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Abstract

In the context of the valorization of agri-food by-products, new resource research and
production of lipolytic enzymes were carried out in this work; three fungal strains were isolated
from decomposing olive pomace of oil mills in the region of Northeast Algeria. The identification
of fungal strains was carried out on the basis of their morphological characters followed by the
molecular identification. Lipase production was carried out by fermentation in a liquid medium
based on olive oil. Different process parameters, incubation period, inducer type, incubation
temperature and pH, were optimized to achieve the maximum vyield lipase. The morphological
identification allowed to distinguish one strain of Penicillium sp. and of two strains of Aspergillus
sp., while the molecular identification showed that the three strains are Penicillium crustosum
(Accession number PP989434) and Aspergillus fumigatus (PP989433 and PP989438), respectively.
The optimization of lipase production by Aspergillus fumigatus C21 showed that it has a maximum
of lipase production after the 3™ day of incubation using olive oil as substrate at 35°C and pH 6.
The maximum lipolytic activity of Penicillium crustosum C22 was obtained after 5 days of
incubation using soybean oil as substrate at 15°C and pH 8. The maximum lipase secreted by
Aspergillus fumigatus C30 was determined after 5 days of incubation using Tween 20 as substrate,
at 35°C and pH 7. This study made it possible to valorize olive pomace as a new source of lipolytic
fungal strains and to determine the optimal conditions of production. Thus, the present study
proved that these fungal strains used is highly potential and will be useful for industrial production.

Keywords — Aspergillus fumigatus — lipolytic activity — optimal conditions — Penicillium
crustosum — valorization

Introduction
By definition, lipases are biological agents that catalyze the hydrolysis of triacylglycerol
ester linkages at the oil-water interface, producing free fatty acids, glycerol, diacylglycerol, and
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monoacylglycerol. (Carvalho et al. 2023). Lipases can catalyze a variety of processes, including
esterification, trans-esterification (alcoholysis, aminolysis, acidolysis, and inter-esterification), and
hydrolysis reactions (EI-Shall et al. 2022). Numerous sectors, including food, pharmaceutical,
leather, cosmetics, detergents, medical diagnostics, dairy, drinks, fatty acids, and paper, use lipase
catalytic reactions (Chandra et al. 2020, Dos Santos et al. 2023). This is why lipases have become
so important in several industrial sectors and in the field of biotechnology (Kumar et al. 2023).
Lipases can be produced by animals, plants, and microorganisms (Yao et al. 2021). Because of
their stability across a broad range of pH and temperature, substrate specificity, simplicity of
genetic manipulation, high yields, and low production costs, microbial lipases are generally
regarded as the best source of lipase (Adetunji & Olaniran, 2021). Yeast, bacteria, and filamentous
fungi are the most promising lipolytic microorganisms (Szymczak et al. 2021). In fact, filamentous
fungus are the best source of microbial lipase. Compared to other microorganisms, such bacteria,
which manufacture lipase intracellularly, their lipases are primarily extracellular, which greatly
lowers the cost of downstream processing (Ali et al. 2023). According to Gémez-Vazquez et al.
(2024), filamentous fungi are eukaryotic creatures that thrive in a variety of settings, including soil,
plants, food, and agro-industrial wastes. Materials obtained as waste from agricultural fields and
companies associated with agriculture are known as agro-industrial wastes (Yaashikaa et al. 2022).
Mediterranean countries' food industries rely heavily on olive oil (Kounani et al. 2023). One of the
top producers of olive oil worldwide is Algeria (Kalarasse & Foufou, 2024). This output is crucial
for both food security (Rouibah & Belabbas 2022) and economic growth (Sahli 2022). In fact, the
olive oil industry produces large amounts of rejected olive pomace, which can have detrimental
effects on the environment (Jmeii et al. 2019). In this context, the aim of this study is to search for
a new source of lipases from fungal strains isolated from olive pomace in the northeastern Algerian
region.

Materials & Methods

Fungal strains isolation

Fungal strains used in our study were isolated from decomposing olive pomace from oil mills
in the region of Guelma (North East Algeria) at a depth of 10 cm. Samples of decomposing olive
pomace from the oil were collected using a sterile shovel. The samples were transported in sterile
bags and relevant information was noted (Kadhim et al. 2023). The decimal dilutions method was
used. The first dilution was created by combining 10 g of each decomposing olive pomace sample
with 90 mL of physiologically sterile water and stirred for 20 minutes. Series of dilutions were
performed up to the 10 dilution. Then, triplicates of 0.1 mL of dilutions 10#,10° and 10 were
inoculated on the surface of Petri dishes containing solid Potato Dextrose Agar (PDA) (Davet &
Rouxel 1997) and supplemented with 100 uL (40 mg/mL) of Gentamicine (Leblalta et al. 2020).
Then, the plates were incubated at 27°C for 5 days. Fungal isolates were subsequently purified on
PDA medium.

Fungal strains identification
Morphological Identification

Macromorphological characteristics, including shape, color, and colony expansion, were used
to identify fungi. A microscopic analysis was carried out with Lactophenol Cotton Blue to detect
micromorphological features (Iberahim et al. 2023)
Molecular identification
DNA extraction

For mycelium production, each isolate was grown on 100 mL of potato dextrose broth at
room temperature for 2 days. The mycelial mass produced by each isolate was separated from the

85



broth by filtration on sterile Whatman No. 5 Filter paper, dried, and transferred into Eppendorf
tubes for the extraction of genomic DNA, which was carried out according to a modified version of
an enzymatic lysis method (Abdeljalil et al. 2014, Cheng & Bélanger 2000). Briefly, lysis of the
mycelia was carried out in two phases: firstly, the mycelium of each isolate was incubated in 0.5
mL of 50 mM citrate buffer (pH 5) containing lysing enzymes from Sigmaor glucanex from
Novozyme (50 mg/mL) for 2 hours at 37°C. Note that Lysing enzymes gave us much better results.
Then, each mixture was supplemented with 0.4 mL of TE (10 mM Tris-HCI pH 7.4, 1ImM EDTA)
and 0.1 mL SDS 10%. Cell lysis was followed by two extractions with phenol-chloroform-isoamyl-
alcohol and two extractions with chloroform. Finally, the genomic DNA was precipitated with 3 M
Sodium acetate pH 5.2 (1/10 vol) and absolute ethanol (2.5 vol), dried and suspended in 50 pL of
deionized water. The DNA concentration was estimated using the NanoDrop.

PCR amplification and sequencing

For the molecular identification, the D1/D2 domains of 26 S ribosomal RNA gene and the
internal transcribed spacer (ITS), which includes ITS1-5.8 S-ITS2 genes were amplified. Primers
used for amplifications were NLI1 (5’-GCA-TATCAATAAGCGGAGGAA-3’) and NL4
(5’-GGTCCGTGTTTCAAGACGG-3’) (Leaw et al. 2006) for the D1/D2 domains, and ITS1
(5’>-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3) (Luo &
Mitchell 2002) for the ITS region. PCR amplification of the extracted DNA was performed in 50uL
reaction mixture containing 1xTaq Buffer containing 1.5 mM MgClz, 0.2 mM dNTP, 1 unit of Taq
DNA polymerase and 100 to 500 ng of DNA,; the primers were added at a final concentration of
0.02 puM. The amplification cycles comprised an initial denaturation step for 5 min at 94°C,
followed by 40 cycles of (denaturation for 30 sat 94°C, annealing for 30 sat 55°C, extension for 1
min at 72°C), followed by a final extension for 5 min at 72°C. The size and concentration of PCR
products were estimated by electrophoresis using 5 pL on an agarose gel. The amplified PCR
products were cleaned using exonuclease | and Shrimp alkaline Phosphatase.

Sequencing and phylogenetic analysis

The BigDye® Terminator v 3.1 Cycle Sequencing Kit and the automated DNA
sequencer Seq Studio Genetic Analyser Analyzer (Applied Biosystems, Thermo Fisher
Scientific) were used to sequence the purified PCR products on both strands. The acquired
forward and reverse sequences were examined, aligned with Muscle ofin MEGA 11.0 program,
and then manually modified. Following a comparison with typical sequences from the NCBI
(National ~Center for Biotechnology Information) using the BLAST Program
(https://blast.ncbi.nlm.nih.gov/Blast.cgiBlast), the fungal isolates were given species names. The
acquired sequences were added to GenBank and given an accession number.

To identify the phylogenetic relationships of the isolates of this study with related species, a
set of sequences from the different sections of the related genera was used. This sequence set is a
combination of reference sequences from previous studies available in GenBank. According to
Gouy et al. (2010), sequences were aligned using clustalClustal, cleaned using Gblocks, and
concatenated using Seaview. Using phyML (Guindon et al. 2009) and a GTR substitution model,
phylogenetic trees were built by maximum likelihood. The approximate likelihood ratio test
approach (aLRT) was used to evaluate the tree's robustness (Anisimova & Gascuel 2006). For
Aspergillus fumigatus C21 and C30 isolates, sequences from Penicillium chrysogenum, Penicillium
brevicompactum, and P. sclerotiorum were used as outgroups; for P. crustosum C22 isolate,
Aspergillus niger, A. carbonarius, and A. fumigatus were used.

Lipolytic activity assay

Lipase production was carried out by Submerged Fermentation SmF. Medium (pH 6.8) used
for lipase production containing (%wi/v): peptone (2), yeast extract (0.5), NaCl (0.5),
Na2C0Oz3(0.025) and olive oil (1) as inducer (Rajan & Nair 2011). For each strain, a 6 mm diameter
mycelial disc (Geoffry & Achur 2018) of a 3-days culture was added to 250 mL flasks containing
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100 mL of the previous culture medium. Fermentation was carried out for 7 days (27°C; 120 rpm)
(Rajan & Nair 2011). Once the culture was completed, the post-culture liquid was centrifuged for
15 min (4°C; 1000 g) (Kutyta et al. 2022). Then, the supernatant was filtred using syringe filter
with a 0.45 um pore size (Nimkande et al. 2023). The filtrate was considered as a crude enzymatic
extract and was employed for enzymatic reaction (Mendes et al. 2022). The method of Burkert
et al. (2004) for determining lipolytic activity involved titrating the fatty acids generated by the
action of the lipase enzyme, which is present in the enzyme extract, on the triacylglycerols of olive
oil emulsified in Arabic gum using NaOH 0.05 N (Colla et al. 2010). Equation 1 was used to
determine the lipolytic activity (Jwely & Al-Ryani 2024).

Equation 1
V1xNx1000xDF

V2xt

lipolytic activity (U/ml/mn) =

Where:

V1: volume of NaOH

N: Normality of NaOH=0.05 N

DF: dilution factor of the enzyme

V2: volume of enzyme used in the reaction

One unit of enzyme activity is defined as the amount of enzyme required to release 1 pumol of
equivalent fatty acid under standard conditions (Akhter et al. 2022).

Optimization of lipases production

Optimization of the different physicochemical parameters of lipase production was studied
using One-Factor-At-Time (OFAT) approach, which is based on keeping every factor, aside from
the one under study, constant. The impact of temperature, inducers, and incubation time and pH (3
to 10) was tested for optimal lipase production. The incubation period for each strain was studied
by culturing a mycelial disc of each isolate in 100 mL of the lipase production medium (pH 6.8,
27°C, 120 rpm). The lipolytic activities of the strains were tested every 24 hours for 7 days. The
effect of inducers was studied by substituting olive oil with 1% of the following inducers: coconut
oil, soybean oil, sunflower oil, Tween 20, and Tween 80. Each strain was incubated for its optimal
period under the same cultural conditions as mentioned above. The optimum temperature for the
lipase production was determined by incubating every strain in the lipase production medium
(pH 6.8) at different temperatures: 5°C, 15°C, 25°C, 35°C, 45°C using its optimal inducer type
during its optimal period of incubation. The effect of pH on lipase production was inspected by
culturing each strain in the lipase production medium adjusted at different initial pH values: 3, 4, 5,
6, 7, 8, 9 and 10. Optimal conditions studied previously were used. The crude enzymatic extracts
were prepared as described above and were tested for lipolytic reaction. The lipolytic activities
were determined (Mahnashi et al. 2022).

Each test was carried out in triplicate. The data were analyzed using Microsoft Excel 2013
and were expressed as mean + SD value

Results

Fungal strain isolation and identification
Considering the isolates’ morphological traits, three different strains were distinguished and
coded C21, C22 and C30.

Morphological identification

Isolates C21 and C30 were identified as Aspergillus sp., and isolate C22 was identified as
Penicillium sp. On PDA medium, colonies of isolates C21 and C30 are velutinous, blue-green, and
exhibit rapid growth (Fig. 1ai, as). Microscopically, both isolates exhibit uniseriate conidial heads
and parallel phialides curved in a columnar conidial arrangement (Fig. 1b1, bs). On PDA medium,
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colonies of C22 were fast growing, in shades of green, and consist of a dense felt of conidiophores
(Fig. la2). Microscopically, this strain consists of chains of unicellular conidia produced in
basipetal succession from a specialized conidiogenous cell called a phialide (Fig. 1b2).

Fig. 1 — Morphological identification of the isolated fungal strains; a. cultural appearance on PDA
medium of: ai; C21, az; C22, as; C30. b. microscopic appearance after lactophenol cotton blue
staining (Magnification x1000); of: b1; C21, bz; C22, bs; C30.

Molecular identification

Identification on the basis of morphological characteristics was verified by sequence analysis
of the fungal isolates. All three fungal strains isolated were positive for amplification of the ITS
region and D1/D2 domains. Each gene's amplified sequences were submitted to GenBank and
given accession numbers (Table 1). The results showed over 99% identity to the GenBank
reference sequences for both ITS and D1/D2 sequences.

The results of the maximum likelihood phylogenetic analysis indicate that fungal isolates C21
and C30 are members of the genus Aspergillus, section Fumigati. Both isolates have the closest
phylogenetic affinity to A. fumigatus, based on the concatenated ITS and D1/D2 sequences (Fig. 2).

The results of the maximum likelihood phylogenetic analysis indicate that the fungal isolate
C22 is a member of the genus Penicillium, section Fasciculata. The fungal isolate C22 had the
closest phylogenetic affinity to P.crustosum, based on the concatenated sequences of ITS and
D1/D2 (99%) (Fig. 3).

Table 1 Accession numbers of amplified nucleotide sequences from fungal isolates.

ITS D1/D2 domain
Fungi Isolate Identity  Accession Identity  Accession
Number Number
A. fumigatus C21 99.79% PP837827 100% PP989433
P. crustosum  C22 99.46% PP907572 100% PP989434
A. fumigatus C30 99.82% PP864647 100% PP989438
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Fig. 2 — Maximum Likelihood tree based on concatenated datasets of partial ITS and D1/D2
nucleotide sequences. Branch support was estimated with aLRT (SH-like). Posterior probabilities
above 0.50 are shown next to the branches. A: Aspergillus, P: Penicillium. Penicillium
brevicompactum NRRL 2011, Penicillium chrysogenum NRRL 807, and Penicillium sclerotiorum
NRRL 2074 were chosen as outgroups.

PhyML In(L)=-3663.8 GTR 4 rate classes D1/D2 + ITS, 1103 sites
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Fig. 3 — Maximum Likelihood tree based on concatenated datasets of partial ITS and D1/D2
nucleotide sequences. Branch support was estimated with aLRT (SH-like). Posterior probabilities
above 0.50 are shown next to the branches. A: Aspergillus, P: Penicillium. A. niger NRRL 326,
A. carbonarius NRRL 369, and A. fumigatus NRRL 163 were chosen as outgroups.

PhyML In(L)=-2967.5, GTR 4 rate classes, D1/D2 + ITS 1095 sites
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Optimization of lipase production conditions

The three isolates were tested for their ability to produce lipase in Submerged Fermentation
(SmF) using a growth medium to obtain lipase in culture. Different process parameters, incubation
period, inducer type, incubation temperature, and pH were optimized to achieve the maximum
lipase yield.

Effect of incubation period

For seven days, the impact of the incubation period was examined every 24 hours.
P. crustosum C22 produced lipase after the first day of incubation unlike A. fumigatus C21 and
A. fumigatus C30 which started lipase production after the second and third days, respectively.
About the optimal incubation period, A. fumigatus C21 required only 3 days to give a better lipase
production, while the two other isolates A. fumigatus C30 and P.crustosum C22 showed optimal
production after five days of incubation. After the optimal incubation period of each isolate, lipase
production gradually decreased as the incubation period increased (Fig. 4).
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Fig. 4 — Lipase production of the three fungal isolates by Submerged Fermentation SmF (pH 6.8;
27°C; 120 rpm) using olive oil (1 %) as inducer for 7 days at intervals of 24 hours.

Effect of inducer type

Lipase production by P. crustosum C22, A. fumigatus C21, and A. fumigatus C30 was
investigated in relation to inducers in the form of lipid substrates (olive oil, coconut oil, soybean
oil, sunflower oil, Tween 20, and Tween 80). The three strains produced the lipases in presence of
different inducers tested but at different quantities. For P. crustosum C22, lipase production was
high with all tested inducers and optimal production was observed when using soybean oil as an
inducer. For A. fumigatus C21, lipase production was strongly induced by olive oil and Tween 80,
and the optimum was observed when olive oil was used. For A. fumigatus C30, the optimal lipase
production was observed when Tween 20 was used as inducer. The other substrates tested induced
high lipolytic production (Fig. 5).

Effect of temperature

Lipase production of each isolate was studied at temperature range from 5°C to 45°C.
P. crustosum C22 produced lipase at temperatures between 5 and 45°C with optimal production at
15°C. A decline in production was observed with increasing temperature. For A. fumigatus C21 and
A. fumigatus C30, lipase production was demonstrated at temperature ranging from 15°C to
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45°C and optimal production was observed at 35°C. Both fungal strains were capable of producing
lipase at both low and high temperatures (Fig. 6).
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Fig. 5 — Lipase production of the three fungal isolates by Submerged Fermentation SmF (pH 6.8;
27°C; 120 rpm) using different inducers (1 %) during optimal period of incubation.
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Fig. 6 — Lipase production of the three fungal isolates by Submerged Fermentation SmF (pH 6.8) at
temperature range from 5°C to 45°C using optimal inducers (1 %) and during optimal period of
incubation.

Effect of pH

Lipase production of each isolate was studied at a pH range from 3 to 10. The three strains
produced the lipase in this pH range. For A. fumigatus C30, lipase production was high in the range
3-9 and its optimum was marked at pH 7. Lipase production becomes moderate at pH 10. For

92



A. fumigatus C21, lipase production was high in the range 4-8 and its optimum was marked in pH
6. Lipase production was moderate in acidic pH 3 and in the basic pH range 9-10. For P. crustosum
C22, lipase production was moderate at an acidic range of 3-4. A strong decrease in the production
of lipase was observed in the alkaline range 9-10 (Fig. 7).
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Fig. 7 — Lipase production of the three fungal isolates by Submerged Fermentation SmF at pH
range from 3 to 10 using optically conditions studied previously.

Discussion

Many fungal strains are recognized for their capacity to generate lipases with unique catalytic
characteristics, which are essential for a variety of commercial uses (Mahfoudhi et al. 2022). These
fungal strains have generally been isolated from liquid effluents of mills and dairy industries and
from soils contaminated by these effluents (Kumar et al. 2023). Studies on the isolation of lipolytic
fungal strains from solid agro-food waste are rare. As part of the search for new sources of lipase
producers, P. crustosum C22, A. fumigatus C21 and A. fumigatus C30 were isolated from olive
pomace for the first time in Algeria. The three isolates were identified based on their morphological
characteristics and nucleotide sequences in the D1/D2 and ITS regions. The ITS region is used
extensively as an identifying marker for fungi (Michael et al. 2023). However, a great deal of
research suggests that at least one additional region, such as the D1/D2 domains, or protein-coding
genes such as B-tubulin, should be used as complementary markers to ITS in order to ensure
accurate molecular identification of fungi, particularly for improving species delimitation and
phylogenetic resolution among closely related taxa (Kwiatkowski et al. 2012, Ceballos-Escalera
et al. 2022).

Using Submerged Fermentation (SmF) as a growth medium to create lipase in culture, the
three isolates' capacity to produce lipase was evaluated. To obtain the highest lipase yield, several
process parameters, incubation duration, inducer type, incubation temperature, and pH were tuned.

The incubation period plays a central role in the synthesis of lipases. A. fumigatus C21 only
requires three days to give better lipase production. This optimal incubation period, similar to that
of A. niger strains (Alabdalall et al. 2020), is shorter than that of A. fumigatus MTCC 9657, which
gives maximum lipase production after four days of fermentation (Rajan & Nair 2011) and of the
other two isolates in the current study (A. fumigatus C30 and P. crustosum C22) which showed
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optimal production after 5 days of incubation. This optimal incubation period is the same for lipase
production by Penicillium sp. DS-39 (DSM 23773) reported by (Dheeman et al. 2011) and faster
than Penicillium sp. FO4 (Cesario et al. 2021) and P. crustosum P22 (Hasnaoui et al. 2022), which
requires 6 days to give better lipase production. After the optimal incubation period of each isolate,
lipase production gradually decreased as the incubation period increased. Reduced nutrition and
metabolic byproducts (inhibitors) could be the cause of this decline (Alabdalall et al. 2020).

Lipidic substrates high in polyunsaturated fatty acids were used in this investigation to
examine the lipase synthesis of the three fungus isolates. (soybean oil and sunflower oil), olive oil
rich in monounsaturated fatty acids, especially oleic oil, coconut nut oil composed mainly of
saturated fatty acids, Tween 20 as lauric acid source, and Tween 80 as oleic acid source. For
P. crustosum C22 lipase production was strongly induced by oils rich in polyunsaturated fatty acids
(soybean oil and sunflower oil). The fungal lipase production by Leptosphaerulina trifolii A SMR-
2011 was also highly induced by soybean oil and sunflower oil (Vasundhara et al. 2024). Lipase
production by A. fumigatus C21was strongly induced by the high oleic acid substrates (olive oil and
Tween 80) and the optimum was marked using olive oil as an inducer. This confirms studies of
(Salgado et al. 2020) and (Elhussiny et al. 2024), which have demonstrated that olive oil, with its
high oleic acid content, is the best inducer of fungal lipase production. For A. fumigatus C30, the
optimal lipase production was marked when using Tween 20 as the inducer. This explains the
lipase produced by this strain strongly induced by lauric acid. High lipase induction by Tween 20
has only been demonstrated in bacteria (Techo et al. 2022). The three strains produced the lipases
in the presence of different inducers, tested with different quantities. This difference is due to the
production of lipase depending on the fungal strain and the inducer composition (Kumar et al.
2023).

It is well known that the microorganism's growth circumstances correlate with the
temperature needed for lipase production (Rabbani et al. 2023). Lipase production of each isolate
was studied at temperature range from 5°C to 45°C. P. crustosum C22 produced lipase at all
temperatures studied with optimal production at 15°C. This explains why P. crustosum C22, as a
psychrotolerant fungus, is receiving widespread attention due to its potential to produce cold-
adapted enzymes, which are important in large biotechnological and industrial fields (Hamid et al.
2022), particularly in the production of frail/fragile molecules and chiral intermediates (Mhetras
et al. 2021). By eliminating the requirement for heating processes, these biocatalysts can increase
energy efficiency and cost-effectiveness (Matinja et al. 2022). Some fungal species of Penicillium
(Tan et al. 2022) and Fusarium (Jwely & Al-Ryani 2024) have been investigated for the production
of cold-active enzymes. For A. fumigatus C21 and A. fumigatus C30, the lipase production was
shown to occur over a temperature range of 15°C to 45°C, with optimum production at 35°C. Thus,
these two strains are thermotolerant. Due to the thermostable extracellular enzymes that they
produce, thermotolerant microorganisms are of important economic value (Gavande et al. 2021).
Although, few thermotolerant filamentous fungi were studied for their lipase production (Diaz et al.
2006, Naqvi et al. 2011)

Lipase production of each isolate was studied at the pH range between 3 and 10. Lipase
production at different acidic and alkaline levels was found; this is explained by the physiological
and metabolic adaptation of fungi, which contribute to their survival and lipase production
(Alabdalall et al. 2020). However, the optimal lipase production was at pH 6 for A. fumigatus C22;
at pH 7 for A. fumigatus C30 and at pH 8 for P. crustosum C22. Some microorganisms have
matched these results for lipase production; for example, Aspergillus sp. showed maximum lipase
production at pH 6 (Tan et al. 2022), optimal lipase production by Aspergillus sp. strains was
marked at pH 7 (Alabdalall et al. 2020, Triyaswati & IImi 2020) and maximum lipase production
by Penicillium sp. was obtained at pH 8 (Pourkhanali et al. 2022).

Conclusion

This study made it possible the valorization of olive pomace into lipase producing strains.
The three strains P. crustosum C22, A. fumigatus C21 and A. fumigatus C30 were isolated from
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decomposing olive pomace from oil mills in the Northeast Algerian region. The optimal conditions
for A. fumigatus C21 were 3 days of incubation using olive oil as substrate at 35°C and pH 6. For
P. crustosum C22, the optimal conditions were 5 days of incubation, soybean oil as substrate at
15°C and pH 8. For A. fumigatus C30, the optimal conditions were 5 days of incubation, using
Tween 20 as substrate at 35°C and pH 7. Factorial optimization and the study of the stability of the
lipolytic enzymes of these fungal strains will allow their successful use in biotechnological
applications, particularly in detergency and biodecontamination.
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