emulsion (20% v/v tributyrin; 
0.2% v/v tween 80). After incubation at 25˚C for 1 - 7 d, 
representative lipolytic colonies of each morphological 
type were isolated and purified in the same media. The 
strains were maintained in LB medium (10.0 g/l peptone, 
5.0 g/l yeast extract, and 5.0 g/l sodium chloride) sup- 
plemented with 50% (v/v) fetal bovine serum and kept at 
−80˚C. 

2.2. Determination of the Degradative 
Enzymatic Profile of Organic 
Compounds between the Lipolytic 
Selected Microorganisms 

Lipolytic strains were inoculated in 2 ml of LB broth 
in a 96-well plate. After 24 h at 25˚C and 30 hz agitation, 
2 µl of culture were inoculated in the follow media: 1) 

tributyrin-agarose [1% (w/v) agarose; 50 mM Tris-HCl 
pH 6,8; 1 mM CaCl2; 0.6% (v/v) tributyrin emulsion—to 
detect lipase]; 2) casein-agarose [1% (w/v) agarose, 1 
mM CaCl2, 10% (v/v) of a casein solution in 1X PBS pH 
7.4—to detect caseinase activity]; 3) corn starch-agarose 
[1% (w/v) agarose; 50 mM Tris-HCl pH 6.8, 1 mM 
CaCl2, 0.5% (w/v) corn starch—to detect amylase]; 4) 
carboxymethylcellulose-agarose [1% (w/v) agarose, 50 
mM Tris-HCl pH 6.8, 1 mM CaCl2, 0.5% (w/v) car- 
boxymethylcellulose—to detect cellulase modified from 
Akhtar et al. [44]; and 5) gelatin media [2 ml media/ 
assay tube: 50 mM Tris-HCl pH 6.8, 1 mM CaCl2, 10% 
(w/v) gelatin—to detect gelatin-specific proatease], the 
formulation of all those media were adapted from Vuong 
et al. [45]. After 24 h incubation at 25˚C, enzymatic ac- 
tivities were detected by assessing for the presence of a 
clear halo in the media tests listed above except for gela- 
tin media (see below). For media 1, the result was ob- 
tained by direct observation. Media 2 - 4 required revela- 
tion prior to a final analysis of the results as follows: 2) 2 
min incubation with 1 N HCl solution to precipitate re- 
maining casein; 3) 2 min incubation with 2% iodine so- 
lution to colorize remaining starch; 4) 30 min incubation 
with Congo red [0.25% (w/v) in 0.1 M Tris-HCl, pH 8,0) 
followed by 5 minutes in a destaining solution (0.5 M 
NaCl, 0.1 M Tris-HCl, pH 8.0) [46]. Microorganisms 
that produced a gelatin-specific protease were capable of 
liquefying the gelatin medium in media 5. 

To evaluate the emulsifying capacity of the isolates, 
200 µl of a culture with optical density (OD 600 nm) 0.5 
were inoculated into 35 ml of LB broth supplemented 
with 2% soybean oil. The culture was then incubated for 
35 d at 37˚C and 250 rpm agitation. When the emulsifi- 
cation of the oil took place in the media, it acquired a 
milky appearance and consistency. 

2.3. Characterization of Extracellular Lipase 

2.3.1. Production of Extracellular Enzymatic 
Extract 

Cells (500 µl) were grown in LB medium for 24 h un- 
der 30 hz agitation at 25˚C and then seeded on the sur- 
face of a sterile dialysis membrane (12,000 Da) that had 
an equal diameter as a petri dish. The membrane was 
then placed on Spirit Blue agar containing 0.6% (v/v) 
tributyrin and incubated at 25˚C for a period of 1 - 7 d 
(see results section) [47]. The membranes were washed 
with 2 ml of buffer (10 mM Tris-HCl pH 8.4 and 40 mM 
NaCl). Thereafter, all experimental steps were conducted 
on ice. The cell suspension was centrifuged at 25,000 g 
for 20 min at 4˚C and filtered through a 0.22 µm filter. 
Then, 4 µl of enzyme extract was applied to the tribu- 
tyrin-agarose (media one described previously) and in- 
cubated for 24 h at 25˚C in order to verify lipase activity.  
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2.3.2. Determination of Optimal ph and  
Temperature of Action  

Optimal pH was tested using 2 ml of freshly prepared 
0.3% tributyrin broth [50 mM Tris-HCl—evaluated at 
pH values of 4.3, 6.8, 9.8, and 12.3—1 mM CaCl2, and 
1.5% (v/v) tributyrin emulsion] and 75 µl of enzymatic 
extract in a 1 cm cuvette. The optimal temperature was 
tested using 2 ml of the same broth at the optimal pH and 
75 µl of enzymatic extract. Analyzed temperatures were 
4˚C, 25˚C, 37˚C, and 50˚C. The reduction in OD was 
measured at 800 nm in a Shimadzu double beam spec- 
trophotometer (UV-ISO-02, Kyoto, Japan) using a nega- 
tive control as a standard at 0, 3, and 21 h of incubation.  

2.3.3. Quantification of Lipase Activity in 
P-Nitrophenyl Esters 

The lipase assay was performed by measuring the in- 
crease in the absorbance at 405 nm in a Thermo Plate 
microplate reader (TP-reader) caused by the release of 
p-nitrophenol after hydrolysis of p-nitrophenyl-butyrate 
(C4), decanoate (C10), and palmitate (C16) at 25˚C for 
15 min at pH 8.0 as previously described [48], but modi-
fied by adding 10 mM CaCl2 to solution B. An enzyme- 
free control was used as the reference. One unit of lipase 
(U) was defined as the amount of enzyme that releases 1 
µmol p-nitrophenol per min under the assay conditions. 

2.3.4. Test of Lipase Activity in the Presence of 
Chemical Agents and Thermal Resistance 

For further characterization, thermal and chemical re- 
sistance was evaluated using p-NPB as a substrate. Solu- 
tion B described above was added with one of following 
chemical compounds: 0.25% (v/v) H2O2, 0.1% (v/v) Na- 
ClO, 0.1% (v/v) liquid detergent, or 10 mM EDTA. For 
thermal resistance, extracellular enzyme extracts were 
incubated for 30 min at 50˚C and residual activity was 
also evaluated using p-NPB as a substrate.  

2.4. Identification of Microorganisms 

2.4.1. DNA Extraction 
Genomic DNA was prepared from a loopful of cells 

grown in LB agar for 24 h. The cell pellet was resus- 
pended in 250 µl of solution I (50 mM glucose, 25 mM 
Tris-HCl pH 8.0, and 10 mM EDTA). The cells were 
lysed by adding 25 µl of solution II [200 mM NaOH and 
1% (w/v) SDS], and mixed for 5 min. Then, 500 µl of 
solution I and 2.5 µl of RNAse A (10 mg/ml) was added 
and incubated for 2 h at 37˚C. This methodology was 
adapted from alkaline lysis first described by Birnboim 
& Doly [49]. DNA was then purified with phenol-chlo- 
roform using a standard laboratory protocol and after 
precipitation, DNA was resuspended in 30 µl of TE (10 
mM Tris-HCl pH 8.0 and 1 mM EDTA). 

2.4.2. Ribosomal RNA Gene Amplification 
Bacterial isolates were identified by sequencing rDNA. 

The PCR reaction was performed as previously described 
[50] using the primers 8F (5'-AGAGTTTGATYMTGG- 
CTCAG-3') [51] and 907R (5'-CCGTCAATTCMTTT- 
RAGTTT-3') [52]. Fungal identification was performed 
as previously described [53] by sequencing D1D2 of 26S 
rDNA using primers NL1 (5'-GCATATCAATAAGCGG- 
AGGAAAAG) and NL4 (5'-GGTCCGTGTTTCAAGA- 
CGG). The sequences of PCR products were analyzed 
using standard protocols with a dideoxy nucleotide dye 
terminator (Big Dye vs. 3.1—Applied Biosystems, CA, 
USA) and Genetic Analyzer 3130 (Applied Biosystems, 
CA, USA). All 16S and 26S rRNA gene sequences were 
checked for quality, aligned, and analyzed with Codon-
Code Aligner v.3.7.1 (CodonCode Corp., Centerville, 
MA, USA). All sequences were compared with reference 
sequences in the Ribosomal Database Project (RDP) us- 
ing Sequence Match and sequences in GenBank using 
BLASTN. 

2.5. Induction of Lipase Production and 
Synergistic Effect between  
Different Strains 

Pre-inoculum of five different isolates was induced 
with tributyrin or left untreated (group control) to evalu-
ate if microbial metabolism is increased or not by this 
triglyceride (pre-induction). Then, 100 µl of pre-inocu- 
lum from each isolate were inoculated in LB broth con-
taining 10 µl alamar blue in four different treatments 
groups: 1) no supplementation, 2) supplemented with 2% 
tributyrin, 3) supplemented with 2% soybean oil, or 4) 
supplemented with 2% soybean oil emulsified with ster- 
ile bacterial extract contained lipase to evaluate possible 
synergism between different strains. Monitoring the per- 
centage of alamar blue reduction indicated the conditions 
in which the culture demonstrated higher metabolism. A 
calculation of standard deviation indicated the differ- 
ences between the assessed values and the average. Two- 
way ANOVA with Bonferroni correction post test was 
performed using GraphPad Prism version 5.03 for Win- 
dows [54]. 

3. RESULTS AND DISCUSSION 

Our lipolytic microbial stock was selected by the pre- 
sence of a halo around colonies when wastewaters were 
spread over Spirit Blue agar supplemented with 3% (v/v) 
tributyrin emulsion. Because of this triglyceride is 
formed by a glycerol and three four-carbon chains, es- 
terases were selected preferably over lipases. However, 
because any lipase can also be classified as an esterase, 
some also showed lipolytic activity among the selected 
microorganisms. 

The 16S/28S rDNA sequence analysis provides mo- 
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lecular identification of isolates. The microorganism col- 
lection site, identification, surfactant production [ability 
to emulsify 2% (v/v) soybean oil in culture medium], and 

enzymatic profile against agarose tributyrin, agarose ca- 
sein, gelatin media, agarose corn starch, and agarose 
carboxymethylcellulose are shown in Table 1. Collection  

 
Table 1. Collection site, identification, GenBank accession numbers and enzymatic profile of isolates.  

Collection 
site 

n˚ Ribossomal Data Project (RDP) identification Lipase Gelatinase Caseinase Amilase 
CM  

Cellulase 

Time required for 
emulsifying 2% 

(v/v) soybean oil*

A1 Terribacillus sp. (GenBank accession number KC310807) ++ - - - - not 

A2 
Unclassified Saccharomycetales (GenBank accession number 

KC310808) ++ - ++ - - partial 

A3 Bacillus pumilus (GenBank accession number KC310809) ++ - ++ - ++ 5 days 
A4 Bacillus pumilus (GenBank accession number KC310810) + - ++ - ++ 10 days 
A5 Terribacillus sp. (GenBank accession number KC310811) ++ - - - - 7 days 
A6 Bacillus pumilus (GenBank accession number KC310812) ++ - ++ - ++ 7 days 
A7 Bacillus pumilus (GenBank accession number KC310813) + - ++ - ++ 7 days 

A8 
Bacillus sp. (B. megaterium/B. flexus)  

(GenBank accession number KC310814) 
+ ++ - - - not 

A9 
Staphylococcus spp. (S. sciuri/S. xylosus) (GenBank accession 

number KC310815) ++ ++ ++ - - not 

G
re

as
e 
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/ S
ão

 S
eb
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ti
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 d

as
 Á

gu
as

 
C

la
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s/
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G
 

A10 
family Flavobacteriaceae - (Empedobacter brevis ou Wautersiella 

flasenii) (GenBank accession number KC310816) +++ ++ ++ - - partial 

B1 Bacillus megaterium (GenBank accession number KC310817) + ++ - - - partial 

B2 
Bacillus spp. (B. subtilis subsp. subtilis/B. amyloliquefaciens) 

(GenBank accession number KC310818) + +++ ++ ++ ++ not 

B3 
Lysinibacillus spp. (L. sphaericus/L. fusiformis)  

(GenBank accession number KC310819) 
++ - - - - 7 days 

B4 
Lysinibacillus spp. (L. sphaericus/L. fusiformis)  

(GenBank accession number KC310820) ++ - - - - 10 days 

B5 
Lysinibacillus spp. (L. sphaericus/L. fusiformis)  

(GenBank accession number KC310821) 
++ - - - ++ 7 days 

B6 Bacillus cereus (GenBank accession number KC310822) ++ - - - ++ not 
B7 Bacillus subtilis (GenBank accession number KC310823) + ++ - ++ ++ not 
B8 Bacillus subtilis (GenBank accession number KC310824) + ++ ++ ++ ++ not 

B9 
Bacillus spp. (B. simplex/B. macroides/B. frigotolerans)  

(GenBank accession number KC310825) + ++ - - - partial 

B10 
Mutualistic association Bacillus sp. (GenBank accession number
KC310826) + Staphylococcus epidermidis (GenBank accession 

number KC310827) 
+ - - - - 7 days 

B11 Bacillus cereus (GenBank accession number KC310828) ++ - ++ - ++ not 

B12 
Acetobacter pasteurianus  

(GenBank accession number KC310829) + - - - - 3 days 

D
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ru
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B13 
Acetobacter pasteurianus  

(GenBank accession number KC310830) + - - - - 7 days 

C1 
family Enterobacteriaceae (Serratia sp.; Yersinia sp.) (GenBank 

accession number KC310831) 
++ +++ +++ - - 14 days 

C2 
Pseudomonas spp. (P. corrugata/P. fluorescens/Marinobacter 

arcticus) (GenBank accession number KC310832) ++ ++ ++ - - 7 days 

C3 
family Enterobacteriaceae (Enterobacter aerogenes/Leclercia 

adecarboxylata/Pantoea agglomerans)  
(GenBank accession number KC310833) 

+ - - - - 7 days 

C4 
Bacillus spp. (B. subtilis/B. amyloliquefaciens) 

(GenBank accession number KC310834) + +++ ++ ++ ++ 7 days 
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C5 Bacillus subtilis (GenBank accession number KC310835) + +++ ++ ++ +++ 7 days 
D1 Bacillus megaterium (GenBank accession number KC310836) ++ ++ +++ ++ - not 

D2 
Pseudomonas spp. (P. rhodesiae/P. putida/P. fluorescens) 

(GenBank accession number KC310837) +++ +++ +++ - - 14 days 

D3 
Pseudomonas spp. (P. taetrolens/P. putida/P. umsongensis/P. 

fluorescens) (GenBank accession number KC310838) 
+++ +++ +++ - - partial 

D4 
family Enterobacteriaceae (Serratia fonticola/Rahnella sp. ) 

(GenBank accession number KC310839) + - - - - 10 days 

D5 
Pseudomonas spp. (P. rhodesiae/P. fluorescens/P. putida)  

(GenBank accession number KC310840) ++ - - - - 7 days 

D6 
family Enterobacteriaceae (Serratia fonticola/Rahnella sp.) 

(GenBank accession number KC310841) 
+ - - - - partial 

B
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B
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D7 
Pseudomonas spp. (P. rhodesiae; P. putida) (GenBank accession 

number KC310842) +++ +++ +++ - - partial 

(-) no enzymatic activity; (+) low enzymatic activity (colony size/halo size < 2); (++) median enzymatic activity (colony size/halo size 2 ≤ x < 5); (+++) strong 
enzymatic activity (colony size/halo size ≥ 5); *maximum experimental time was 36 days. 
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sites A and B presented a predominance of members of 
the Bacillaceae family and at sites C and D, we observed 
Enterobacteriaceae, Pseudomonas, and Bacillus spp. At 
site D, Pseudomonas sp. was prevalent. 

The extracellular bacterial lipases are of commercial 
importance, as thousands of lipase units can be produced 
from only several liters of culture medium [55]. Bacterial 
lipases are mostly extracellular and are greatly influ- 
enced by nutritional and physicochemical factors, such 
as temperature, pH, nitrogen and carbon sources, pres- 
ence of lipids, inorganic salts, agitation, and dissolved 
oxygen concentration [55]. Lipases are mostly inducible 
enzymes and are thus generally produced in the presence 
of a lipid source, or any other inducer, such as triacyl- 
glycerols, fatty acids, hydrolysable esters, tweens, bile 
salts, and glycerol [55-57]. However, their production is 
significantly influenced by other carbon sources, such as 
sugars, sugar alcohol, polysaccharides, whey, casamino 
acids, and other complex sources [58,59]. Therefore, 10 

ml of extracellular extract were produced for lipase 
characterization of each of the 35 isolates. Despite the 
use of an inductor at this step, the lipase activity of two 
isolates (A9—Staphylococcus spp.- and B9—Bacillus 
spp.) could not be recovered, even with tributyrin induc- 
tion (Table 2). In a grease trap ecosystem, the coexis- 
tence of microbial strains could supply the nutritional 
needs due to partial degradation of other biopolymers 
naturally present in wastewater. Moreover, competition 
for nutrients and microbial interaction could also lead to 
the induction of lipase expression so that it may remains 
active during the first few subcultures. We found that 
each strain required a different incubation period to ex- 
press extracellular lipase (Table 2). The exact incubation 
period required to express lipase over the dialysis mem- 
brane was monitored by parallel incubation in spirit blue 
agar supplemented with tributyrin. It needs to be pointed 
out that the optimum growth condition was not deter- 
mined for each strain separately. 

 
Table 2. Collection site, incubation period over dialysis membrane, optimal pH, optimal temperature, and quantification in lipase 
units with p-NPB (C4), p-NPD (C10), and p-NPP (C16).  

In enzimatyc units** Collection 
site 

n˚ 
Incubation period over  

dialysis membrane 
pH* Temperature* (˚C) 

p-NPB C4 p-NPD C10 p-NPP C16
A1 6 days 12.3 25 0.96 1.01 0.96 
A2 24 hours 12.3 5 to 25 (25)*** 2.21 5.45 1.09 
A3 24 hours 6.8 to 9.8 (9.8)*** 25 to 37 (25) 5.30 2.08 0.82 
A4 24 hours 6.8 to 12.3 (9.8) 25 0.13 0.12 0.02 
A5 4 days at 25˚C + 1 day at 4˚C 6.8 to 9.8 (9.8) 5 to 37 (5) 2.50 0.95 0.20 
A6 24 hours 6.8 to 12.3 (9.8) 25 2.40 1.01 0.44 
A7 24 hours 6.8 to 9.8 (9.8) 25 0.00 0.41 0.00 
A8 24 hours 9.8 5 and 37 15.34 0.92 0.08 
A9 activity could not be recovered 
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A10 6 days 9.8 to 12.3 (12.3) 50 9.97 9.18 0.49 
B1 24 hours 12.3 5 to 25 8.74 0.21 0.29 
B2 48 hours 9.8 to 12.3 (12.3) 5 to 25 (5) 5.17 0.23 0.19 
B3 48 hours 12.3 37 0.73 0.46 0.30 
B4 48 hours 12.3 37 to 50 1.21 1.19 0.39 
B5 24-48 hours 4.3 to 6.8 and 12.3 (12.3) 50 0.64 1.65 1.01 
B6 24-48 hours 12.3 37 to 50 0.44 0.92 0.68 
B7 6 days 9.8 to 12.3 5 to 25 (5) 3.07 0.19 0.33 
B8 6 days 12.3 37 to 50 1.09 0.08 0.05 
B9 activity could not be recovered 

B10 24 hours 4.3 5 to 25 (25) and 50 0.24 0.04 0.05 
B11 24-48 hours 12.3 37 to 50 0.31 0.83 0.52 
B12 6 days 9.8 to 12.3 (12.3) 5 to 25 (5) 1.87 0.33 0.02 D
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B13 6 days 9.8 to 12.3 (9.8) 5 to 50 (25 to 37)*** 6.15 1.74 0.78 
C1 24 hours 6.8 to 12.3 (6.8 to 9.8)*** 5 to 37 6.43 28.06 10.72 
C2 6 days 6.8 to 12.3 (9.8) 5 to 37 (25 to 37) 4.11 8.36 2.43 
C3 6 days at 25˚C + 1 day at 4˚C 9.8 to 12.3 5 to 37 (37) 0.48 0.18 0.16 
C4 48 hours 12.3 37 to 50 (50) 4.41 0.66 0.28 
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C5 48 hours 12.3 37 to 50 5.39 1.11 0.49 
D1 24 hours 9.8 to 12.3 5 and 37 0.30 0.22 0.15 
D2 24 hours 4.3 to 6.8 (6.8) 5 to 37 (37) 3.77 16.68 11.29 
D3 24 hours 6.8 to 9.8 (9.8) 25 to 37 (37) 22.83 16.80 1.73 
D4 6 days at 25˚C + 1 day at 4˚C 4.3 and 9.8 to 12.3 (9.8 to 12.3) 5 to 37 (5) 4.93 6.50 1.21 
D5 24 hours 12.3 37 to 50 1.65 2.28 0.38 
D6 6 days 4.3 to 6.8 (6.8) 5 and 37 1.85 10.14 3.10 
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D7 24 hours 4.3 to 9.8 (4.3 to 6.8) 5 to 37 (37) 9.61 28.60 16.59 
*Range of values in which the extract retains more than 70% of its activity; **One unit of lipase (U) is defined as the amount of enzyme that releases 1 µmol 
p-nitrophenol per min, in the assay conditions; ***Numbers between parentheses indicate the value in which the enzyme showed higher activity—it sometimes 
indicates a range of values. 
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After confirmation of lipase activity, the optimal pH 

and temperature of the extracts were defined (Table 2). 
Among the extracts, mesophilic lipases with an optimal 
pH in the basic range were prevalent, but psychrophiles 
and acidophilus were also observed. In general, bacterial 
lipases have optimal activity at neutral or alkaline pH 
[60-63]. Lipases from Bacillus species are active over a 
broad pH range (pH 3-12) [64], and our findings indi- 
cated that lipase extracts produced by Bacillus species 
often presented more than one optimal pH value. How- 
ever, in contrast to the findings of the previous study, 
lipases secreted by ours isolates belonging to the Bacillus 
genus showed less activity at high temperatures, with 

optimal activity at mesophilic temperatures. Only lipases 
secreted by B. cereus were more thermotolerant, reaching 
optimal activity at 50˚C. Some of our lipase extracts 
showed thermal stability up to 50˚C and retained more 
than 70% of activity after thermal treatment for 30 min, 
including A5 (Terribacillus sp.), A10 (family Flavobac- 
teriaceae), B3, B4 and B5 (Lysinibacillus spp.), B7, B8, 
and C5 (Bacillus subtilis), B10 (Mutualistic association 
of Bacillus sp. and Staphylococcus epidermidis), B11 
(Bacillus cereus), C2, D2, D3, D5, and D7 (Pseudomo- 
nas spp.), and D1 (Bacillus megaterium) (Table 3). The 
thermal resistance of lipases from Bacillus and Pseudo- 
monas has already been described [65-68]. 

 
Table 3. Percentage of lipase residual activity after various treatments. 

Collection site n˚ 10.25% (v/v) H2O2 
20.1% (v/v) NaClO 30.1% (v/v) Liquid detergent 410 mM EDTA 

5Thermal resistance for 30 min 
at 50˚C 

A1 101% 56% 0% 5% 36.9% 

A2 93% 95% 110% 59% 65.0% 

A3 117% 8% 40% 88% 21.5% 

A4 96% 0% 17% 78% 42.7% 

A5 57% 103% 78% 12% 77.4% 

A6 97% 1% 80% 80% 18.3% 

A7 82% 17% 28% 87% 45.8% 

A8 136% 116% 156% 110% 5.4% 

A9 Activity could not be recovered 
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A10 86% 0% 0% 34% 96.9% 

B1 102% 111% 101% 66% 7.3% 

B2 22% 0% 101% 56% 54.3% 

B3 14% 11% 11% 0% 81.8% 

B4 67% 10% 3% 384% 124.1% 

B5 63% 11% 43% 0% 73.6% 

B6 64% 109% 88% 28% 56.5% 

B7 60% 0% 118% 47% 72.9% 

B8 23% 36% 0% 22% 76.3% 

B9 Activity could not be recovered 

B10 42% 0% 167% 0% 98.6% 

B11 0% 103% 28% 18% 94.6% 

B12 25% 18% 74% 29% 44.3% 
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B13 41% 28% 7% 6% 26.1% 

C1 102% 110% 126% 0% 68.1% 

C2 103% 102% 125% 35% 100.2% 

C3 131% 52% 89% 0% 61.8% 

C4 0% 0% 0% 0% 51.5% 
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C5 41% 0% 20% 28% 75.3% 

D1 53% 0% 122% 41% 77.4% 

D2 95% 45% 70% 0% 71.0% 
D3 44% 9% 128% 0% 94.5% 
D4 111% 0% 1008% 2% 49.2% 

D5 47% 18% 192% 10% 85.1% 

D6 72% 0% 11% 81% 20.7% 
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D7 70% 0% 54% 0% 75.7% 

Results are shown for lipase activity after incubation in the presence of 10.25% (v/v) H2O2, 
20.1% (v/v) NaClO, 30.1% (v/v) liquid detergent, 410 mM EDTA, or 

5after thermal treatment for 30 min at 50˚C. Hydrolysis of p-NPB (C4) was used for all measurements. Controls with no treatment were used for comparison. 
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Bacterial lipases generally have optimal activity in the 

temperature range of 30˚C - 60˚C; however some reports 
have shown that bacterial lipases exist with optimal ac- 
tivity at both low and high temperature ranges [60,61,63, 
69]. Lipases quantification using pNP-butyrate (C4), 
decanoate (C10), and palmitate (C16) was done in a 
fixed condition for all enzymes, at 25˚C and pH 8.0 (Ta-
ble 2). The majority of lipase extracts were active on 
short chain esters, which was expected since the selec- 
tion was made with tributyrin. In addition, these findings 
are consistent with the fact that all lipases are also es- 
terases and harbor esterolytic activity. However, isolates 
A2, A10, B4, B5, B6, C1, C2, D2, D3, D4, D5, D6, and 
D7 showed a greater affinity for long chain esters, there-
fore characterizing a “true” lipase extract, since a “true” 
lipase hydrolyses esters with more than 10 carbon atoms 
(Table 2). 

There are three categories of microbial lipases: nons- 
pecific, regiospecific, and fatty acid-specific [55]. Non- 
specific lipases act randomly on triacylglyceride mole- 
cules, which results in the complete breakdown tofatty 
acid and glycerol. Regiospecific lipases are 1, 3-specific 
lipases that hydrolyze only primary ester bonds, which is 
observed in lipases produced by some Bacillus species. 
The third group, fatty acid-specific lipases, comprise 
those with a pronounced fatty acid preference [55]. De- 
spite showing activity on tributyrin-agarose, the isolated 
A7 (Bacillus pumillus) was inactive when evaluated for 
hydrolysis of pNP-ester with 4 and 16 carbons and ex- 
hibited poor activity for pNP-ester with 10 carbon atoms. 
This can be explained by the fact that some lipases have 
affinity for triacylglycerols, exhibiting no or little activity 
against mono- and diglycerides [17,70]. Another possi- 
bility is that A7 isolate was originally capable of pro- 
ducing more than one type of esterase. However, over the 
course of the passages in vitro, the strain began to only 
express the esterase that hydrolyzes the ester of 10 car- 
bon atoms. This behavior has been observed in some 
species in vitro. In addition, it is possible that our system 
was not sensitive enough to detect the reduced expres- 
sion after several passages in culture media. 

Some biochemical similarities can be observed be- 
tween microorganisms with the same identification. 
Lysinibacillus spp. isolates showed many similarities, 
including the expression of active lipases within 48 h of 
incubation, having an optimal pH that was alkaline and 
an optimal temperature of 37˚C of higher, and the ab- 
sence of gelatinase, caseinase, or amylase activity. Twen- 
ty strains belonged to the Bacillaceae family, of which 
15 belonged to the Bacillus genus. All strains identified 
as B. megaterium were gelatin-specific protease produc- 
ers and were unable to produce cellulase. They expressed 
extracellular lipase after 24 h of incubation over a dialy- 
sis membrane and their lipases had optimal activity at a 

pH in the alkaline range. In addition, these strains are 
mesophilic/psicrophilic and are more active against es- 
ters with only 4 carbon atoms. Among the five strains 
identified as B. subtilis, all were amylase and cellulase 
producers. Five were also capable of producing gelatin- 
specific proteases, but only 4 strains were able to pro- 
duce casein-specific proteases as well. All five B. subtilis 
lipases had better activity at an alkaline pH and against 4 
carbon esters. Among the five strains identified as Pseu- 
domonas spp. all were amylase and cellulase producers, 
and 4 were still capable of producing gelatin- and casein- 
specific proteases All Pseudomonas lipases presented 
considerable activity at 37˚C and against 10 carbon atom 
esters, indicating the presence of at least one type of li- 
pase (Tables 1 and 2). 

For preliminary assessment of the potential use of li- 
pases in sewage treatment, the thermal and chemical re- 
sistance of the enzymes was evaluated using p-NPB as a 
substrate (Table 3). An abundance of cleaning products 
and other chemical compounds are released daily from 
grease traps. None of the extracts maintained more than 
70% residual activity in all analyzed conditions. Isolate 
A2 (unclassified Saccharomycetales) exhibited the best 
results for all conditions combined and maintained more 
than 50% of residual activity in the presence of H2O2, 
NaClO, liquid detergent, EDTA, and thermal treatment. 
Other extracts that showed good results included B6 
(from Bacillus cereus) and B12 (from Acetobacter pas- 
teurianus). They showed residual activity in greater than 
20% of all of the conditions. In addition to the A2 extract, 
a combination of extracts could also be potentially ad- 
vantageous for the development of a biological method 
for cleaning O&G from grease traps and sewage treat- 
ment plant equipment. The strong inhibition caused by 
0.1% (v/v) detergent could be due to inactivation of the 
enzyme as a result of a disruption of its tertiary structure. 
When dishes, clothes or floor are washed, high concen- 
trations of detergents and soaps are released into the 
sewer over a short period of time. Therefore, the choice 
of a stable enzyme is an important aspect for sewage 
treatment. Therefore, we analyzed the ability of isolates 
to produce multiple degradative enzymes and found that 
isolates B2, B8, C4, C5, D1, D2, and D7 presented a 
wide range of ability in utilizing biopolymers commonly 
present in wastewater (Table 3). These isolates all pro- 
duced proteases and at least one other hydrolytic enzyme 
besides lipase. Among the 35 strains, more than 70% 
were able to produce at least two enzymes or more. This 
multiple approach allows for the use of a small number 
of isolates in sewage treatment, since each one individu- 
ally has the ability to secrete more than one enzyme at a 
time. This can also reduce the requirement for nutritional 
supplementation of the system. Among the extracellular 
lipases produced from the 35 strains, approximately 45% 
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were resistant to 0.25% (v/v) H2O2, approximately 20% 
were resistant to 0.1% (v/v) of NaClO or 10 mM EDTA, 
and more than 50% were resistant to 0.1% (v/v) liquid 
detergent (Table 3). 

Bioremediation techniques in situ include the intro- 
duction of different strains of live microorganisms to 
wastewater at various stages of its treatment. Almost all 
known methods for sludge treatment introduce microbial 
strains in the log phase of growth. These microbes are in 
active phase of multiplication, however their action re- 
quires time to degrade the substrats [71]. Estera et al. [72] 
previously developed a method for reducing the time for 
degradation, which includes first providing an enzyme 
mixture capable of digesting natural polymeric materials, 
and only the adding at least one species of fermenting 
bacteria to the system that is able to ferment the resulting 
suspension. Dash et al. [71] described a composition for 
the treatment of wastewater to remove pollutants that 
was comprised of a synergistic composition of microbes, 
enzymes, and cofactors/nutrients. The microbes in the 
composition were selected Pseudomonas aeruginosa, 
Pseudomonas fluorescens, Pseudomonas putida, Pseu- 
domonas desmolyticum, Coriolus versicolour, Lactoba- 
cillus sp., Bacillus subtilis, Bacillus cereus, Staphylo- 
coccus sp., and Phanerochaete chrysosporium, alone or 
in combination. The enzymes produced include proteases, 
lipases, amylases, glucose oxidases, and others. This 
composition exhibits synergy and effectively removes 
pollutants from the wastewater. Enzymes act by dissoci- 
ating the molecules to simpler forms, and microbes util- 
ize these intermediates in their metabolism, which results 
in the complete degradation of the pollutants in the 
wastewater. Microbes will grow faster due to the in- 
creasing availability of intermediates and therefore will 
produce more enzymes that can further degrade the pol- 
lutants. Thus, enzymes and microbes are interdependent 
and work together to facilitate faster degradation of the 
pollutant molecules [71]. 

Diverse microorganisms are able to hydrolyze differ- 
ent types of oil. However, the biodegradation process can 
be lengthy due to the low water solubility of oil [73]. In 
natural or induced conditions, many microorganisms are 
able to produce emulsifying agents, which minimizes the 
time required for biodegradation of O&G by enhancing 
hydrophobic substrate bioavailability [74]. Cell-bound 
esterase synthesis has been recently reported in associa- 
tion with the generation of surface active substances, 
indicating the coupled function of emulsification with 
lipolytic activity [75,76]. Biosurfactants increase the 
uptake of microorganisms when grown on insoluble sub- 
strates and also increase the efficiency of bioremediation 
[77]. 

As shown by Gautam et al. [78], Saharam et al. [79], 
and Pattanathu et al. [80], several species belonging to 

the genera Pseudomonas are capable of producing dif- 
ferent classes of biosurfactants. In our study, we found 
that various isolates belonging to those genera and Ba- 
cilaceae class (A3, A4, A5, A6, A7, B3, B4, B5, B10, C2, 
C4, C5, D2, and D5) were able to emulsify 2% soybean 
oil, although we did not identify the class of biosurfac- 
tant produced (Table 1).  

Acetobacter pasteurianus is an acetogenic bacterial 
species normally associated with wine production and 
spoilage [81]. It produces acetic acid due to the incom- 
plete oxidation of a carbon source into CO2 [81]. In our 
study, isolates B12 and B13 were associated with waste- 
water and lipase production. These enzymes preferen- 
tially hydrolyzed triglycerides with esters of 4 carbon 
atoms and were active in the basic pH range. Despite 
these similarities, they showed different chemical and 
thermal resistance, indicating that they are most likely 
different enzymes. In addition, these two strains were not 
able to produce any other type of hydrolytic enzyme or 
biosurfactant among those evaluated. 

According to the literature, emulsification of lipids 
would favor its hydrolysis, since the water-soluble 
lipolytic enzymes have greater surface contact with the 
substrate to be hydrolyzed due to the breakdown of lipid 
droplets. To evaluate the behavior of some of our isolates, 
five strains with different emulsification and hydrolysis 
profiles were subjected to metabolic quantification by 
reduction of alamar blue, in four different conditions: 1) 
LB broth culture media, 2) LB broth with 2% tributyrin 
(triglyceride of 4 carbons), 3) LB with 2% soybean oil, 
and (iv) LB with 2% lipid emulsion (Figure 1). The ini- 
tial curve of alamar blue reduction indicated the best 
volume of pre-inoculum and the optimal period of incu- 
bation in the presence of the reagent for each strain. The 
graphs in Figure 1 show that the presence of an emulsi- 
fied lipid in the culture medium did not increased the 
metabolic rates of any of the microorganisms, and rather 
the metabolic rate was reduced. However, previous in-
duction of lipase production by the addition of tributyrin 
to pre-inoculum media proved effective in raising the 
metabolism in all experimental conditions for the A3 and 
B1 strains. The only situation in which the induction was 
not efficient was for strain B13, wherein the pre-inocu- 
lum that was not induced was more metabolically effi-
cient in all experimental conditions. However, because 
lipase production may be influenced by the carbon 
source used in the induction process, the absence of li- 
pase production for strain B13 in the presence of tribu-
tyrin is justifiable, since no other inducer was evaluated. 
The metabolism of strains B1 and B12 was markedly in- 
creased in presence of tributyrin compared to the pres- 
ence of soybean oil, and these findings were in agree- 
ment with the hydrolysis of p-nitrophenol esters. Strains 
B12 and B13 were also more efficient at hydrolyzing  
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Figure 1. Metabolic status of five different strains when induced or non-induced pre-inocula were challenged against a sim- 
ple trigliceride, a complex mixture of triglicerides, or an oily emulsion of a complex mixture of triglicerides. Quantification 
of metabolism was performed by determining the percent reduction of 10% (v/v) alamar blue reagent. 

 
p-nitrophenol butyrate and more metabolically active in 
LB media containing 2% tributyrin. Similar results were 
observed for strain D4, which was more efficient in hy- 
drolyzing p-nitrophenol decanoate and more metaboli- 
cally active in LB media containing 2% soybean oil 
(Figure 1).  

solid reduction was observed with increasing enzyme 
concentration. That reduction occurred due to the hy- 
drolysis of residual polymers, proving that enzymatic 
synergism can effectively reduce the organic matter in 
industrial wastewater pretreatment plants. 

4. CONCLUSION Cellulose is the most common organic polymer. It is 
the most prevalent material in waste from agriculture and 
the most abundant renewable biopolymer on Earth [82]. 
A promising strategy for utilization of this energetic re- 
newable source is microorganism-mediated hydrolysis of 
discarded lignocellulose, followed by fermentation of the 
resulting compound, which produces the desired metabo- 
lites or biofuel [82]. Among our selected lipolytic micro- 
organisms, 34.3% presented also hydrolytic activity 
against CM cellulose. Parmar et al. [83] showed that a 
mixture of hydrolytic enzymes, such as cellulases, prote- 
ases, and lipases, in equal proportion by weight, reduced 
total suspended solids (TSS) by 30% - 50% and im- 
proved sedimentation of solids in sludge. An increase in  

Cultures isolated from the vast diversity of microor- 
ganisms provide a major source of biological material for 
industrial biocatalysts and other environmental applica- 
tions. Lipases and esterases obtained in this study pre- 
sented different resistances and affinities. Enzymes were 
characterized with the aim of identifying suitable candi- 
dates for use in wastewater treatment. The good stability 
of isolated lipases in the presence of chemical agents, 
thermal stability, wide range of pH activity and tolerance, 
and affinity for different lengths of ester chains indicates 
that some of these enzymes may be good candidates 
for the hydrolysis of organic compounds and polymers  
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present in the wastewater of diverse industries. As bacte- 
rial enzymes are highly robust, being active over a wide 
range of pH and temperature and possessing a diverse 
range of substrate specificity, they could easily be used in 
pretreatment sludge processes, since they possess ade- 
quate resistance of some chemical elements and can be 
produced at a low cost. The absence of purification re- 
quirements contributes to the cost reduction of using 
these enzymes for sewage treatment. In addition, it is 
possible that a combination of two or more enzymes may 
facilitate the process of complete hydrolysis of triglyc- 
erides, proteins, and lignocellulose that normally occurs 
in the wastes of industrial processes. However, careful 
selection of the strains to be used in sewage treatment is 
essential, because it may be possible to use fewer strains 
to achieve the same purpose, since several strains showed 
the capability of producing two or more enzymes. This 
will ensure that the hydrolysis of all compounds com- 
monly discarded in wastewater will be sufficiently 
achieved. In order to give a more real reflection of deg- 
radation capabilities of those microorganisms, further 
studies will use a simulation condition of common sew- 
age as culture to test the degradation capabilities, and 
also focus on optimizing hydrolysis conditions with the 
aim of using combined enzyme/microbial strategies for 
improving industrial wastewater treatment processes. 
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