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Abstract
Olive mill wastewaters (OMW) are effluents originated from olive oil extraction. As an oil-rich residue, OMW is a potential 
source of lipase-producing microorganisms and a complex medium potentially suitable for lipase production. The aim of 
the present study was to isolate yeasts with the ability to produce extracellular lipases from OMW. Thirty-two yeast isolates 
were obtained and screening for esterase/lipase activity using rapid plate detection methods allowed the selection of five 
isolates. Subsequently, extracellular lipolytic activity was determined in shake-flasks, and the best activity was found in the 
isolate JT5 (0.85 U/mL). This isolate was identified as Magnusiomyces capitatus by DNA sequencing. Growth and lypolytic 
activities by M. capitatus JT5 were assessed in undiluted OMW, and optimization of lipase production was achieved by a 
positive interaction of two factors (oxygen availability and nitrogen concentration). The highest lipase activity (1.4 U/mL) 
was obtained at  NH4Cl concentration of 2.8 g/L and  kLa of 0.65 min−1. The growth of M. capitatus JT5 in a stirred tank 
bioreactor, using undiluted OMW, allowed the improvement of lipase production (up to 3.96 U/mL) by increasing olive oil 
concentration in the medium, under the selected conditions of nitrogen concentration and oxygen availability. This study 
highlighted the isolate M. capitatus JT5 as a lipase-producing microorganism that is able to grow in undiluted OMW under 
controlled conditions. Results obtained in shake-flasks have been reproduced satisfactorily in the stirred tank bioreactor.
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Statement of Novelty

A new lipase-producing yeast was isolated from olive mill 
wastewater. The use of undiluted waste can further contrib-
ute for water savings and to a more economical bioprocess 
for lipases production.

Introduction

Lipases (triacylglycerol acylhydrolases; EC 3.1.1.3) are an 
important group of enzymes with a variety of applications 
in food, dairy, detergent, pharmaceutical industries, and in 
the field of bioenergy [1–4]. In the last decade, particular 
attention has been given to the use of lipases as hydrolytic 
enzymes that catalyse the hydrolysis of triacylglycerols 
(TAGs) and the esterification of vegetable oil wastes, being 
an environmentally friendly process to produce FAME (fatty 
acid methyl ester), i.e. biodiesel [5–7].

Lipases have been found in many species of animals, 
plants, and microorganisms [4]. However, microbial lipases 
have gained special industrial attention due to their broad 
substrate specificity, selectivity and stability [8] and now 
constitute the most important group of biocatalysts for bio-
technological applications [9, 10]. Fungi are the preferred 
microorganisms as industrial lipases producers, because they 
usually produce extracellular enzymes, which facilitate the 
extraction of the fermentation medium. Fungal lipase pro-
duction has been widely studied, mainly by genus Geotri-
chum [11–14], Penicillium [15–17], and Fusarium [18, 19]. 
Amongst the most used commercial lipase-producing yeasts 
are Yarrowia lipolytica [20–24] and species belonging to 
the genus Candida, mainly C. rugosa, C. cylindracea and 
C. antarctica [4, 23, 25]. This popularity in industry has 
caused a demand for new sources of lipases with alternative 
catalytic characteristics, which stimulates the isolation and 
selection of new strains. Lipase-producing microorganisms 
have been found in different habitats such as vegetable oil 
processing factories, dairy plants, and soil contaminated 
with oil and industrial wastes, among others [26]. All these 
habitats have in common a significant source of residual 
nutrients (lipids) that can serve as growth media for those 
particular microorganisms. Although considerable progress 
has been made over the recent years towards developing 
cost-effective systems for lipases, the high cost of produc-
tion of this enzyme remains the major challenge associated 
with large-scale industrial applications. In order to turn the 
lipase production as economically viable, solid residues 

from agro-industry have been used as low cost culture media 
and cheaper substrates alternatives. However, liquid effluents 
such as olive mill wastewater and palm oil mill effluents 
showed potential to be used for lipase production [4, 20, 
27, 28].

Olive mill wastewater (OMW), annually produced in 
large amounts in the Mediterranean basin, can be regarded 
as a resource containing simple and complex sugars, pro-
teins, and mineral elements, and could be utilized for fer-
mentative production processes [27, 29]. In addition, OMW 
contains lipids and residual oil, making this effluent either a 
suitable growth medium for lipase-producing microorgan-
isms [6, 13, 30–32]. There are several studies regarding the 
ability of yeast strains to grow in OMW and lipase produc-
tion. The main microorganisms referred in literature are Yar-
rowia lipolytica, Candida cylindracea, and Candida rugosa 
[22–24, 27, 29–31] as belonging to culture collections.

Besides its potential as a liquid growth medium, it is 
also highly expected that native microbiota with lipolytic 
properties could also be found and isolated from this efflu-
ent. Consequently, OMW can be used as a source of lipase-
producing yeasts. Therefore, the aim of this study was to 
isolate lipase-producing yeasts from OMW and the highest 
producing isolate was further selected for identification and 
to evaluate its ability to grow and to produce extracellular 
lipases in OMW.

Then, the optimization of lipase production by M. capi-
tatus JT5 using undiluted OMW as growth substrate was 
assessed. The effect of the nitrogen concentration and 
oxygen availability on lipase and biomass produced by M. 
capitatus JT5 grown in shake flasks was studied, using the 
Doehlert distribution experimental design. M. capitatus JT5 
cells stress physiological response was analysed under dif-
ferent growth conditions, using flow cytometry. Further, M. 
capitatus JT5 was grown on a medium culture containing 
OMW, in a stirred tank bioreactor, and the effect of olive 
oil (by addition to the OMW based medium) on the lipase 
production was assessed.

Materials and Methods

Microorganisms and Culture Conditions

Isolates of Magnusiomyces capitatus JT5 were kept at a Cul-
ture Collection of Microorganisms (CCM at LNEG, Lisbon, 
Portugal). The isolate was maintained at + 4 °C on Yeast 
Malt Agar (YMA, Difco) plates and sub-cultured every 
3 weeks. For inoculum preparation, one colony of the YMA 
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plate was suspended in 50 mL of YEP medium containing 
peptone (1%, w/v), yeast extract (1%, w/v) and glucose (2%, 
w/v). Incubations were carried out at 30 °C at 150 rpm for 
24 h.

Yarrowia lipolytica NRRL Y-323, used for comparison 
tests of lipolytic activity, was collected from CCM (LNEG, 
Lisbon, Portugal). All strains used and isolated in this study 
were maintained at + 4 °C on Potato Dextrose Agar (PDA, 
Difco) and sub-cultured monthly.

Sampling and Characterization of Olive Mill 
Wastewater

OMW used in this work was collected from a three-phase 
olive mill located in the south region of Portugal (Algarve, 
during the last month of olive oil production campaign). Due 
to the high concentration of suspended solids, a prelimi-
nary step of filtration with normal gauze and centrifugation 
(8600 g, 15 min) was performed prior to its use as culture 
medium.

OMW was characterized for Chemical Oxygen Demand 
(COD, g/L), total and volatile suspended solids (TSS 
and VSS, g/L), and nitrates (g/L), according to Standard 
Methods [33]. The total phenolic content (TPh) was deter-
mined using the Folin–Ciocalteau colorimetric method and 
expressed as caffeic acid equivalents [34]. The nitrates deter-
mination  (NO3) was performed by the method “Nitrate Cell 
Test 1.14542” (Spectroquant Merck) in a HACH DR/2010 
spectrophotometer (USA). The content of ammonium 
 (NH4

+) was measured using an ion selective electrode (Cri-
son, Spain). Total lipids (g/L) content was determined gravi-
metrically after petroleum ether extraction. Reducing sugars 
were measured using 3,5-dinitrosalicylic acid (DNS) method 
[35] and were expressed as glucose (g/L).

Isolation and Screening of Esterase/
Lipase‑Producing Yeasts

Serial dilutions  (10−1 up to  10−5) of the OMW sample were 
prepared, 0.1 mL of each was spread on Nutrient Agar (NA, 
Difco) plates in triplicate, and incubated at 30 °C during 
48 h. Yeast colonies were selected, isolated from the agar 
plates and subcultured in the selective media Yeast Malt 
Agar (YMA, Difco), Cook Rose Bengal Agar (CRBA, 
Difco) and Potato Dextrose Agar (PDA, Difco), all supple-
mented with a final concentration of 35 µg mL−1 of chlo-
rtetracycline to prevent bacterial growth. The plates were 
incubated at 30 °C during 48 h, and isolates were examined 
under phase contrast microscopy, 1000× (microscope Olym-
pus BX51) for morphological characterization according to 
Kurtzman et al. [36]. Thirty-two yeast colonies were mor-
phologically selected, picked from the plates and re-streaked 
on YMA as often as necessary to ensure purity. The yeast 

isolates were screened for esterase/lipase activity through 
rapid plate detection experiments. Three different media 
were used for that purpose: Tween 20 agar [37], Tributyrin 
agar [38], and Phenol-red (0.01%) supplemented with olive 
oil (1 g/L) in agar plates [39]. The esterase/lipase activity 
was registered after 48 h-72 h at 30 °C, as positive (++, +), 
weak (w) or negative (−) result.

Selection of Yeasts for Extracellular Lipase Activity

In order to determine extracellular lipase activity, selected 
yeast isolates were grown overnight in 50 mL of YEPD 
medium (1 g/L yeast extract, 2 g/L peptone and 2 g/L dex-
trose). Then they were inoculated (300 µL) in 100 mL of 
growth medium (1 g/L yeast extract, 1 g/L potassium chlo-
ride and 1 g/L magnesium sulphate) using 0.5 g/L olive oil 
as inducer. Cultures were performed in 500 mL-shake-flasks, 
for 72 h at 30 °C under continuous stirring at 180 rpm. 1 mL 
samples were collected every 24 h and biomass concentra-
tion was determined by filtration (0.45 μm), which were 
then dried to constant weight at 105 °C. The biomass was 
expressed as dry cell weight (DCW, g/L). The samples were 
then centrifuged (7500 g, 15 min) at 4 °C and the superna-
tant was used to determine extracellular lipase activity. All 
experiments were done in triplicate.

Yeast Identification

DNA from selected yeast isolate was extracted according 
to a standard phenol–chloroform-extraction protocol [40]. 
The purity and yield of the DNA was assessed spectropho-
tometrically (NanoDrop 2000 Spectrophotometer, Thermo 
Scientific, Wilmington, USA). The D1/D2 variable domains 
of the large-subunit rRNA gene was amplified by PCR using 
NL1 (5′-GCA TAT CAA TAA GCG GAG GAA AAG) and 
NL4 (5′-GGT CCG TGT TTC AAG ACG G) primers [41]. 
After initial denaturation of DNA at 94 °C for 3 min, 40 
cycles of amplification with the following thermocycling 
program: denaturation at 94 °C for 30 s, followed by 30 s at 
50 °C for primer annealing and 90 s at 72 °C for extension. 
Final extension at 72 °C for 4 min was used. The amplified 
fragment was submitted to DNA sequencing (STAB Vida, 
Almada, Portugal). The sequence was assembled, edited, 
aligned with the program MEGA5 [42] and was analysed 
using the BLAST tool of the Westerdijk Fungal Biodiversity 
Institute [http://www.weste rdijk insti tute.nl/colle ction s/Biolo 
MICSS equen ces.aspx?file=all].

This isolate JT5 has been maintained in the CCM (LNEG, 
Lisbon, Portugal) with the reference identification 555F. The 
GenBank/EMBL/DDBJ accession number for the sequence 
of D1/D2 domains of the large subunit of the rRNA gene of 
isolate JT5 is MK076454.

http://www.westerdijkinstitute.nl/collections/BioloMICSSequences.aspx?file=all
http://www.westerdijkinstitute.nl/collections/BioloMICSSequences.aspx?file=all
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Growth and Lipase Production by the Selected 
Lipolytic Isolate in OMW

Growth ability of the selected yeast isolate in OMW was evalu-
ated. A sample of centrifuged raw OMW was diluted at 10%, 
25%, 50% and 75% using YEP (yeast extract 2% and peptone 
2%), autoclaved (121 °C for 20 min), and tested as culture 
medium. A cells suspension (20 µL), previously grown over-
night in YEPD at 30 °C, was used to inoculate each assayed 
media (200 µL), in triplicate, in a 96-wells microplate, and 
then incubated in a microplate reader (Multiskan GO Micro-
plate Spectrophotometer, Thermo Fischer Scientific, Finland), 
at 30 °C with shaking. Yeast growth in each condition tested 
was followed spectrophotometrically at 640 nm for 48 h, with 
1-h interval readings, and specific growth rates were deter-
mined during the exponential growth phase.

The lipase production by the selected yeast isolate was 
measured during growth in undiluted OMW. Undiluted OMW 
was supplemented with [a] 2.0 g/L yeast extract or [b] 2.0 g/L 
yeast extract plus 1.0 g/L olive oil, and was adjusted for pH 
6.8 before sterilization (121 °C for 20 min). Cell suspension 
(300 µL), previously grown in YEPD overnight, was used as 
inoculum. The flasks were then incubated at 30 °C, under con-
tinuous stirring at 180 rpm, for 120 h. Biomass was daily mon-
itored. Crude cell-free extract was obtained by recovering the 
supernatant after spinning down cells and cell debris (7500 g, 
15 min). This preparation was used to measure lipase activity.

Experimental Design in Shake‑Flasks

Taking into account the results previously obtained for opti-
mization of microbial lipase production in OMW [2, 13, 27, 
29], an experimental distribution for two factors (oxygen 
availability and nitrogen concentration) was used to produce 
response surfaces according to the Doehlert uniform design 
[43], in undiluted OMW supplemented with yeast extract 
(2 g/L) and olive oil (1 g/L). Seven experiments were carried 
out in duplicate within an experimental domain with working 
volume  (X1) ranging between 100 and 400 mL and ammo-
nium chloride  (NH4Cl,  X2) varying between 0.2 and 2.8 g/L. 
Oxygen availability was tested using baffled shake flasks (1 L) 
containing working volume ranging between 100 and 400 mL, 
corresponding to a volumetric oxygen mass transfer coefficient 
(kLa) between 0.24 and 1.88 min−1. Cultures were incubated 
at 30 °C and 180 rpm for 48 h. Coded representation of fac-
tors was used for calculation purposes. The responses studied 
in this design were biomass concentration, lipase activity and 
cell integrity. The model used to express the responses was a 
second-order polynomial model provided by Doehlert uniform 
design (Eq. 1):
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where Y was the response from each experiment; β were the 
parameters of the polynomial model; and X was the experi-
mental factor level.

Experiments in Bench‑Top Stirred Tank Bioreactor

Lipase production by M. capitatus JT5 was assessed using a 
2-L bioreactor equipped with four-flat-blade impellers and 
two baffles. Fermentation parameters were controlled using 
a PT 100 temperature sensor, a double reference pH sen-
sor (Phoenix, USA), and a dissolved oxygen sensor (Met-
tler Toledo, USA). The bioreactor was inoculated with 0.5% 
(v/v) of exponential growing cells and fermentation experi-
ments were carried out at 30 °C, 100 rpm and 1 vvm aera-
tion (kLa 36 min−1). According to the previous experimen-
tal design in shake-flasks, the fermentation was conducted 
using 1-L undiluted OMW supplemented with yeast extract 
(2 g/L), olive oil (1 g/L) and 2.8 g/L  NH4Cl. The initial pH 
was adjusted to 6.1 with NaOH 0.1 M before sterilization 
(121 °C for 20 min). To assess the effect of oil addition a 
second fermentation was performed in the same conditions, 
with addition of 3 g/L olive oil. Biomass concentration was 
determined as described above. All samples were analysed 
in triplicate.

The volumetric oxygen mass transfer coefficient (KLa) 
was measured inside the reactor by using the gassing out 
method [44]. Nitrogen was injected in the medium until 
the oxygen concentration dropped near to zero. Then, 
the medium was stirred and aerated, and the increase 
in dissolved oxygen (DO) concentration with time (t) 
was monitored with a membrane dissolved oxygen elec-
trode. KLa was determined according to the equation 
ln[(100 − OD)/100) = KLa*t.

Determination of Lipase Activity

The measurement of lipase activity was adapted from Gomes 
et al. [45]. A reaction mixture composed by 195 μL of sub-
strate (2.63 mM p-nitrophenyl butyrate in sodium phosphate 
buffer, 0.05 M, pH 6.8, with 4% (v/v) Triton X-100) and 
5 μL of sample taken from culture, was incubated in a micro-
plate at 37 °C for 15 min. Fresh OMW medium was used as 
blank. The absorbance was measured at 405 nm in a micro-
plate reader (Multiskan GO Microplate Spectrophotometer, 
Thermo Fischer Scientific, Finland). One unit (U) of lipase 
activity was defined as the amount of enzyme that produces 
1 μmol of p-nitrophenol per minute under assay conditions.

Flow Cytometry

The flow cytometer  (FACScalibur© Becton–Dickinson, 
Franklin Lakes, NJ, USA) was used to assess M. capita-
tus JT5 cell membrane integrity, using the fluorochrome 
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propidium iodide (PI,  Invitrogen© USA). PI cannot cross 
an intact cytoplasmic membrane, but enters the cell if the 
membrane is injured, binding to the DNA chains. The sam-
ples were centrifuged (5000 g, 10 min), the pellet was re-
suspended in phosphate buffer solution (PBS, pH 7.0), and 
then diluted in PBS in order to obtain a cell concentration 
~ 1000 events per second. Five microlitre of PI stock solution 
(1 mg/mL in distilled water) were added to 995 μL-diluted 
sample so the final PI concentration in the cell suspension 
was 0.5 μg/mL and the mixture was analysed in the flow 
cytometer. PI was excited at 488 nm and was detected in 
channel FL3. All data were analysed using Windows Multi-
ple Document Interface flow cytometry (WinMDI 9.0).

Results and Discussion

Characterization of OMW

Physicochemical characteristics were determined on raw 
OMW: pH 4.99, chemical oxygen demand (COD) = 55.2 g/L, 
nitrates  (NO3

−) = 1.42 g/L, ammonium  (NH4) = 1.7 g/L, 
total suspended solids (TSS) = 21.9  g/L, total phenols 
(TPh) = 3.97 g caffeic acid/L, lipids = 3.20 g/L, and reduc-
ing sugars = 35 g/L.

The composition of the sample used in this work falls 
within the range of characteristic values reported by different 
authors for OMW [24, 32, 46].

Isolation and Screening of Esterase/
Lipase‑Producing Yeasts from OMW

According to several authors, OMW usually contain a 
diverse microbiota that is able to grow and colonize this 
effluent despite its high phenolic content. This microbiota 
consists of several species of yeasts, filamentous fungi and 
bacteria. Yeasts are especially well adapted to this particular 
environment, since they have a better tolerance to phenolic 
compounds when compared to bacteria [47–49]. Thirty-two 
yeasts were isolated from the OMW sample (Table 1) and 
divided into three major groups (A, B and C) based on their 
microscopic morphology. Colonies morphology was very 
similar in most isolates, forming circular white colonies. In 
group A, the cells were small sized and round, very similar 
to the genus Saccharomyces, sometimes forming aggregates. 
In group B, cells had a larger, more rectangular shape, with 
frequent formation of pseudo mycelia. Group C showed cells 
with an elliptical shape, without aggregates or filaments.

The 32 yeast isolates were examined for their ability to 
produce extracellular lipases. The lipolytic activity was 
tested using three different detection substrates in agar 
plates: Tween 20; Tributyrin and Phenol-Red supplemented 
with olive oil. The results on extracellular esterase/lipase 

activity of isolated yeasts are given in Table 1. The appear-
ance of a catalytic halo around discs is an indication of 
esterase/lipase activity and therefore a positive result. In the 
Phenol-Red test, the positive result was shown by a change 
of colour around the disc, while in the Tween 20 and in the 
Tributyrin tests, positive results were given by the forma-
tion of precipitates and the absence of turbidity, respectively. 
Extracellular esterase/lipase activity was detected by the 
hydrolysis of Tween-20 by only nine isolates (Table 1). From 
these isolates, only yeasts 1F, 6F, and PT3 exhibited a clear 
positive result in the Phenol-Red test, and yeasts PT6 and 
JT5 exhibited lipolytic activity in Tributyrin test. The posi-
tive results observed only on Tributyrin plates could be use-
ful to differentiate lipase from esterase activity [38, 50, 51]. 
Phenol-red supplemented with olive oil was described by 
Singh et al. [39] as a method that could differentiate between 
esterases and lipases. However, this medium had shown a 
poor performance for the evaluation of lipolytic activity of 
the isolates, overall showing inconclusive results. In addi-
tion, Singh et al. [39] reported difficulties to detect indi-
vidual bands on the gels due to spread of fatty acids. Since 
Tween 20 is generally known as a good lipase inducer, being 
used to increase its production in several optimization assays 
and also in plate detection methods for detection of esterase/
lipase activity [37, 52–54], five isolates (1F, 6F, PT3, PT6, 
and JT5) were selected for further shake-flasks experiments 
aiming to determine extracellular lipase activity.

Extracellular Production of Lipase in Shake‑Flask 
Experiments

The selected five yeast isolates (1F, 6F, PT3, PT6, and 
JT5) were then examined for their extracellular lipolytic 
ability in synthetic liquid medium (YEP) supplemented 
with 0.5 g/L olive oil, using Yarrowia lipolytica NRRL 
Y-323 as positive control. D’Annibale et al. [29] had pre-
viously demonstrated that olive oil was the most effective 
inducer in lipase production, with lipase activity measured 
after 96 h of incubation. As shown in Fig. 1a, the lipase 
activity determined in isolates 1F, PT3 and 6F was rela-
tively low and practically inexistent in the isolate PT6. 
JT5 showed a maximum of lipase activity 0.85 U/mL at 
96 h, which is the highest lipase activity determined and 
7-fold higher than that measured for the known lipolytic 
yeast Y. lipolytica NRRL Y-323 (0.12 U/mL). Figure 1b 
shows the growth of Y. lipolytica, and isolates 1F, 6F, PT3, 
PT6, and JT5 in YEP with 0.5 g/L olive oil. All strains 
have shown good growth in synthetic medium, without 
need of an adaptation period, and values of biomass rang-
ing between 4 (Y. lipolytica and JT5) and around 7 g/L 
(1F, 6F, PT3) were obtained. The growth of isolates PT6 
and JT5 was only determined during the first 72 h, due to 
the occurrence of flocculation. The flocculation presented 
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itself as small circular aggregates, floating in the medium. 
However, lipase production in all isolates was measured 
until 96 h of culture growth in order to obtain compara-
ble data. Flocculation can be triggered by environmental 
factors, such as nitrogen starvation, or pH changes, so it 
might protect the cells in the middle of the flocs from the 
environment, or by genetic factors. Some authors reported 
that the flocculation of microbial cultures may be related 
to low levels of oxygen or carbon sources during the cul-
ture growth [55, 56].

The best lipolytic yeast isolate (JT5) was selected for fur-
ther identification.

Isolate Identification

D1/D2 of the large subunit ribosomal DNA of yeast isolate 
JT5 was sequenced and compared against the Westerdijk 
Institute database. The partial D1/D2 sequence showed 
100% identity with the one from Magnusiomyces capitatus 
CBS 197.35, a strain recently subjected to whole-genome 

Table 1  Yeast isolates from 
OMW

The isolates were divided into three major groups (A, B and C) according to colony and cell morphology. 
Screening for lipolytic activity was performed in rapid detection plate assays
CRBA, Cooke-Rose Bengal Agar; PDA, potato dextrose agar; YMA, yeast malt agar; ++, positive result 
but halo is visibly larger than the positive control; +, positive result; w, weak result; −, negative result

Group Yeast strain code Isolation cul-
ture medium

Esterase/lipase activity

Tween 20 Tributyrin Phenol-Red 
with 1% olive 
oil

Control Yarrowia lipolytica Y-323 YMA + + +
A JE1 CRBA − − w

JE2 PDA − − w
PT1 YMA + − w
JT1 CRBA − − w
JT2 PDA − − w
JT3 YMA − − w

B JE3 CRBA − + w
JE4 YMA − − w
JE5 PDA − − w
JE6 CRBA − − w
PT2 YMA − + w
PT3 YMA + − ++
PT4 PDA − − w
PT5 PDA + − w
PT6 YMA + + w
JT4 YMA − − w
JT5 YMA ++ + −
JT6 PDA − − w
1F YMA + − ++
3F YMA − − w
5F YMA − − w
6F CRBA + − ++

C PT7 YMA − − w
PT8 CRBA − − w
PT9 CRBA − − w
PT10 YMA − + w
PT11 YMA − + w
PT12 YMA + − w
PT13 YMA + − w
JT7 CRBA − − w
4F YMA − − w
7F YMA − − w
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sequencing [57], and to other strains from the same species. 
It also shown 99% identity with the one from M. capitatus 
CBS 162.80 type strain (accession number NG_055400.1), 
confirming the identification at the species level.

Magnusiomyces capitatus is a yeast prevalent in geo-
graphic areas of high humidity and temperature. It can be 
found in diverse natural substrates including soil, fruits and 
dairy products. Yamada-Onodera et al. [58] had already 
reported this species, for biotechnological purposes, as a 
producer of N-benzyl-3-pyrrolidinol dehydrogenase. To 
current knowledge, the yeast M. capitatus has not yet been 
reported on the production of lipases.

Growth and Lipase Production by M. capitatus JT5 
in OMW

The recalcitrant properties of the OMW have been attrib-
uted to the high concentrations of polyphenols (tannins, 
catechins and anthocyanins). More specifically, monomeric 
phenols have been directly associated with the phytotoxic 
and antimicrobial characteristics of this effluent [59, 60]. 
The ability of M. capitatus JT5 to grow in OMW was tested 
by using different dilutions with YEP (10 up to 75%) and 

comparing with growth in synthetic medium YEP. Figure 2 
and Table 2 show the yeast growth and specific growth rates 
obtained for each tested condition. As shown in Fig. 2, final 
biomass concentration increased with the increase of OMW 
concentration in the culture medium (4.48 g/L in YEP up 
to 11.06 g/L in YEP + 75%-OMW) but an increase in the 
lag phase was also observed, varying from 7 h (YEP) to 
18–21 h (YEP + 75%-OMW and 100% OMW). Additionally, 
M. capitatus JT5 growth rates increased with the increase in 
OMW concentration up to 50% (Table 2) reaching 0.38 h−1. 
In fact, the yeast growth seems to be enhanced by the pres-
ence of sugars and residual lipids present in the OMW. 
However, since the phenolic content also increase in the 
growth medium with the increase of OMW concentration, 
the results have shown that M. capitatus JT5 is able to grow 
in undiluted OMW but the recalcitrance of OMW affected 
growth profiles, with growth rates decreasing to 0.31 h−1 and 
0.25 h−1 for YEP + 75%-OMW and 100% OMW, respec-
tively. The yeasts ability to tolerate phenolic compounds was 
demonstrated by other authors. Ben Sassi et al. [49] showed 

Fig. 1  a Extracellular lipase activity determined in YEP medium with 
0.5 g/L olive oil for 96 h. Values represent means of three independ-
ent replicates and error bars indicate standard deviations. b Yeast 
growth in YEP medium with 0.5  g/L olive oil. Values represent 
means of three independent replicates and error bars indicate standard 
deviations

Fig. 2  Growth of M. capitatus JT5 in different dilutions of OMW (10, 
25, 50 and 75%) and in YEP as growth medium. Legend indicates the 
amount of OMW used in each dilution. Values represent means of 
three independent replicates and error bars indicate standard devia-
tions

Table 2  Specific growth rates 
 (h−1) of M. capitatus JT5 
under different culture media 
conditions

Growth media Growth 
rates  (h−1)

YEP 0.143
YEP + OMW 10% 0.182
YEP + OMW 25% 0.344
YEP + OMW 50% 0.382
YEP + OMW 75% 0.309
OMW 100% 0.248
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that some strains of yeast isolates were well adapted and 
able to grow in undiluted OMW agar plates. Brozzoli et al. 
[27] found that phenolic concentration did not influence the 
biomass production by Candida cylindracea grown on dif-
ferent undiluted OMW-based media. Gonçalves et al. [61] 
studied the phenolic compounds toxicity to yeast strains. The 
results demonstrated Y. lipolytica W29 and Candida rugosa 
PYCC 3238 were able to grow in two different OMW-based 
media, without dilution, and that cell growth inhibition 
was not observed. These results allowed the valorization of 
OMW as culture based-medium with supplementation for 
producing extracellular lipases [23, 29, 62].

In this study, growth of M. capitatus JT5 was tested fur-
ther in 100% OMW supplemented with [a] 2.0 g/L yeast 
extract, or [b] 2.0 g/L yeast extract and 1.0 g/L olive oil 
(Fig. 3a). Growth rate of 0.09 h−1 obtained for condition [b] 
was half the growth rate in YEP + OMW 10% (0.18 h−1), but 
lag phase was not observed. In both OMW media, M. capi-
tatus JT5 reached the stationary phase after 48 h and, unlike 
previous growth in the YEP culture medium, it was observed 
that flocculation did not occurred in any of the OMW-based 

media. This could be attributed to additional supplementa-
tion of nitrogen source and the presence of residual nutrients 
in OMW that can be used during the yeast growth. Biomass 
concentration increased up to 12.34 g/L in the medium sup-
plemented with yeast extract and olive oil.

As it can be shown in Fig. 3b, the maximum lipase activ-
ity achieved by M. capitatus JT5 was 0.11 U/mL after 72 h 
growth in the undiluted OMW based-medium supplemented 
with yeast extract [a]. In case of olive oil addition to OMW 
based-medium [b], lipase was produced earlier, after 48 h, 
and the maximum lipase activity increased to 0.33 U/mL. 
This result confirm that M. capitatus JT5 is a lipase-pro-
ducing yeast and addition of olive oil as carbon source with 
high percentage of oleic acid, is an effective inducer to the 
production of lipase [29, 63].

The present study shows that OMW can be used as a 
good source for the isolation of lipase-producing yeasts. M. 
capitatus has not yet been studied and reported as a lipase 
producer. As far as we know, this is the first study describing 
M. capitatus isolation from OMW, its tolerance to this type 
of recalcitrant medium and ability to produce lipase in undi-
luted OMW with reduced nutrient supplementation. Reports 
in the literature [64, 65] show that lipolytic activity could 
be improved with additional supplementation of inorganic 
nitrogen sources during cell growth and the process can be 
optimized using a stirred tank bioreactor [27].

Optimisation of the Lipase Production in OMW 
in Shake‑Flasks

Despite nitrogen content and oxygen availability are widely 
reported in the literature as influencing lipase production, 
the combined effect of these two key factors has not been 
studied yet in M. capitatus JT5. The surface response meth-
odology according to the Doehlert distribution for those two 
factors was used to find the optimal conditions for lipase pro-
duction and to highlight possible interactions. In addition, 
flow cytometry was used to assess the cell membrane integ-
rity under all tested conditions. Table 3 shows the results 
obtained from the experimental design for biomass, lipase 
production, and the flow cytometry data, indicating the per-
centage of cells with intact and permeabilised membrane. 
The two factors taken into consideration were shaken flask 
working volume, as a mean to control oxygen availability 
in terms of the volumetric oxygen mass transfer coefficient, 
kLa, and nitrogen concentration through the addition of dif-
ferent  NH4Cl amounts to the medium culture. The lowest 
value obtained for biomass in the experimental design was 
5.06 g/L, and it was found for a tested condition correspond-
ing to the lowest oxygen availability tested, kLa 0.24 min−1. 
The increase in kLa values did not affected biomass growth 
or lipase production. However, maintaining kLa values (0.65 
or 1.47 min−1) and increasing  NH4Cl concentration (0.2 up 

Fig. 3  a Growth of M. capitatus JT5 in the OMW-based media. Val-
ues represent means of three independent replicates and error bars 
indicate standard deviations. b Lipase production of M. capitatus JT5 
in the OMW-based media. Values represent means of three independ-
ent replicates and error bars indicate standard deviations
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to 2.8 g/L), lipase production was increased by 11-fold (tests 
D and F) and ninefold (tests E and G), reaching about 1.4 U/
mL. Flow cytometry was used to observe the physiological 
stress induced in the cells by the different tested conditions 
(A–G). From the analysis of Table 3, it is clear that all the 
cultures showed a low proportion of cells with permeabilised 
membrane because they were under low stress conditions, 
and were able to tolerate the conditions of the experimental 
design.

Analysis of the Polynomial Models Parameters

The data obtained from the experimental design were fur-
ther used for regression analysis and the polynomial model-
derived parameters (β0 to β22) are shown in Table 4. These 
parameters describe the relative influence of both factors 
individually on the responses and their interaction within the 

experimental domain. β0 represents the analysed response 
at the centre of the experimental domain. The magnitude of 
β1 and β2 indicates the importance of each factor (oxygen 
availability and nitrogen concentration, respectively) on the 
responses. β12 is an interaction parameter indicating how the 
effect of one factor depends on the level of the other factor. 
The values of β11 and β22 determine how the response sur-
face folds downward (negative values) or upward (positive 
values) quadratically, more or less rapidly depending on the 
magnitude of the absolute value.

For the statistical analysis, the observations were accord-
ing to the model representation of the experimental domain 
(Table 4). The relative effect of the two studied factors, 
oxygen availability (kLa) and nitrogen concentration, in 
biomass growth, lipase production, intact (IC) and permea-
bilised cells (PC) was given by the values of β parameters. 
The influence of the oxygen availability (β1 = 0.33) is lower 

Table 3  Data obtained for each tested condition in response to variation of the medium volume (oxygen availability) and the nitrogen concentra-
tion, according to a Doehlert distribution for two factors

Tests were performed in duplicate
IC, intact cytoplasmic membrane; PC, permeabilised cytoplasmic membrane

Test Experimental conditions Responses

Volume (mL) kLa  (min−1) NH4Cl (g/L) Biomass (g/L) Lipase 
activity (U/
mL)

IC membrane 
(%)

PC membrane 
(%)

Cell size 
(FSC)

Granularity 
(SSC)

E 190 0.65 0.2 6.97 ± 0.5 0.16 ± 0.0 99.27 ± 0.2 0.72 ± 0.3 1422.25 ± 60 1040.05 ± 0.0
F 130 1.47 0.2 6.96 ± 0.1 0.12 ± 0.0 98.10 ± 0.7 1.89 ± 0.7 1623.35 ± 88 1260.60 ± 85
C 400 0.24 1.5 5.06 ± 2.4 0.37 ± 0.2 99.23 ± 0.0 0.73 ± 0.0 1563.45 ± 0.1 1177.30 ± 0.0
A 170 1.06 1.5 6.59 ± 0.2 0.32 ± 0.1 96.41 ± 0.8 3.52 ± 0.9 1479.20 ± 0.0 1239.45 ± 17
B 100 1.88 1.5 6.73 ± 0.4 1.24 ± 0.1 99.73 ± 0.0 0.27 ± 0.0 1101.85 ± 52 675.45 ± 38
G 190 0.65 2.8 6.21 ± 0.0 1.44 ± 0.0 98.93 ± 0.0 1.03 ± 0.0 1150.00 ± 0.0 711.3 ± 0.0
D 130 1.47 2.8 6.25 ± 0.5 1.37 ± 0.1 99.87 ± 0.0 0.14 ± 0.0 1372.50 ± 0.0 851.4 ± 0.0

Table 4  Parameters of the polynomial models representing the studied responses

Critical and calculated values in both F-tests were used to test the effectiveness of the parameters and the lack of fit
β0, response at the centre of the experimental domain; β1 and β2, parameters of the factors; β12, parameter of the interaction of the factors; β11 
and β22, self-interaction parameters of the factors 1 and 2, respectively

Model Biomass Lipase Intact membrane Permeabilised cells

Model parameters β0 6.59 0.32 96.41 3.52
β1 1.14 0.33 0.13 − 0.11
β2 − 0.42 0.73 0.41 − 0.41
β12 0.03 − 0.02 1.22 − 1.19
β11 − 1.56 0.32 3.07 − 3.02
β22 0.53 0.38 2.47 − 2.42

Model validation (Fis-
cher test)

Effectiveness of the parameters 5.68 22.16 19.78 16.31
Significance level, F (5,8), % α = 0.01 α = 0.001 α = 0.001 α = 0.001
Lack of fit 36.32 51.10 1.07 0.28
Significance level, F (1,7),  % α = 0.001 α = 0.0001 α = 0. 1 α = 0. 1
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than the nitrogen concentration (β2 = 0.73) in lipase produc-
tion. The interaction of both factors (β12 = − 0.02) shows that 
these two factors act independently, since their joint action 
does not exhibit an improvement in lipase activity, except 
when these factors reach their highest value. Concerning 
biomass, there is a positive interaction of the two factors 
for biomass growth (β12 = 0.03) but the influence of oxygen 
availability (β1 = 1.14) has more effect on yeast growth than 
nitrogen concentration (β2 = − 0.42). The interaction of the 
two factors also has a positive response for intact membrane 
cells (β12 = 1.22).

Analysis of Isoresponses Surfaces Plots

Data regression transformed the statistical data into con-
tour plots. Figure 4 presents the profiles obtained by the 
isoresponse contours of biomass concentration (a), lipase 
production (b), percentage of intact cells (c) and percentage 
of permeabilised cells (d) with increasing concentrations of 
nitrogen and oxygen on growth of M. capitatus JT5 on undi-
luted OMW-based medium.

The importance of oxygen availability on biomass growth 
is expressed by the vertical lines on the response surface in 
Fig. 4a, with the nitrogen concentration having insignifi-
cant influence. It becomes clear that the optimum kLa values 
vary between 1.0 and 1.7 min−1. In this range, the limiting 
nutrient is in excess and the nitrogen concentration becomes 
the most influent factor. The increase of kLa to highest val-
ues (which were obtained using low volumes of culture 
media), did not improve biomass production, meaning that 
a good stability for the growth of M. capitatus JT5 under the 
experimental domain has been achieved. This stability can 
be observed in the response surface in Fig. 4c, d, since there 
is no variation in the response of intact and permeabilised 
cell membranes resultant from the interaction of both fac-
tors, oxygen transfer rate (kLa) and nitrogen concentration 
 (NH4Cl).

The response surfaces in Fig. 4b shows the variation 
of lipase production within the experimental domain. The 
increase in the  NH4Cl concentration and on kLa values 
increased the production of lipase. However, the enzyme 
activity seems to be more affected by the nitrogen concen-
tration due to the horizontal lines observed on the upper left 
response surface. Results show that nitrogen influenced the 
lipase production, as the highest lipase activity values (1.44 
and 1.37 U/mL) were obtained at the highest  NH4Cl concen-
tration (2.8 g/L). It is generally known that OMW has a low 
content of nitrogen and it could be necessary to supplement 
these effluents. Fadil et al. [66] report that the low content 
of nitrogen and phosphate of OMW are necessary for a suc-
cessful degradation of that effluent using Geotrichum sp., 
Aspergillus sp. and Candida tropicalis. The effect of nutri-
ents requirement and oxygen supply has been studied on 

biomass growth and for the improvement of lipase produc-
tion by filamentous fungi and yeast strains. D’Annibale et al. 
[29] described the influence of different nitrogen sources 
 (NH4Cl,  (NH4)2SO4,  NaNO3 and urea) on lipase produc-
tion by Candida cylindracea in OMW. The study showed 
that the highest lipase activity of 1.45 U/mL was achieved 
with the use of ammonium salts, mainly  NH4Cl. Brozzoli 
et al. [27] also concluded that lipase production could be 
enhanced in nitrogen-supplemented OMW based media by 
C. cylindracea.

Analysis of Experimental Data

Statistical validation of the polynomial equations was made 
by analysis of variance (ANOVA) [67]. The adequacy of 
the models to fit the sets of data was performed using two 
statistical tests: (i) the F-test for the effectiveness of the fac-
tors which detects whether the source of variance, included 
in the residuals, is due to the inadequacy of the models to 
reproduce experimental data; and (ii) the F-test for the lack 
of fit, that is performed in order to detect if the origin of the 
variance was due to experimental errors. Table 4 shows the 
Fisher variation ratios and levels of confidence evaluated 
for each F-test.

The F-test for the effectiveness of the factors applied 
to biomass, lipase activity, intact and permeabilised cells 
showed a level of confidence at which the null hypothesis 
 (H0) can be rejected by 0.001% for lipase activity, per-
meabilised cells and intact membrane cells, and 0.01% for 
biomass. Thus, with a good level of confidence it can be 
assumed that a significant amount of variance in the data 
has been represented by the factors in the models (i.e. the 
factors, as they appear in the model, do have an effect upon 
the responses analysed).

The F-ratio for the lack of fit also seems to be highly 
significant for the responses of lipase activity and biomass 
under study, as the null hypothesis can be rejected with lev-
els of confidence of 0.0001 and 0.001% as shown in Table 4. 
Under these conditions, the alternative hypothesis  (Ha) is 
accepted, which means that the lack of perfect prediction of 
the models is explained by the experimental error. All the 
models fit well the sets of data.

Assessment of Lipase Production in Bioreactor

The effect of increase olive oil concentration on production 
of lipase was evaluated in a stirred tank reactor with OMW-
based medium. The fermentation was conducted using 
undiluted OMW-based medium supplemented with 2.8 g/L 
 NH4Cl, according to the previous experimental design in 
shake-flasks. Figure 5 shows the fermentation profiles in 
batch conditions, during yeast growth. In Fig. 5a, it can be 
observed that the yeast grew rapidly (0.66 h−1) in the first 



3217Waste and Biomass Valorization (2020) 11:3207–3221 

1 3

24 h reaching a biomass concentration of about 14 g/L and 
remained constant after that period. With the increase in the 
olive oil amount to 3 g/L, the growth profile was similar, 
reaching biomass concentration to about 13 g/L. Brozzoli 
et al. [27] also observed this behaviour for C. cylindracea 
grown in shake flasks.

Dissolved oxygen is an important parameter that provides 
information about the current state of fermentation (see 
Fig. 5b). In our study, dissolved oxygen decreased rapidly 
from the beginning of the fermentation, during the first 24 h 
to levels as 40% and 50% saturation, respectively, in media 
with 3 g/L olive oil and 1 g/L olive oil. Thereafter, rapidly 

Fig. 4  Response surface for nitrogen concentration  (NH4Cl 0.2–
2.8 g/L) and oxygen availability (kLa 0.24–1.88 min−1) factors in: a 
lipase activity (U/mL); b biomass concentration (g/L); c percentage 

of intact cell membranes (%); and d percentage of cells with permea-
bilised membranes (%)
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increased and stabilized at levels of 70% and 80%, respec-
tively. In shake-flasks experiments, oxygen was the factor 
with the larger influence on the biomass production. In this 
fermentation carried out in the stirred tank reactor, there 
was a drastic decrease in dissolved oxygen content coin-
ciding with the increase in exponential phase of the yeast 
growth. After that, according Burkert et al. [11], the increase 
in oxygen concentration normally corresponds to the end 
of cell growth and coincides with the beginning of lipase 

depletion. However, in the case of lipase production by M. 
capitatus JT5, increase in activity was observed throughout 
the fermentation period. Asses et al. [13] and Alonso et al. 
[68] showed aeration increased oxygen transfer, which was 
decisive on the microbial lipase production. On the contrary, 
lipase activity can be reduced if anoxic conditions occurred 
in the early stage of yeast fermentation [23].

The effect of olive oil on the lipase activity was shown in 
Fig. 5c. The experimental conditions were chosen accord-
ingly the results obtained by D’Annibale et al. [29], which 
showed that lipase production by C. cylindracea NRRL 
Y-17506 was highly stimulated by vegetable oils, and sup-
plementing with 3 g/L of olive oil. In the current work, 
lipase productivities of 23.98 and 31.59 U/L h were obtained 
for 1 and 3 g/L of olive oil addition, respectively. In fer-
mentation supplemented with 3 g/L olive oil, lipase produc-
tion was faster since beginning, and continues after 96 h of 
experiment, reaching 3.96 U/mL lipase activity.

Conclusions

This study showed that OMW could be used as a source for 
isolation of new lipase-producing yeasts beyond its poten-
tial already confirmed as fermentation medium. The isolate 
JT5 selected with the best lipolytic activity was identified as 
M. capitatus. This isolate was able to grow and to produce 
lipases on undiluted OMW.

The optimization of lipase production by M. capitatus 
JT5 was performed in selected growth conditions using 
undiluted OMW supplemented with yeast extract and olive 
oil as inducer, using two variables: nitrogen source  (NH4Cl) 
concentration and oxygen availability (kLa). Maximal lipase 
activity of 1.4 U/mL was achieved in shake-flasks using sta-
tistical design following the Doehlert distribution for these 
two factors. Lipase production increased with increasing 
of  NH4Cl concentration. Under the tested conditions, bio-
mass growth was stable as the yeast cells did not experience 
adverse conditions, since almost 99% of the yeast cells dis-
played intact membrane, as indicated by the flow cytometry 
analysis. Scale-up of lipase production by M. capitatus JT5 
allowed reaching a maximum of 4 U/mL on the 2L-reactor 
and a productivity of 31.6 U/L h, under optimized conditions 
of aeration,  NH4Cl and olive oil.

Further work focusing on lipase characterization and 
purification from the culture medium can contribute for the 
commercial exploitation of this bioprocess.
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