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Utilization of agroindustrial byproducts for the production
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Abstract

This study aimed to evaluate the production of lipases by a new strain of Pseudomonas sp. using
fermentation medium containing byproducts of poultry meat or soybean oil industry. The results
indicate that chicken fat and soybean gum induced 48.3 U/mL and 93.3 of lipase activity, respectively.
However, the higher lipase production was obtained when the crude lecithin gum was used, archiving
272.6 U/ml of activity after 24 hours. The partial biochemical characterization of the enzyme showed
that the optimum reaction conditions were pH 9.0 and 35 °C. The enzyme was stable at temperatures
between 25 to 75 °C and at pH from 6 to 9. The enzyme also showed good stability in organic solvents,
such as acetronitrile, hexane, ethanol and isopropanol. This study indicates that the byproducts tested
are promising for the production of lipase and can contribute to the reduction of enzymatic production
costs on a large scale, increase the value of these byproducts and reduce potential environmental
impacts caused by its accumulation in nature.
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Resumo

Este estudo teve como objetivo avaliar a producao de lipases por uma nova cepa de Pseudomonas
sp. utilizando meio de fermentagdo contendo subprodutos de industrializacdo de carne de frango
e 6leo de soja. Os resultados indicaram que a gordura de frango e a goma de soja induziram 48,3
U/mL e 93,3 U/ml de atividade lipasica, respectivamente. No entanto, a producdo de lipase mais
elevada foi obtida quando a goma de lecitina bruta foi utilizada, induzindo 272,6 U/ml de atividade
apos 24 horas. A caracterizacdo bioquimica parcial da enzima mostrou que as condi¢des de reacao
otimas foram de pH 9,0 e 35 °C. A enzima foi estavel nas temperaturas entre 25a 75 °CepHde 6 a
9. A enzima mostrou boa estabilidade em solventes organicos, tais como acetonitrila, hexano, etanol
e isopropanol. Este estudo indicou que os subprodutos testados sdo promissores para a producdo
de lipase e podem contribuir para a redugdo dos custos de producdo enzimatica em larga escala,
aumentar o valor desses subprodutos e reduzir potenciais impactos ambientais causados por sua

acumulagdo na natureza.

Palavras-chave: Goma de lecitina bruta. Gordura de frango. Enzima. Fermentacao.

Introduction

The utilization of enzymes in industrial
processes arouses great interest due to the ease of
obtaining and advantages in relation to chemical
catalysts. The enzymatic catalysis allowing
the increase of the products quality, reduction
of production costs and less environmental
impact. Consequently, the enzyme industry has
progressively grown. The global market for
industrial enzymes was estimated as $ 4.2 billion
and is expected to growth 7% until 2020. Lipases
are enzymes which have significant biological and
industrial importance and ranks among the most
currently commercialized enzymes after proteases
and carboxylases."

Lipases (triacylglycerol ester hydrolase,
EC 3.1.1.3) are enzymes that catalyze the total or
partial hydrolysis of fats and oils, releasing free
fatty acids, diacylglycerols, monoacylglycerols,
and glycerol.*® Lipases are ubiquitous in
nature and are produced by plants, animals and
microorganisms.®) However, microbial lipases,
native or recombinant, are the most used in
different biotechnological applications.® The
great industrial potential of microbial enzymes
is due to their stability and variety of catalytic
activity when compared to lipases of plant and

animal origin. In addition, microorganisms can

grow rapidly on inexpensive media and their
growth are not affected by seasonal fluctuations.

The production costs are a major obstacle to
the industrial application of lipases. An alternative
for decreasing the production costs is the use of
substrates such as industrial waste or byproducts.”)
Therefore, it is important to point out that the
industry dispense tons of waste that apparently has
no function. However, this waste or byproducts are
rich in nutrients as proteins, carbohydrates, lipids
and minerals salts that can easily metabolized by
microbial strains.®

In this study, we reported the production
of a lipase by a new strain of Pseudomonas sp.
in medium containing residual chicken fat and
soybean oil residues as the only carbon source. The
results showed that byproducts were very effective
in the production of lipase by Pseudomonas sp and
could contribute to the reduction of the production
costs of this enzyme.

Materials and Methods
Microorganism

The strain named Pseudomonas sp. BF-6
were isolated from slaughter poultry effluent
located in Londrina, PR, Brazil, using the minimum
solid medium containing (g/L): NaNO; (4),
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KH,PO,, (1.5), FeCls (0.05), MgSO, (0.2), CaCl,
(0.01), Na,HPOy4 (0.5), yeast extract (0.05), agar
(15) and 0.001% of Tween 80 and 1% of olive oil.
After isolation, BF-6 was maintained in DYG’S
medium at pH 6.0 containing (g/L): glucose (2),
bacteriological peptone (1.5), yeast extract (2),
K,HPO4 (0.5) and MgSO, (0.5) and 40% glycerol.
The strain was preserved at -80 °C in glycerol.

Identification of isolated strain

BF-6 was identified by 16S rRNA gene
sequencing. The genomic DNA was extracted
using System AxyPrep™ Bacterial Genomic DNA
Miniprep Kit (Axygen Biosciences) according
Genes for 16S
rRNA was amplified using specific primers (fD1
AGAGTTTGATCCTGGCTCAG) and (1Dl
AAGGAGGTGATCCAGCC).” The reaction was
performed in a PTC 200 thermocycler (J Research
Inc.), using an initial cycle of denaturation at
95 °C for 2 min; 30 cycles at 94 °C for 15 sec
(denaturation), 93 °C for 45 sec (denaturation),
55 °C for 45 sec (annealing), 72 °C for 2 min
(extension); and a final extension at 72 °C for
5 min. In order to obtain the sequence for 16S
rRNA, the PCR products were submitted to
five PCR reactions using primers FDI1,” Y2
(CCCACTGCTGCCTCCCGTAGGAGT),1? 362f
(- CTCCTACGGGAGGCAGCAGTGGGQG),
786f (- CGAAAGCGTGGGGAGCAAACAGG)
and 1203f (1179-1203 - GAGGTGGGGATGA
CGTCAAGTCCTC).MY All reactions were
performed using the following program: initial
denaturation at 95 °C for 2 min; 30 cycles at
95 °C for 10 sec (denaturation), 50 °C for 4 sec
(annealing); 60 °C for 4 min (extension), and final
cooling to 4 °C. The PCR products were purified,
sequenced, and aligned.!"V The identification of the
isolates was performed by aligning the gene for
the 16S rRNA of isolate with sequences deposited
in GenBank (http://www.ncbi.nlm.nih.gov/blast),
considering the highest identity obtained. The
phylogenetic tree was generated using Neighbor-
Joining tree method and the numbers at nodes

to manufacturer instructions.

show the bootstrap values obtained with 1000
K-12
sequence was used as outgroup. Phylogenetic and
molecular evolutionary analyses were conducted
using MEGA version 4.

resampling analyses. Escherichia coli

Carbon alternative sources

Chicken fat (CF) was donated by Big Frango
slaughterhouse located in Rolandia, PR, Brazil
and consists of a byproduct of industrialization
of chicken meat. Soybean gum (SG) and crude
lecithin gum (CLG) were donated by Cocamar
located in Londrina, PR, and are byproducts of
soybean oil refining process.

Submerged fermentation

The strain BF-6 was grown in 125 ml flasks
containing 30 ml of minimum medium containing
(g/L): NaNO; (4.0), KH,PO, (1.5), FeCl; (0.05),
MgSO4 (02), CaCl, (0.01), Na,HPO, (0.5),
yeast extract (0.05) and 1% of CF, SG, or CLG
(w/v). Olive oil was used as a control at the same
concentration. The inoculum containing 0.2 g/L
of cells was used in all fermentations. The flasks
were incubated at 28 °C, 200 rpm for 96 hours.
Samples (2 ml) were removed at 24 hours intervals.
To evaluate the effect of CLG concentration on
lipase production, the strain was cultured at the
same conditions for 24 hours in minimum medium
containing different concentrations of CLG
(0.5% to 5.0% (w/v)). The fermentations were
interrupted by centrifugation at 9056 x g for 10
minutes, at 4 °C. Supernatant was used for assay
of lipase activity and the precipitate was used for
determination of biomass.

Effect of temperature and pH
on lipase production

To wverify the optimum temperature for
lipase production, the strain was cultured in
minimum medium containing 2% of CLG (w/v)
and incubated at different temperatures (25 °C,
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30 °C, 35 °C and 45 °C) at 200 rpm for 24 hours.
For investigated the optimum pH the strain was
cultured in minimum medium added to 2% of
CLG (w/v) at different pH (3, 4, 5, 6,7, 8, and 9) at
200 rpm, 35 °C for 24 hours. Fermentations were
interrupted by centrifugation at 9056 x g for 10
min, at 4 °C. The supernatant was used for assay
of lipase activity and the precipitate was used for
determination of biomass.

Determination of lipase activity and biomass

The lipase activity was assayed using
p-nitrophenyl-palmitate (pNPP) as substrate.('?
The cell-free supernatant was incubated with
pNPP (8.0 mM dissolved in isopropanol), 50
mM Tris-HCI buffer (pH 8.5) containing Triton
X-100 (0.4% w/v), at 37 °C, for 10 minutes. The
release of pNPP was measured at 410 nm. One
unit of enzyme activity (U/ml) was defined as the
amount of enzyme required to release 1 pmol/
min of p-NPP. The biomass was determined
by spectrophotometry at 620 nm, according to
previously determined calibration curve.

Determination of optimal pH
and temperature of crude lipase

The optimum temperature for the lipase was
determined by incubating the enzyme with the
substrate (p-NPP) at temperatures ranging from
25 to 75 °C, in 50 mM Tris buffer, pH 8.5 for
10 minutes. The thermal stability was studied by
incubating the enzyme at each desired temperature
for 2 hours. The optimum pH for the crude lipase
was determinate by incubating the enzyme with
p-NPP at various pH ranging from 3.0 to 9.0 at
optimized temperature value in the following
buffers: 50 mM citrate phosphate buffer (pH
3.0-6.0), 50 mM Tris buffer (pH 7.0-9.0), for 10
minutes. The pH stability was studied by incubating
the lipase at each desired pH, and then measuring
the lipase activity after 2 hours.!?

Effect of surfactants and organic solvents
on crude lipase activity

The stimulatory or inhibitory effect of
organic solvents and detergents on the enzyme
activity was carried out by the addition of 10%
(v/v) of isopropanol,
acetone, hexane, Tween 80 and Triton X-100 on
the enzyme solution, for 2 hours, at 30 °C. After
incubation, the residual activity of the enzyme
was measuring.?

ethanol, acetonitrile,

Results and Discussion
Identification of bacteria strain

The 16S rDNA sequence of the isolate
was blasted using megablast tool of GenBank
(http://www.ncbi.nlm.nih.gov/). This revealed
that this isolate belongs to a Pseudomonas
genus. Representative of maximum homologous
sequences were used for the construction of
phylogenetic affiliation (Figure 1). The nucleotide
sequence reported here has been assigned an
accession number GI824991972 from NCBI
Gene Bank database. Pseudomonas is a genus of
gram-negative, aerobic gamma proteobacteria,
belonging to the family Pseudomonadaceae
containing 191 validly described species. The
members of the genus demonstrate a great deal of
metabolic diversity, and consequently are able to
colonize a wide range of niches.
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Figure 1 - Phylogenetic tree based on 16S rRNA sequences of Pseudomonas sp. BF and other lipase
produced by Pseudomonas. Tree was generated using Neighbor-Joining tree method and
the numbers at nodes show the bootstrap values obtained with 1000 resampling analyses.
Escherichia coli K-12 sequence was used as outgroup. Phylogenetic and molecular
evolutionary analyses were conducted using MEGA version 4.
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Optimization of lipase production
by Pseudomonas sp.

The lipase production by Pseudomonas
sp. was assessed by submerged fermentation,
which is the commonly used method for lipase
production in large scale.!¥ Initially, the strain was
cultured in medium containing olive oil as carbon
source. According to the results, the higher lipase
production was observed after 24 hours of culture
(35 U/ml). After 72 hours, a drastic drop of the
enzyme production was detected (6.1 U/ml). Similar
results were obtained by other authors!'® which
showed greater lipase production by Pseudomonas
aeruginosa after 28 hours of incubation. On the
other hand, Ruchi and coworkers"¥ reported higher
lipase production by Pseudomonas aeruginosa
after 48 hours of incubation. The greatest biomass
values were detected in 48 hours of fermentation
(11.6 mg/ml) (Figure 2). According to the literature,
bacteria belonging to the genus Pseudomonas
produce different types of lipases, in submerged
or solid-state fermentation'®. In addition, some
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gi|68132301 P. flucrescens FLM05-2
100|181 3309635 P gessardii
T4 'gi|237770131 P. gessardii CLRII
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00 gil38859601 3 Pseudomonas sp. LM
09 |:gf 3790327064 P aeruginosa NSD 09
TQ gi|386869632 P. otitidis strain SC

gil307147997 Escherichiacoli K-12

authors have described the simultaneous production
of lipases and proteases by Pseudomonas strain.!

Figure 2 - Biomass (A) and lipase activity (B)
of Pseudomonas sp. cultivated for 96
hours in minimum medium containing
1% (w/v) of chicken fat (CF), soybean
gum (SG), crude lecithin gum (CLG) or
olive oil (OL) at 28 °C, 200 rpm. All
measurements are the mean of three
experimental data.
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Aiming to increase the lipase production,
some alternatives sources of carbon were tested. The
results showed that all tested substrates were able to
induce lipase production. Interestingly, the CF was
capable to induce significant amount of biomass
reached 14.96 mg/ml after 24 hours (Figure 2A).
The biomass remained constant after 48 hours and
a decrease was observed after 72 hours. The lipase
activity reached its maximum after 24 hours (48.3/
ml) and showed a decrease after 48 hours of culture
(Figure 2B). These results suggest that CF can be
used for lipase production by Pseudomonas sp. In
recent years, the production of poultry meat has
increased significantly, generating large amounts
of industrial waste from the processing of poultry.

These agroindustrial wastes are rich in lipids and
can be used in various products, but are frequently
used in products with low added-value.®

The main byproduct of soybean oil refining
industry, SG, was also evaluated as a possible
source of carbon for the production of lipase
by Pseudomonas sp. The results showed that
the cultivation of Pseudomonas sp. in medium
containing SG biomass reached values of around 6-7
mg/ml in all tested time intervals (Figure 2A). The
lipase activity was higher after 48 hours, reaching
93.3/mL (Figure 2B).

Soybean oil refining process also generates
CLG, which contains approximately 50% of
phospholipids and 25% of oil. The culture of
Pseudomonas sp. in CLG resulting in lower values
of biomass (about 3-4 mg/mL), when compared to
other byproducts. However, the CLG resulted in the
higher lipase activity when compared to CF and SG,
reaching about 186.220 U/ml of lipase activity after
24 hours of incubation (Figure 2B). Soybean lecithin
have been used in the human diet since they improve
the nutritional status of diets by emulsification of
fats, allowing an increase in digestion and absorption
of fats. Lecithin has other important functions, such
as antioxidants and has been shown to be a natural
antioxidant for use in pigs and poultry food."'® In
addition, the results presented in this study suggest
that the CLG can be used as carbon source for the
lipase production inducing high enzyme activity.

Figure 3 - Biomass and lipase activity of Pseudomonas sp. cultured (28 °C, 200 rpm,
24 hours) on minimal medium containing different concentrations of CLG.
All measurements are the mean of three experimental data.
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The next step was to evaluate the optimal
concentration of CLG for the production of lipases
by Pseudomonas sp. The results indicated that
concentrations between 1.5% and 2.0% of CLG
produced the highest enzymatic activity, reaching
264.2 U/ml and 272.6 U/ml, respectively (Figure
3). The biomass values increased in proportion to
the concentration of CLG in the culture medium.
The optimization of temperature and pH to lipase
production was performed in medium containing
2.0% of BL after 24 hours of cultivation. The results
showed values of biomass around 7.0 mg/mL in
all tested temperatures. The lipolytic activity was
higher in 30 °C, reaching 408.7 U/ml of enzymatic
activity. A decrease in lipase activity was observed
at temperatures above 35 °C (Figure 4). Using a
temperature of 30 °C, the microorganism also
was able to grow in a wide pH range (Figure 5).
A good lipase production was observed in all
tested pH values, with more production at pH 6.0

(812.7 mg/mL). The results obtained in this study
are in agreement with the literature that shows
that lipases from Pseudomonas are more active
in temperature between 30 °C and 40 °C."” On
the other hand, these authors observed the highest
enzyme production in pH around 9.

In the previous study it was showed that
the dairy effluent constitute a useful medium for
lipase production by Trichoderma atroviride
676, contributing to reduce the fermentation
cost and helping to minimize environmental
problems caused by dairy industry.!® Ramani and
coworkers'” also showed the production of lipase
by Pseudomonas gessardii using beef tallow as a
substrate. Furthermore, Salihu and coworkers®?”
reported the production of lipase by Candida
cylindracea using effluent oil obtained in refining
industry. Asih and colleagues®” reported the
production of lipase by Candida cylindracea using
palm oil mill effluente.

Figure 4 - Lipase activity and biomass of Pseudomonas sp. cultured on minimal medium
containing 2% of CLG incubated in different temperatures (25 °C, 30 °C, 35 °C,
40 °C and 45 °C) at 200 rpm for 24 hours. The assays were performed in triplicate.
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Partial biochemical characterization
of crude lipase

The crude lipase was active in the range of
temperature from 25 to 75 °C with higher activity
at 35 °C. The thermo stability assay showed that

Biomass (mg/mL)

the lipase from Pseudomonas sp. retained stable at
all tested temperature, showing a mild decrease at
65 °C and 75 °C (Figure 6A). Lipases from other
strains of Pseudomonas such as P. fluorescens 2D,
HU380 P. fluorescens, P. fragi and P. mendoncina
were also more active in the temperature range
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between 35 °C and 45 °C.%*?» The maximum
relative activity of lipase was observed at pH 9.0.
However, the sample also showed higher activity
at pH 6 suggesting that more than one lipase in
the enzyme extract. Dandavate and coworkers?
described an alkaline lipase from Burkholderia
multivorans with maximum activity at pH 8.
Similar results were obtained for the stability test
after 2 hours of incubation (Figure 6B). At pH 4
and 5 the crude lipase showed absence of/or very
low enzymatic activity (Figure 6B).

The effect of different organic solvents on
lipase stability is shown in Figure 6C. All organic
solvents have moderate inhibitory effect when
compared to the control. However, the enzyme
showed good stability in organic solvents such
as acetronitrile hexane, ethanol and isopropanol.
Total lack of residual activity was observed in the
presence of detergent Triton X -100 and Tween
20. Dandavate and coworkers®® also described the
characterization of organic solvent tolerant lipase
isolated from Bukholderia multivoran.

Figure 5 - Lipase activity and biomass of Pseudomonas sp. cultured on minimal medium
containing 2% of CLG in initial different pH (3, 4, 5, 6, 7, 8 and 9) at 200 rpm, 35 °C
for 24 hours. All measurements are the mean of three experimental data.
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Figure 6 - Activity (10 minutes of incubation) and stability (2 hours of incubation) of lipase at
different temperatures (A) and pH (B). Effect of organic solvents and surfactants on

lipase activity was also evaluated (C).

Lipase activity in the absence of organic solvents

and surfactants (control) was considered as 100%. The experiments were performed
in duplicate. The values represent the average of two independent experiments.

120
100
80
60
40
20
0

A

Relative activity

250C 350C

—4— Activity

/\N

450C 55eC 652C 75eC
Temperature
Stability

Continues

Semina: Ciéncias Biolégicas e da Saude, Londring, v. 41, n. 2, p. 165-176, jul./dez. 2020



Utilization of agroindustrial byproducts for the production of lipase by a new strain of Pseudomonas sp.

Continuation

140
120

z

80
60
40
20

Relative activity

== Activity

120 -

C

100

Residual activity (%)

Font: Authors

Conclusions

The results showed the possibility of using
the CLG as substrate for lipase production by
Pseudomonas sp. and can contribute in the
reduction of production cost of lipases in industrial
scale, and increase the market value of soybean
oil byproducts. To our knowledge, this is the first
study on the optimization of lipase production
from Pseudomonas sp. using CLG based medium.
In addition, lipase from Pseudomonas sp. is stable
in a wide range of temperatures and pH and has
good stability in organic solvents. Active and

Stability

stable in alkaline lipases are industrially very
attractive and have great potential for application
in the detergent industry. Furthermore, it can be
used for biodiesel synthesis, biopolymers and
production of pharmaceuticals, agrochemicals and
fragrances and cosmetics.
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