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Abstract: This work aimed to assess the effect of some variables on the lipase extraction from the fermented
medium in order to establish the experimental conditions that maximize the yield of the enzyme obtained from
solid state fermentation of soybean meal and a newly isolated strain of Penicillium sp. The experimental design
technique was used to investigate the effect of relevant variables on lipase activity. The factors investigated
were solvent pH (5.5-8.5), stirring rate (50-150 rpm), temperature (25-49°C) and solid:liquid ratio (1:20-5:20). The
effect of time of contact was evaluated in a kinetic study. Higher lipase activities in the extraction study were
obtained using phosphate buffer 100 mM pH 7.0, at 25°C, 150 rpm and solid:liquid ratio of 5:20. Extraction
kinetics showed that maximum activity (175.15 U/g) was obtained in 15 min of extraction. 
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INTRODUCTION enzymes as catalysts, at present, the high cost of enzyme

Lipases (E.C.3.1.1.3) are enzymes that hydrolyze industrial applications of enzyme-catalyzed processes [6].
water-insoluble  esters,  such  as  long  chain The lipases production by solid state fermentation (SSF)
triacylglycerols.  This  class  of   enzymes   acts   on  the on different substrates combined to the large variety of
oil-water  interface,  where  the  activity of it is increased fungi available has already been reported in many studies,
by interfacial activation. Besides, lipases also catalyze as well as the advantages of this fermentation technique
esterification and transesterification reactions when used when compared to the submerged fermentation [8,9]. In
in non-aqueous medium [1]. this sense, it is important to mention that the use of agro-

Microbial lipases present a large potential of industrial residues as substrates in the production of
applications, involving food, pharmaceutical, chemistry, lipase by solid-state fermentation could significantly
waste treatment, tannery, cosmetics and medical industry reduce the final price of the enzyme and also add value to
[1-3]. Many techniques for obtaining high yields in lipase low cost materials on the market [10]. Besides this, the
production have been developed and improved. More products obtained by SSF are naturally concentrated at
resistant and specific enzymes have been sought for the end of the process, needing to be efficiently extracted
increasing the possible industrial applications of these from the fermented medium [11]. 
catalysts [4]. Temperature and pH are known to be important

Recently, lipases have achieved a prominent position parameters in the extraction of solutes from solids. In
on the world enzyme market, clearly demonstrated by the addition, when dealing with enzymes, the thermal stability
large amount of information reported in the literature [5]. of the enzyme, which is a function of the exposure time,
After the proteases and amylases, lipases are considered must also be taken into account. Therefore when studying
as the third group in sales volume, involving a one billion the solid-liquid extraction of enzymes, it is of crucial
dollar trade and showing great versatility, which makes importance to test the influence of five different
them especially attractive for industrial applications [5-7]. parameters-type of solvent, solid:liquid ratio, temperature,
Though considerable progress has been made over recent agitation and contact time - and the interrelation amongst
years towards developing cost-effective systems using them [12].

production still remains the major obstacle to large-scale
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Few studies on enzyme extraction in SSF have been 55 % with distilled water. After sterilization (121ºC, 15 min)
reported in literature. Some reports investigated the
extraction of pectinases obtained by SSF, verifying the
influence of temperature, stirring rate and time of
extraction in batch extraction and in fixed bed multiple
stage extraction [12]. The extraction of xylanases obtained
by SSF was also studied using experimental design
technique, where the kind of solvent, the extraction
temperature, the solid:liquid ratio, the stirring rate and the
extraction time were investigated [13].

In this context, the aim of this work was to assess the
extraction parameters of a lipase obtained by a newly
isolated strain of Penicillium sp. through solid state
fermentation (SSF) using soybean meal as substrate.

MATERIALS AND METHODS

Microorganism and Inoculum: Following a standard
procedure for isolation, several microorganisms were
isolated from different sources as olive oil, cheese, tomato
extract, soybean oil, milk cream, meat, soybean meal and
contaminated culture media (data not shown). The most
promising strain, isolated from soybean meal, was
preliminarily identified as Penicillium sp. and used in this
work. This microorganism was maintained in glycerol and
potato dextrose agar slants under refrigeration. 

Erlenmeyer flasks (500 mL) with 100 mL of sterile PDA
(potato  dextrose  agar)  medium  were  inoculated   with
0.5 mL of a spore suspension obtained from stock
cultures. The flasks were incubated for seven days at
30ºC. Spore collection was carried out by adding 20 mL of
an aqueous 0.1% (v/v) of Tween 80 solution and sterile
glass beads to the flasks. The resulting suspension was
then used as inoculum, after adjusting the amount of
spores to achieve a final concentration of 10  spores/g of8

dry meal [7].

Solid State Fermentation: The substrate used in all runs
was soybean meal from a same batch and purchased from
a local industry (Olfar, Erechim, Brazil). The meal is the
residue of soybean oil extraction after cold press and
solvent  extraction. The substrate was pre-characterized
as (g/kg): moisture 30.0, protein 425.0, lipids 85.0,
carbohydrate 300.0, fiber 100.0, ashes 60.0, nitrogen 68.0,
carbon 454.0 [14].

The meal was sieved (Tyler 1-115) and the higher
fraction (Tyler 9-16) was collected and stored at -18°C
until the use. Fermentations were carried out with 10 g of
dry meal in cylindrical reactors covered with hydrophobic
fabric. The moisture content of the  meal  was  adjusted to

each reactor was inoculated with a suspension of spores
to a final count of 2×10  spores/mL and incubated at 27ºC6

for 48 h in a chamber with control of temperature and
humidity (set at 85 % of saturation). All experimental
conditions were established in previous works [14-16].

Hydrolysis Activity Assay: Lipase hydrolysis activity was
assayed using an emulsion of olive oil (10% m/v) in arabic
gum (5% m/v) in sodium phosphate buffer 0.1 mol/L pH
7.0. After incubation for 15 minutes at 37°C and 160 rpm,
the reaction was stopped by addition of a solution of
acetone/ethanol  (1:1). The fatty acids produced due to
the hydrolysis were titrated with NaOH 0.05 mol/L.
Control assays (blanks) were carried out adding the
acetone/ethanol solution right after the enzyme addition.
One unit  of  lipase  activity  was defined as the amount
of enzyme preparation necessary to produce 1 µmol of
acid per minute in the assay conditions. The results are
expressed  in  terms of units per gram of dry substrate
(U/g) [7].

Optimization of Extraction Conditions: A factorial
experimental  design  using response surfaces was used
to study the enzyme extraction from the fermented
medium. A complete factorial design (2 ) was built with4

this  purpose  and  is  presented  in  Table  1.  The  factors

Table 1: Matrix of the 2  experimental design (coded and real values), with4

the respective responses in terms of hydrolytic activity (after 30
minutes of extraction)

T Stirring rate Solid:liquid Hydrolytic
Run (°C) (rpm) pH ratio (S:L) activity (U/g)
1 -1 (25) -1 (50) -1 (5.5) -1 (5:20) 85.39±2.35
2 1 (49) -1 (50) -1 (5.5) -1 (5:20) 39.02±2.16
3 -1 (25) 1 (150) -1 (5.5) -1 (5:20) 107.81±0.12
4 1 (49) 1 (150) -1 (5.5) -1 (5:20) 21.12±1.69
5 -1 (25) -1 (50) 1 (8.5) -1 (5:20) 99.90±2.74
6 1 (49) -1 (50) 1 (8.5) -1 (5:20) 0.99±1.41
7 -1 (25) 1 (150) 1 (8.5) -1 (5:20) 114.52±12.71
8 1 (49) 1 (150) 1 (8.5) -1 (5:20) 0
9 -1 (25) -1 (50) -1 (5.5) 1 (1:20) 83.64±10.05
10 1 (49) -1 (50) -1 (5.5) 1 (1:20) 68.40±8.48
11 -1 (25) 1 (150) -1 (5.5) 1 (1:20) 21.43±13.91
12 1 (49) 1 (150) -1 (5.5) 1 (1:20) 47.40±4.24
13 -1 (25) -1 (50) 1 (8.5) 1 (1:20) 153.69±15.34
14 1 (49) -1 (50) 1 (8.5) 1 (1:20) 0
15 -1 (25) 1 (150) 1 (8.5) 1 (1:20) 186.36±25.43
16 1 (49) 1 (150) 1 (8.5) 1 (1:20) 1.26±1.78
17 0 (37) 0 (100) 0 (7.0) 0 (3:20) 96.69±1.53
18 0 (37) 0 (100) 0 (7.0) 0 (3:20) 79.56±0.31
19 0 (37) 0 (100) 0 (7.0) 0 (3:20) 91.63±2.61
Where: -1 corresponds to the lower level; +1 corresponds to the higher level
and 0 to the central point
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investigated  were  solvent  pH   (5.5-8.5),   stirring  rate R=0.89) that showed that the calculated F (19.89) was
(50-150 rpm), temperature (25-49°C) and solid:liquid ratio higher than the tabulated one (3.29). The coded model
(1:20-5:20). The effect of time of contact was evaluated in was used to build the response surfaces showed in
a kinetic study. The dependent (response) variable was Figures 1 and 2.
the lipase hydrolytic activity in the crude extract. The
solvent (sodium phosphate buffer) and ranges of stirring (1)
rate, pH and temperature were chosen based on some
recent studies related to the extraction of xylanases [13], where:
pectinases [12] and inulinases [17] and on our previous A = Lipase activity (U/g dry cake);
experience with lipases [14-16]. It is worth noting that no T = Temperature (ºC);
previous systematic study about lipase extraction could pH = pH;
be found in the literature. S:L = solid:liquid ratio.

Extraction  was  carried  out  in   erlenmeyer  flasks
(250  mL)  by  addition  of  the  sodium  phosphate  buffer As evidenced by Equation 1, the temperature had a
in the experimental conditions established in the negative effect on enzyme extraction from fermented
experimental design. The samples (10 g) were stirred in an soybean meal. Possibly thermal deactivation of the
orbital shaker for 30 minutes, condition determined in enzyme might be occurring during extraction. The stability
previous works [14-16]. The separation of the liquid phase of the crude enzymatic extracts obtained in this work by
was carried out with a manual squeezing device. The SSF with Penicillium sp. and soybean meal as substrate
supernatant was used to assay lipase activity. All assays showed that temperature of 25°C provided the best
were carried out in triplicate runs. stability and pH presented the same rate of activity loss

Statistical Analysis: Statistical analysis was performed pH was not significant (p<0.05). However, interaction
with the results obtained at 30 min of extraction using effects of pH with the other two variables are pronounced.
Statistica (StatSoft Inc., version 5.1). The statistical This study indicates that pH is a relevant factor for
significance  of  the  regression coefficients was 95 %. extraction and preservation of enzyme activity.
The optimum levels of the variables were obtained by The extraction of lipases from Penicillium restrictum
graphical analysis. using babassu cake as substrate was carried out by

RESULTS AND DISCUSSION 37ºC, leading to lipase activities of 30 U/g [18,19].

Optimization of Lipase Extraction Conditions: A full (pH 7.0) for 20 min at 35ºC for lipase extraction from
experimental design with four variables (pH, temperature, Penicillium simplicissimum using babassu cake as
stirring rate and solid:liquid ratio) was carried out so as to substrate in fixed-bed bioreactors, obtained lipase
verify the first and second order effects and the activities of 26 U/g, equivalent to lipase production in
interaction between the variables during the lipase packed-bed bioreactor on the  same  conditions  [20].
extraction. Table 1 presents the matrix of the experimental Using soybean meal as substrate and Penicillium
design showing the real and coded values and the simplicissimum as microorganism, lipase activities of 30
respective responses in terms of lipase activity obtained U/g were achieved by adding 100 mM phosphate buffer
after 30 minutes of extraction, defined in agreement with (pH 7.0) for 30 min at 35ºC and 21 U/g of dry cake was
previous works [15,16]. A first view of this table permit us obtained by Di Luccio et al., on the same extraction
to observe that the highest lipase activity (run 15) was conditions [15]. Using soybean meal as substrate and
obtained at 25°C, 150 rpm, pH of 8.5 and solid:liquid ratio extraction conditions described above, Di Luccio et al.
of 1:20. On the other hand, it is also observed from this obtained maximum values of lipase activity of 40 U/g of
table that the extracts obtained at 37°C and 49°C dry meal using Penicillium simplicissimum as
presented lower lipase activities. microorganism [15]. 

The results on Table 1 were statistically analyzed, It is worth mentioning that all works presented in the
yielding a coded empiric model (Equation 1) for lipase literature refer to the extraction conditions obtained in
activity as a function of studied factors. The model was non-systematic studies, making relevant the methodology
validated by analysis of variance (ANOVA, p<0.05, and the results  presented  here.  Usually  the  method for

in the whole range investigated (4.9 to 8.5). The effect of

adding 50 mM phosphate buffer (pH 7.0) for 30 min at

Cavalcanti  et  al.,  adding  100  mM  phosphate  buffer
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Fig. 1: Response surface for hydrolytic activity as a function of temperature and pH

Fig. 2: Response surface for hydrolytic activity as a function of pH and solid:liquid ratio
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Fig. 3: Kinetics of extraction of lipases from the fermented soybean meal using sodium phosphate buffer 100mM, 
pH 7.0, at 25oC, 150 rpm in a solid:liquid ratio of 5:20
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determining optimal conditions in bioprocesses is varying CONCLUSION
one parameter while keeping others at a constant level.
This is a time and cost ineffective method that presents This work evaluated the effect of temperature, stirring
also the disadvantage of not including the interaction rate, pH and solid:liquid ratio on lipase extraction from
effects among variables. Optimization using factorial fermented soybean meal. After studying the effect of
design and response surface methodology can overcome these variables, the extraction procedure was optimized,
such drawbacks. Factorial design technique has been resulting in activity values of 175 U/g dry soybean meal,
successfully used to optimize and evaluate effect of when using sodium phosphate buffer 100mM pH 7.0, at
process parameters in the production of enzymes and 25°C and 150 rpm in a solid:liquid ratio of 5:20 in 15
other metabolites [21]. minutes.

From the results obtained in this work, one can
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