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same catalytic efficiency (Km/kcat = 32.12 mg mL min−1) 
in relation to CCSL crude lipase. The lipases differ in bio-
catalytic properties between substrates, suggesting that the 
two lipases can be employed for different applications.
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Introduction

Lipases (E.C.3.1.1.3), commonly encountered in many ani-
mals, plants and microorganisms, are responsible for cata-
lyzing the hydrolysis of ester bonds at the lipid/water inter-
face and they can be used in the several applications in the 
food, beverage, chemical, leather, medical, waste-water-
treatment and detergent industries [1, 2]. Therefore, studies 
focusing upon production, purification and characterization 
of lipases are relevant to demonstrate their potential utility.

Among other downstream purification methods, hydro-
phobic interaction chromatography (HIC) is a suitable 
technique for lipase purification due to the high degree 
of hydrophobicity that occurs on the surface of these 
enzymes. Mendieta-Taboata et al. applied this technique as 
a single step for the purification of lipase from Geotrichum 
sp. with a butyl Sepharose column and it was observed that 
the kinetics parameters of the adsorption isotherms were 
very dependent of NaCl concentration [3]. The maximum 
column efficiency of 71 % was obtained in the cited study 
using 2.0 mol L−1 of NaCl and 0.76 cm min−1 of superfi-
cial velocity [3].

Another important aspect that controls the purification 
of lipases and their resultant biocatalytic properties is the 

Abstract  Lipases from Geotrichum candidum were pro-
duced in two different medium: A = 12 % (w/v) clarified 
corn steep liquor (CCSL) + 0.6 % (w/v) soybean oil (SO) 
and B  =  3.5  % (w/v) yeast hydrolysate (YH)  +  0.7  % 
(w/v) SO. Lipases were partially purified from both 
media by hydrophobic interaction chromatography using 
3.0 mol L−1 of NaCl as mobile phase, and they were char-
acterized in the crude and partially purified forms. The 
recovery of lipase activity from CCSL and YH via HIC 
were 96 and 94.3 %, and the purification factors were 44.3 
and 86.7-fold, respectively. All evaluated lipases had simi-
lar optimum pH (7.0–7.7), but, for the CCSL crude lipase, 
optimum temperature (47 °C) was 10 °C higher than others 
lipases evaluated. CCSL crude lipase possessed a higher 
thermo stability than YH crude lipase, e.g., at 37  °C (pH 
7.0) the half-life of CCSL crude lipase was 19.25 h and at 
pH 8.0 (30 °C) the half-life was 48 h, which are five and 
ten times higher than with YH crude lipase, respectively. 
On the other hand, the YH crude lipase possessed a higher 
catalytic constant (kcat =  2.3  min−1) but with almost the 
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medium composition for their production via fermentation. 
Use of alternative nitrogen sources (such as agro-industrial 
residues) is an important consideration for the fermentation 
process since it is possible to reduce costs. Due to the com-
plex composition of these sources, upstream purification 
steps (such as clarification) may be necessary to facilitate 
the downstream steps, for example, to remove contami-
nants that can inactivate chromatographic columns [1, 4–6].

Therefore, to complement published studies on lipases 
from G. candidum and Geotrichum sp. [7–18], the goal 
of this study is to investigate the effect of alternative sub-
strates clarified corn steep liquor (CCSL) [11] and yeast 
hydrolysate (YH) [8], for G. candidum cultivation on the 
biocatalytic properties of the lipases produced. Lipases 
were partially purified from the fermentation broths in one 
step by hydrophobic interaction chromatography and then, 
crude and partial purified lipases from the two substrates 
were evaluated for optimal pH and temperature. Thermal 
and freezing stability; activation and denaturation energies 
and kinetic constants were also evaluated only for crude 
lipases.

Materials and Methods

Microorganism and Inoculum

Geotrichum candidum NRRLY-552, kindly provided by 
USDA Agricultural Research Service Collection (Wash-
ington DC, USA), was maintained in yeast malt agar (% 
w/v: 0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 
1.0 % glucose and 3.0 % agar) at 4 °C. The inoculum was 
prepared from spores obtained from yeast malt agar using 
1.0 mL of distilled water. These spores were incubated on 
yeast malt agar in petri dish for 48 h at 30 °C. A circular 
disk was then cut out and added to a 500 mL Erlenmeyer 
flask containing 100 mL of the inoculum medium (% w/v: 
5.0  % peptone, 0.1  % NaNO3, 0.1  % MgSO4 and 1.0  % 
soybean oil). This medium was incubated for 15 h at 30 °C 
and 250 rpm. Subsequently, 10 % (v/v) of inoculum medi-
umwas transferred to the fermentation medium [7–12, 15].

Medium Composition and Growth Conditions

Geotrichum. candidum cultivation was conducted in 
500 mL conical shake flasks containing 100 mL of medium 
with an initial pH of 7.0 at 30 °C and 250 rpm for 48 h. Two 
different nitrogen sources were employed in this study:

•	 medium A: 12.0  % (w/v) clarified corn steep liquor 
(CCSL) and 0.6  % (w/v) soybean oil [11], which was 
clarified via activated carbon per the method of Treichel 
et al. [5].

•	 medium B: 3.5  % (w/v) yeast hydrolysate and 0.7  % 
(w/v) soybean oil [8]. No clarification method was 
applied.

Clarified corn steep liquor (CCSL) and YH (Prodex 
Lac®) were donated by Ingredion™ (São Paulo, Brazil) and 
Prodesa (São Paulo, Brazil), respectively.

Partial Purification of Lipase

Partial purification of lipases obtained from media A and 
B was carried out through a single hydrophobic interaction 
chromatographic (HIC) step [3]. Fermentation broth con-
taining crude lipases was treated with vacuum filtration to 
remove cellular debris and major impurities prior to HIC. 
The separation was performed using a GE Amersham Bio-
science AKTA fast protein liquid chromatography M-925 
INV-907 FPLC system (Anaheim, USA) with a column 
loaded with butyl sepharose stationary phase. Phosphate 
buffer (0.01 mol  L−1, pH 7.0) with different NaCl con-
centrations (2, 3 and 4  mol  L−1), served as mobile phase 
in the adsorption, delivered at 0.5  mL  min−1 and filtered 
prior to use. In the elution, the same buffer without NaCl 
was used. In preliminary tests, an analytical-scale column 
(1 cm × 1 cm ID) was used with buffer at three different 
NaCl concentrations (2, 3 and 4  mol  L−1) and fractions 
(8.0  mL) were collected. The percentage of recovery (R) 
was calculated by the relationship:

where Upurified and Ucrude refer to the total lipase activ-
ity (U) for the purified and crude lipase, respectively. The 
concentration of 3.0 mol L−1 of NaCl was then selected as 
the mobile phase for preparative-scale separations, which 
employed a 10  cm  ×  1  cm ID column and fractions of 
20  mL. The purification factor (P) was calculated at the 
ratio of the specific activity (U mg−1) for purified lipase to 
that of crude lipase. Protein content, determined by Low-
ry’s method, may reflect the concentration of both lipases 
and impurities not removed by HIC. The samples with the 
highest lipase activity were selected for analysis of optimal 
pH and temperature. For sample identification, crude and 
(partially) purified lipases are identified by C and P; respec-
tively, while the medium used to produce each lipase are 
identified by A and B for CCSL and YH, respectively.

Characterization of the Biocatalytic Activity of Lipases

The hydrolytic activity of lipases was measured in triplicate 
for each condition using a tritimetric assay. The reaction mix-
ture consisted of 19 mL of an oil-in-water emulsion containing 
olive oil (5 % w/v) and gum Arabic (5 % w/v) emulsified in 

(1)R =

Upurified

Ucrude

× 100%
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100 mmol L−1 potassium phosphate buffer, pH 7.0. This mix-
ture was homogenized in a blender for 3 min and the lipolytic 
reaction started by adding 1 mL of lipase solution. The assay 
was carried out at 37 °C and 200 rpm (r = 2.5 cm) for 30 min. 
The reaction was then stopped by adding 20 mL of acetone–
ethanol 1:1 (v/v). The amount of free fatty acid produced 
was determined via titration with 0.05 mol L−1 NaOH until 
reaching an endpoint of pH 11.0, via an automatic titration 
apparatus (DL21 Mettler Toledo, Barueri, Brazil). However 
to determine optimum pH and temperature, the conditions 
of temperature and pH used in the analysis of lipase activity 
were adjusted accordingly. One unit of lipase activity (U) was 
defined as the amount of enzyme that liberated 1 μmol of fatty 
acid per minute under the assay conditions [7–13, 20, 21].

The optimum pH and temperature conditions were 
determined for crude and partially purified lipases from 
media A and B, while crude lipases from A and B were also 
characterized for stability in relation to pH (6–8), tempera-
ture (25–60 °C), and freezer storage (−18 °C), and kinetic 
parameters. The enzymatic solutions used for characteri-
zation contained 13.00 and 9.90 U mL−1 (medium A) and 
28.16 and 9.43 U mL−1 (medium B) for the crude and par-
tially purified lipases, respectively.

Optimum Temperature and pH

Central composite rotatable designs (four factorial trials, 
four axial points and three central points) [19] were applied 
to evaluate the effect of the independent variables: temper-
ature (27–47  °C) and pH (6.0–8.0), in the activity of the 
crude and partial purified lipases obtained from media A 
and B. The evaluated ranges of temperature and pH were 
defined based in previous studies [7–15]. The design matrix 
and the results obtained are presented in Table 2. For vali-
dation of optimum pH and temperature, the activity of C–A 
lipase was investigated at pH 7.0 vs. temperature, from 27 
to 55 °C.

Thermal Stability

Thermal stability of crude lipases from media A and B 
were determined through incubation of the enzyme in 
phosphate buffer (100  mmol  L−1/pH  =  7.0) in different 
temperatures (25–60 °C). Samples of each condition were 
collected in different times and lipase activity was meas-
ured. The results obtained were used to calculate the deac-
tivation constant (kd; min−1) and the half-life (t1/2; min) 
for each temperature evaluated according to Eqs. 2 and 3, 
where v is lipase activity at incubation time t (μmol min−1) 
and v0 is the lipase activity at time zero.

(2)−ln

(

v

v0

)

= kd × t

In order to evaluate the crude lipase stability regarding a 
freezing storage (−18 °C and pH 7.0 during 45 days), the 
samples were defrosted and their activities measured as 
described above. The stability of crude lipases at several 
different pH values (6–8) was determined as described 
above, with incubation occurring at 30 °C [20].

Activation (Ea) and Denaturation (Ed) Energies

The activation energy (Ea) was calculated for the crude 
lipases using the data obtained at 27–55 °C, pH 7.0 accord-
ing to Arrhenius equation (Eq. 4)

where R is the ideal gas law constant and T is the absolute 
temperature (K). The denaturation energy (Ed) was calcu-
lated from kd constants through an Arrhenius relationship 
(Eq. 5):

where k is the denaturation constant of the enzymatic reac-
tion at the temperature of reference.

Determination of Kinetic Parameters kcat and Km/kcat

The Michaelis–Menten constants Km (mg  mL−1) and 
Vmax(U  mL−1) were estimated via a Lineweaver–Burke 
plot: (1/v) versus (1/S), where S refers to the concentration 
of substrate (olive oil), ranging from 8.0 to 100 mg mL−1. 
The catalytic constant kcat (min−1) was obtained by the 
expression (Vmax/[E]), where [E] is the enzyme concentra-
tion (U mL−1). The catalytic efficiency, represented by the 
ratio Km/kcat (mg  min  mL−1), was also obtained for each 
crude enzyme. Each data point of the Lineweaver–Burk 
plot represents a separate experiment.

Results and Discussion

Partial Purification of Lipase

Preliminary assays were carried out to select the best NaCl 
concentration for the HIC mobile phase. The recovery val-
ues (%R) obtained for the lipases produced with CCSL and 
YH are presented in Table  1. According to these results, 
%R values for CCSL lipase were not affected by NaCl 
concentration, and for YH lipase, the 4.0  mol  L−1 NaCl 
maximized %R. However, the condition with the lowest 

(3)t1/2 = −

ln(0.5)

kd

(4)−ln

(

v

v0

)

=

Ea

R× T

(5)ln (kd) = ln (k)−
Ed

R× T
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recovery factors (3.0  mol  L−1 of NaCl) was selected, for 
both media, because it allowed the recovery of lipase in 
just one fraction, which facilitates the subsequent steps 
of purification and also the characterization study of the 
enzyme. In subsequent experiments, the height of resin in 
the column was increased to 10 cm, the quantity of crude 
lipase injected was also increased to 20  mL and samples 
of 10 mL were collected. Under these conditions, partially 
purified CCSL- and YH-lipases were obtained with activi-
ties of 9.90 and 9.43 U  mL−1, respectively. The pooled 
fractions were the second and the third fraction for CCSL- 
and YH-lipase, respectively. Desorption occurred within a 
short time after the removal of salt from the buffer solu-
tion (Fig. 1). The recovery factor (R) were 96.0 and 94.3 % 
for CCSL- and YH-lipases, respectively, when employing 
HIC using the 10 cm column, representing a 2.1- and 2.4-
fold higher value than obtained using a column with 1 cm 
of height.

The purification factors (P) obtained were 44.3 and 
86.7 for the CCSL- and the YH-lipases, respectively, using 
a column with 10  cm of height. HIC performed well for 
recovery of lipases from both media. Perhaps P was lower 
for CCSL-lipase because of the clarification step employed, 
which facilitates the downstream HIC step.

The partial purification of lipase from Geotrichum 
sp. cultivated in corn steep liquor (CSL) (not clarified) 
using the same technique presented lower recoveries (R) 
values from 60 to 68 % [3, 17, 18], which show that the 
clarification improved purification via HIC, similar to 
that described above for CCSL. Only a partial HIC-based 
purification was performed in the present study because 
a good lipase activity was achieved in a single HIC step, 
leading to lower purification cost. Purification of lipases 

has been achieved by several different bioseparations tech-
niques, generally with more than one step, and a few of 
them are discussed here for comparison. Brabcová et al. 
obtained purification factors of 1.2–24.2, for three differ-
ent extracellular lipases from G. candidum 4013 by cas-
cade adsorption and desorption with Triton X-100 [22]. 
Cai et al., when working with lipases from Geotrichum sp. 
SYBC WU-3, were able to purify two different extracel-
lular lipases with recovery factors of 9.2 and 11.2 % with 
ammonium sulfate precipitation followed by ion exchange 
and gel filtration chromatographies [23]. Huang et al. puri-
fied lipases from G. marinum (ATCC 20614) using affin-
ity and gel-filtration chromatography and achieved a puri-
fication factor of 76 and a recovery factor of 46  % [24]. 
Even though in this present study the purification con-
sisted of just one chromatographic step, the R and P fac-
tors obtained by us were comparable to or higher than the 
studies cited.

Table 1   Initial lipase activity (crude lipase) and percentage of recov-
ery (R) in preliminary studies for the partial purification of lipases 
from G. candidum NRRLY-552 cultivated in clarified corn steep liq-
uor (A) and yeast hydrolysate (B), by hydrophobic interaction chro-
matography with different NaCl concentrations in the mobile phase 
(phosphate buffer 0.01 mol L−1, pH 7.0)

Medium compositions (%, w/w): (A) clarified corn steep liquor, 12.0, 
soybean oil, 0.6; (B) yeast hydrolysate, 3.5, soybean oil, 0.7. Cultiva-
tion conditions: 30 °C, 250 rpm, initial pH of 7.0; 03 replicates

Crude lipase (U mL−1) A B

11.06 11.97

NaCl (g L−1) R (%)

A B

2.0 48.6 42.7

3.0 45.0 39.2

4.0 49.7 58.6

Fig. 1   Hydrophobic interaction chromatography for lipases from 
G. candidum NRRLY-552 cultivated in: a clarified corn steep liquor 
and b yeast hydrolysate. Experiments were conducted with a 10 cm 
high butyl Sheparose® column and a mobile phase (phosphate buffer 
0.01 mol L−1, pH 7.0) with 3.0 mol L−1 of NaCl and a flow rate of 
0.5 mL min−1
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Characterization of Lipases

Optimum pH and Temperature

The effects of pH and temperature on the lipolytic activ-
ity of crude (C-A and C-B) and partially purified lipases 
(P-A and P-B) obtained using CCSL (medium A) and YH 
(medium B), were determined using central composite rota-
tional designs (CCRD) to each situation. The results are 
shown in Table 2. Considering only the statistically signifi-
cant coefficients (p < 0.10), models derived from the CCRD 
are depicted at Table 3. According to the analysis of vari-
ance (ANOVA), all four models were statistically significant 
at 90 % confidence (p < 0.10). However, by analyzing the 
coefficients of determination (R2) and adjusted determina-
tion (R2

adj), it is observable that the P-A model presented the 
lowest values and it is not reliable; but the other three mod-
els resulted in acceptable values (R2 ≥ 0.75; R2

adj ≥ 0.69). 
The surface responses and contour curves obtained can be 
seen in Figs. 2 and 3 and the discussion of each lipase (C-A, 
P-A, C-B and P-B) is described in the next paragraphs.

According to C-A model, the optimal conditions for 
lipase activity were 47 °C and pH 7.0, resulting in a pre-
dicted value of 15.88 ± 2.30 U mL−1 (90 % confidence), in 
agreement with the experimental value operated under the 
same conditions (17.52 ± 0.16 U mL−1; Table 2). The rela-
tive errors

where Exp and Pred refer to experimental and predict 
values, respectively, ranged, in general, from 1.0 to 10 % 
under all conditions evaluated, which reinforces the result 
that the C-A model is in agreement with the experimental 
values. According to Fig.  2, the optimum pH is near the 
central point condition (pH = 7.0) and the optimum tem-
perature within the parameter space investigated (47  °C) 
was the highest level evaluated. For that reason, comple-
mentary assays were carried out in triplicate at fixed pH 
value (7.0) in order to investigate higher temperatures. The 
results obtained (Fig.  4) indicates the highest values of 
activity are between 47 to 53 °C.

(6)E =

Exp− Pred

Exp
× 100%

Table 2   Central composite 
designs for the evaluation of 
the effects of the independent 
variables: temperature (°C) 
and pH, on the lipase activity 
(U mL−1) from crude (C) and 
partially purified (P) lipases 
from G. candidum NRRLY-
552 cultivated in two different 
medium compositions: 
(A)—12 % (w/v) of clarified 
corn steep liquor and 0.6 % 
(w/v) of soybean oil (B)—3.5 % 
of yeast hydrolysate and 0.7 % 
of soybean oil

The experiments were conducted at 30 °C, 250 rpm, with initial pH of 7.0 for 48 h; 03 replicates

Trial Temperature (°C) pH Lipase activity (U mL−1)

C-A P-A C-B P-B

1 30 (–1) 6.3 (−1) 8.70 ± 0.11 5.05 ± 0.07 12.82 ± 1.38 7.16 ± 0.72

2 44 (+1) 6.3 (−1) 11.17 ± 0.28 5.10 ± 0.13 15.61 ± 0.99 6.00 ± 0.38

3 30 (−1) 7.7 (+1) 10.63 ± 0.23 6.82 ± 0.15 19.74 ± 0.21 8.53 ± 0.09

4 44 (+1) 7.7 (+1) 13.72 ± 0.99 7.88 ± 0.57 13.47 ± 0.35 6.98 ± 0.18

5 27 (−1.41) 7.0 (0) 9.15 ± 0.42 5.32 ± 0.24 10.44 ± 0.27 7.34 ± 0.20

6 47 (+1.41) 7.0 (0) 17.52 ± 0.16 4.66 ± 0.05 18.76 ± 1.82 8.68 ± 0.87

7 37 (0) 6.0 (−1.41) 11.02 ± 0.84 3.27 ± 0.35 11.84 ± 1.59 5.93 ± 0.79

8 37 (0) 8.0 (+1.41) 11.60 ± 0.74 5.11 ± 0.21 21.38 ± 2.72 9.42 ± 1.09

9 37 (0) 7.0 (0) 12.52 ± 0.05 7.03 ± 0.03 29.96 ± 0.06 8.92 ± 0.10

10 37 (0) 7.0 (0) 13.55 ± 0.24 6.73 ± 0.12 27.68 ± 1.89 9.49 ± 0.64

11 37 (0) 7.0 (0) 12.65 ± 0.18 7.53 ± 0.11 26.86 ± 0.91 9.89 ± 0.90

Table 3   Second order simplified models for the lipase activity (L) as 
function of the variables: temperature (T) and pH (H) for the crude 
(C) and partially purified (P) lipases from Geotrichum candidum cul-

tivated in two different mediums composed by clarified corn step liq-
uor (A) and yeast hydrolysate (B)

Each term of the equations is statistically significant at 90 % of confidence (p < 0.10)

R2 determination coefficient, R2
adj adjusted determination coefficient

Lipase Codified simplified model R2
R2
adj

F test P value

C-A (L) = 12.81 + 2.18 × (T) − 1.09 × (H2) 0.76 0.70 12.81 <0.01

P-A (L) = 6.48 + 0.90 × (H) − 0.86 × (H2) 0.54 0.43 4.74 0.04

C-B (L) = 28.16 − 6.85 × (T2) + 2.29 × (H) − 5.84 × (H2) 0.84 0.80 12.66 <0.01

P-B (L) = 9.43 − 0.88 × (T2) + 0.91 × (H) − 1.05 × (H2) 0.75 0.69 3.09 0.02



1360	 J Am Oil Chem Soc (2016) 93:1355–1364

1 3

The model for P-A showed the lowest values of R2 and 
R
2
adj; however the best conditions predicted by the P-A model 

are also in agreement with the experimental values (Table 2). 
In addition, the highest relative errors were obtained with 
the axial points (i.e., the highest temperature and the low-
est pH). According to Table 2, the central points and the trial 
four resulted in the highest values of activity for P-A lipase, 
which corresponds to optimum conditions of pH (7.0–7.7) 
and temperature (37–44 °C). Comparatively, the C-A lipase 
showed optimum temperature 10 °C above (Fig. 4) than P-A 
lipase, but P-A lipase had more efficient in higher values of 
pH (7.0–7.7; Table  2) than C-A lipase. These differences 
can permit different applications for the two partial purified 
lipases according to the medium of production.

For the lipases produced in the YH medium, C-B and 
P-B, the best conditions were in the central points (37 °C 
and pH 7.0), which resulted in lipase activities of 27.0 and 
9.0 U  mL−1, respectively. The C-B and P-B models pre-
sented were able to predict values in the optimal region 
with low relative errors in relation to experimental values 
(4.2 and 3.6  %, respectively). It was possible to observe 
that the substrate used in medium B did not modify the 
optimal pH significantly in comparison to the use of CCSL, 
although, the activities for both lipases (C-B and P-B) were 
higher when compared to CCSL-lipase (C-A and P-A). 
Since the substrates, CCSL and YH, have almost the same 
amount of total protein in its composition (43 and 44  %, 
respectively), it is possible to evaluate the specific protein 
composition that may have a direct impact in lipase pro-
duction by G. candidum.

The most significant difference was that the optimum 
temperature for C-A lipase which was 10  °C higher than 
the other lipases (P-A, C-B and P-B). The clarification 
step applied in medium A may protect the crude lipase at 
higher temperature which did not occur for medium B (not 
clarified). The purification step may remove this protection, 
which can explain the same optimum temperature for P-A 
and P-B lipase. The clarification step resulted in a lipase 
(C-A) with highest optimal temperature in this study, which 
is a great advantage for several industrial applications. This 
procedure could be applied in other further studies using 
alternative substrates in order to obtain other lipases with 
highest optimal temperature as C-A lipase.

From the literature, it is possible to cite some optimum 
points observed with different lipases, such as: pH 7.0/37 
and 50 °C for the partially purified lipase from Geotrichum-
like strain R59 [25]; pH 7.0/40  °C for the purified lipase 
from G. candidum [26]; and pH 9.0/35 and pH 8.0/35 °C 
for the cell-bond and the extracellular purified lipases 
from G. candidum 4013, respectively [27]. The optimal 
pH and temperature results observed here in agree with the 
literature.

Thermal Stability

Crude lipases produced with two nitrogen sources (CCSL 
and YH) were incubated at different temperatures to deter-
mine their thermal stabilities. The results obtained for the 
denaturation constant (kd) and half-life (t1/2) at several 
different temperatures are presented in Table 4. At 37 °C, 

Fig. 2   Lipase activity (U mL−1) as function of temperature and pH 
for the crude lipase (C-A) from G. candidum NRRLY-552 cultivated 
in medium A [12 % (w/w) of clarified corn steep liquor and 0.6 % 

(w/w) of soybean oil] at 30 °C, 250 rpm, 48 h and initial pH of 7.0: a 
response surface and b contour curve
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C-A possessed a t1/2 of 19.25  h, which is 5.0-fold higher 
than C-B. At 50 °C the estimated t1/2 for lipases obtained 
from both media were very low, with C-A having a slightly 
higher stability. Goldbeck and Maugeri Filho obtained 
three lipases from yeast strains with similar t1/2 values: at 
30 °C, 16–20 h and at 37 °C, 2–3 h [28].

To determine the thermal stability under freezer con-
ditions, both crude lipases were frozen and maintained 
at −18 °C and evaluated from 0 to 45 days. At the end of 

this period, 98 % of the lipase activity was retained for 
C-A and 63 % for C-B (data not presented), demonstrat-
ing that CCSL exhibited superior stability as occurred 
for other temperatures, perhaps due to the removal 
of certain impurities or ions that are inactivate via the 
clarification step. Loo et al. obtained a similar result but 
with a mycelium-bound lipase from G. candidum IMI 
387428, stored at 4 °C for 1 month, with a 4.3 % reduc-
tion on its activity [29].

Fig. 3   Lipase activity (U mL−1) as function of temperature and pH 
for the lipase from G. candidum NRRLY-552 cultivated in medium B 
[3.5 % of yeast hydrolysate and 0.7 % (v/v) of soybean oil] at 30 °C, 

250 rpm, 48 h and initial pH of 7.0: a and c response surfaces for the 
crude (C-B) and partially purified (P-B) lipases, respectively; b and d 
contour curves for C-B and P-B, respectively
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Determination of the Activation (Ea) and the Denaturation 
(Ed) Energies

The kd values were used for the determination of Ea and Ed 
for lipases recovered from both media and the results are 
presented in Table  4. Lower values of Ea and Ed indicate 
that the reaction will more readily occur. Based on the esti-
mated energy values for C-A, the energy required to initiate 

denaturation is 16-fold higher than for activation; for C-B, 
denaturation is only twofold higher. This suggests that C-A 
is more stable.

The energies determined in this study are similar to 
values reported in the literature; for example, lipases 
from different yeast strains presented Ed values between 
45–50 kcal mol−1 [28]. A lipase from Staphylococcus epi-
dermidis has an Ea value estimated to be 6.25 kcal mol−1 
[30]. Ea and Ed for Candida antartica lipase are 4.13 
and11.94 kJ mol−1, respectively [31]. Lipase from Bacillus 
subtilis NS 8 had an Ea value of 17.43 kJ mol−1 [32].

pH Stability

Three important pH values were selected to evaluate the sta-
bility of the lipases produced using alternative nitrogen sub-
strates (CCSL and YH) and the kd and t1/2 values obtained 
are presented in Table 4. The literature demonstrates that pH 
8.0 is harmful for the lipase activity, indicating the end of 
fermentation; pH 7.0 is usually determined as an optimum 
condition and pH 6.0 is a favorable condition for reactions 
such as the activity determination [7–12, 15].

As the results show for C-B, the estimated t1/2 at pH 8.0 
is 11-fold lower than at pH 7.0. The same was not observed 
for C-A; moreover, t1/2 did not differ significantly between 
pH 8.0 and 7.0. The ability to work in alkaline pHs is a 
great advantage for lipase to allow its use in detergent 
products. Perhaps the clarification step for C-A prevented 
its denaturation at pH 8. In addition, C-B possessed a very 

Fig. 4   Lipase activity of the crude lipase (C-A) obtained from G. 
candidum (cultivated in clarified corn step liquor). Reactions were 
conducted in triplicate at pH 7.0

Table 4   Estimated values 
for the deactivation constant 
(kd), the half-life (t1/2) and 
the activation (Ea) and the 
deactivation (Ed) energies 
for the crude lipases from 
G. candidum NRRLY-552 
cultivated in clarified corn 
steep liquor (C-A) and yeast 
hydrolysate (C-B)

The experiments were conducted in different temperatures (at pH = 7.0) and different pHs (at 30 °C)
a  86.4 < R2 < 99.1
b  93.5 < R2 < 99.5
c  90.7 < R2 < 97.5
d  93.4 < R2 < 99.9

Temperature (°C) C-A C-B

Kd × 102 (h−1)a t1/2 (h) Kd × 102 (h−1)b t1/2 (h)

25 1.09 63.59 1.08 64.18

30 2.71 25.58 4.15 16.70

37 3.60 19.25 18.16 3.82

40 9.14 7.58 19.80 3.50

45 52.67 1.32 51.29 1.35

50 43.52 × 10 0.16 69.12 × 10 0.10

60 33.70 × 102 0.02 15.38 × 102 0.05

Activation energy (Ea) (kcal/mol) 2.93 (R2 = 98.14) 17.73 (R2 = 97.54)

Deactivation energy (Ed) (kcal/mol) 47.16 (R2 = 93.32) 39.51 (R2 = 98.97)

pH Kd × 102 (h−1)c t1/2 (h) Kd × 102 (h−1)d t1/2 (h)

6.0 1.83 37.88 1.30 53.32

7.0 1.36 50.97 1.25 55.45

8.0 1.45 47.80 14.43 4.80
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similar t1/2 value at pH 6.0 and 7.0, in contrast to C-A. 
Our results for C-B agree with those of Burkert et al., who 
observed that lipase from Geotrichum candidum cultivated 
with peptone had a t1/2 of 20  h at 30  °C and pH 7.0, but 
when the pH was increased to 8.0 at the end of the fermen-
tation, a rapid decrease in lipase activity was observed.

Determination of the Kinetic Parameters kcat and Km/kcat

From the kinetic data (using Lineweaver–Burke plot) the 
kinetic constants Vmax and Km were estimated (R2 ≈ 0.97—
Supplementary File 1) and from these parameters the turn-
over number (kcat) and the catalytic efficiency (Km/kcat), 
were calculated. kcat represents the time required by one 
enzymatic unit to “turn over” one milligram of substrate 
and the Km/kcat serves as a measure of the “preference” of 
substrates. According to the results (Fig.  5), lipolysis by 
C-B lipase was almost 74 % faster than C-A lipase, and the 
former presented a preference for the substrate almost 14 % 
higher than the latter. By applying the same approach, 
Brabcová et al. obtained a kcat equivalent to 1.5 min−1 and 
a Km/kcat of almost 0.27 mM−1 min−1 with p-nitrophenyl-
palmitate as the substrate for an extracellular lipase from 
G. candidum 4013 [33]; and Huang et al. determined, for a 
purified extracellular lipase from G. marinum, a kcat value 
of 0.13  min−1 and a Km/kcat of 88.5  mM−1  min−1 using 
olive oil emulsified with taurocholic acid as the substrate 
[24]. As it can be seen, although values can vary depending 
on lipase and substrate types, values are generally similar.

Conclusions

It is known that the medium composition can directly affect 
(in different aspects) the morphology of microbial cells 
and therefore the performance of their enzymes. From 
this study, differences between the lipases from G. can-
didum cultivated in different medium compositions were 
observed. When comparing CCSL and YH as substrates, 
the CCSL lipase is more stable in different temperatures 
(half-life of 1.5-, 5.0- and 2.2-fold at 30, 37 and 40  °C, 
respectively), under freezer conditions (residual rela-
tive activity 56 % higher) and in higher pH (half-life ten-
fold higher at pH  =  8.0); has reduced activation energy 
(2.93  kcal  mol−1, 83.5  % lower) and increased deactiva-
tion energy (47.16  kcal  mol−1, 19.3  % higher); optimum 
temperature 10  °C higher (47–53  °C) in the crude form 
than the YH lipase. On the other hand, the YH resulted in 
a faster lipase (higher kcat, 2.30 min−1); presented a higher 
substrate affinity (higher Km/kcat, 32.12  mg  min  mL−1) 
and higher lipase activities (27.0 and 9.0 U mL−1, for C-B 
and P-B, respectively) than the CCSL lipase. In general, 
the CCSL lipase was more stable in relation to tempera-
ture and pH and the YH lipase showed more affinity for its 
substrate. For the purification using the hydrophobic inter-
action chromatography (HIC) the recovery factors were 
very high (above 90  %) for both lipases. In addition, the 
HIC was very efficient to purify both enzymes presenting 
high purification factors (44.3- and 86.7-fold for CCSL- 
and YH-lipase, respectively). It is important to emphasize 
that each enzyme has different characteristics which can 
be utilized in different situations. The greatest value of 
this study is shown that different substrates can produce 
lipases with several different characteristic using the same 
microorganism.
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