
Food Bioscience 43 (2021) 101253

Available online 20 July 2021
2212-4292/© 2021 Elsevier Ltd. All rights reserved.

Evaluating starter culture potential of wild Penicillium roqueforti strains 
from moldy cheeses of artisanal origin 
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A B S T R A C T   

Penicillium roqueforti from native food habitats can provide more insights into moldy cheese production. The 
objective of this study was to evaluate the starter culture potential of wild P. roqueforti strains from moldy cheese 
samples of artisanal origin. Their starter culture potential was studied after culturing, morphological analysis, 
and PCR-identification of P. roqueforti isolates. Overall, 17 of 623 cultured fungal strains were identified as 
P. roqueforti by PCR. The identified strains showed high proteolytic activity (8.9 ± 8.4), followed by amylolytic 
(0.413 ± 0.289) and lipolytic (0.29 ± 0.28) activities, with an optimum acid pH of 6.0. In addition, the strains 
were inhibitory on Staphylococcus aureus, Escherichia coli, Bacillus subtilis, and S. typhimurium, susceptible to TE, 
CPD, and CTX whereas resistant to CAZ, CN, K, VA, and C, and antagonistically suppressed by some lactic acid 
bacteria species. The mean highest viability was detected as 7.4 ± 1.2 g/CFU in a medium of sucrose, peptone, 
KH2PO4, MgSO4⋅7H2O, KCI, whey, and milk powder under batch-fermentation conditions of at 25 ◦C for 72–96 h, 
with pH 6.0 and 10% dissolved oxygen. In summary, our results showed that wild P. roqueforti isolates could 
meet specific requirements for becoming fungal starter cultures for moldy cheese production.   

1. Introduction 

Cheese is a complex microbial ecosystem comprising a broad range 
of different microorganisms (Khattab, Guirguis, Tawfik, & Farag, 2019). 
For example, in cheese production, lactic acid bacteria (LAB) is used as a 
starter culture for acid production, whereas yeasts, molds, other bacte-
ria, and heterofermentative lactobacilli are involved in the ripening 
process (Irlinger, Helinck, & Jany, 2017; Pereira et al., 2019). In addi-
tion, fungal strains contribute to specific sensorial characteristics 
(Bockelmann, 2007; Copetti, 2019a). 

The involvement of visible fungal mycelium was one of the earliest 
approaches in cheese production 4000 years ago (Ghorai et al., 2009). 
Moldy cheeses are popular but not mass-produced (3% of the total 
cheese production globally, and up to 8% of the whole cheese produced 
in Europe) (McSweeney, Ottogalli, & Fox, 2017; Spinnler, 2017). They 
have a characteristic appearance, typical aroma, and taste due to their 
complex ripening patterns (Al-Otaibi, Haddadin, & Haddadin, 2016). 

Moldy cheeses are divided into two subtypes. The first is the surface 
mold-ripened cheeses such as Camembert and Brie, generally ripened by 
P. camemberti, forming a velvety white rind. The second is the internal 
mold-ripened (blue-veined) cheeses (Danablu, Roquefort, Stilton and 
Gorgonzola, ripened by P. roqueforti) (Copetti, 2019b; Desmasures, 
2014; Dumas et al., 2020). 

P. roqueforti is one of the thirteen filamentous fungal species in the 
dairy industry (Bourdichon et al., 2012). It is one of the most extensively 
studied species for its technological use (Kure & Skaar, 2019). Its major 
reservoir is the native pool of food habitat but cannot always meet 
specific requirements of fabricated food production (Geisen, 1993; 
Steensels, Gallone, Voordeckers, & Verstrepen, 2019). In the last years, 
the studies have focused on its morphological, metabolic, and genetic 
characteristics as well as its adaptation to the cheese matrix and 
domestication process (Kırtıl, Metin, & Arıcı, 2020). P. roqueforti is 
selected based on morphological and physiological properties and 
pigmentation (Roostita & Fleet, 1996). Taxonomically, it is recognized 
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as a single species despite having morphological and intraspecific di-
versity (Pitt & Hocking, 2009, p. 520; Ropars et al., 2014). By the 19th 
century, milk or curd was inoculated with this fungus for Roquefort 
cheese production. Following World War II, it was selected in terms of 
technological and organoleptic impacts (Dumas et al., 2020; Ndlovu, 
van Jaarsveld, & Caleb, 2019). 

P. roqueforti is conventionally characterized by morphological 
properties and colony morphology when grown on specific growth 
mediums. It generally exhibits high macroscopic variability on Potato 
Dextrose Agar (PDA) and Malt Extract Agar (MEA), colony color and 
texture, as well as margin width (Coton, Coton, Hymery, Mounier, & 
Jany, 2020). However, the Potato Dextrose Agar is the most discrimi-
native one for macroscopic and microscopic evaluation (Gillot et al., 
2015). Morphology of the organism itself is based on features of the 
brush-shaped fruiting head; size, shape, and number of conidia; size and 
number of sterigmata; whether there is branching; length and surface 
markings of the conidiophore; overall dimensions; and like characters 
(Belén Flórez, Álvarez-Martín, López-Díaz, & Mayo, 2007). Its conidia 
are not affected at 55 ◦C for 10 min, even though its hydration time is 
extended to 48 h (Dantigny & Nanguy, 2009). The optimum temperature 
and pH on the germination of P. roqueforti conidia showed 26.9 ◦C and 
pH 5.6 (Kalai, Anzala, Bensoussan, & Dantigny, 2017). 

Natural variants of P. roqueforti may thrive better in fabricated en-
vironments than others. However, it seems unclear whether P. roqueforti 
from native food habitats can meet the performance characteristics in 
the food sector. Therefore, assessing its starter culture potential can 
provide more insights into moldy cheese production (Steensels et al., 
2019). 

This study aimed to evaluate the starter culture potential of wild 
P. roqueforti strains from moldy cheese samples of artisanal origin. 

2. Materials and methods 

2.1. Materials 

2.1.1. Sampling 
From May 2019 to June 2020, 100 moldy cheese samples of artisanal 

origin were collected randomly from different districts of Turkey (22 in 
Marmara, 41 in Central, and 37 in Eastern Anatolia). All the samples 
were put into sterile sampling bags to prevent cross-contamination (EC 
Samancta SAM-110, 2012) and transported to the laboratory in a ther-
mobox container at 4 ◦C until sample preparation and analysis. 

2.1.2. Chemicals and reagents 
Potato Dextrose Agar (PDA) (Merck 1.10130, Darmstadt, Germany), 

Malt Extract Agar (MEA) (Merck 1.05398), Czapek Yeast Autolysate 
Agar M2061 (CYA Agar), Czapek-Dox Agar (CDA) (Merck 105460), and 
0.1% peptone solution (Merck 107228) were prepared for isolation, 
cultivation, and identification of pure Penicillium species in the samples, 
and lactophenol blue solution stain (fungal) (Sigma-Aldrich 61335, 
Taufkirchen, Germany) for macroscopic and microscopic testing. All 
chemicals and reagents were selected according to ISO 11133 (2014), 
Cakmakci et al. (2015), and Gillot et al. (2015). 

2.2. Mold identification 

For sample preparation and conventional analysis, 10 g of each 
sample was homogenized with 90 mL of 0.1% peptone solution in a 
sterile stomacher bag (Interscience Bag System) for 2 min using a 
stomacher (AES Laboratoire, Chemunex, France). Serial dilutions (10− 1 

to 10− 4) of homogenized samples were inoculated onto PDA and CDA 
plates and incubated at 25 ◦C and 35 ◦C for five days (ISO 11133, 2014). 

Following incubation, the macroscopic colony morphology of the 
isolates was examined on PDA and CDA mediums after seven days of 
incubation at 25 ◦C and 35 ◦C by recording colony diameters (CD) every 
24-h. After incubation, fungal cultures were stained with Lacto cotton 

blue solution, and their macroscopic images were photographed. 
Exudate production on CYA agar was considered, and the mycelium 
layer was selected as droplet sweating (Palacios-Cabrera, Taniwaki, 
Hashimoto, & Menezes, 2005; Pitt & Hocking, 2009, p. 520; Raper & 
Thom, 1949, pp. 1–875). Microscopic colony morphology was also 
evaluated by observing the spores of pure isolates under the microscope, 
considering spial after metula forming phialides as Penicillium species 
(Pitt & Hocking, 2009, p. 520; Tiwari, Jadhav, & Kumar, 2011). 

After that, genomic DNA was extracted from fresh mycelium for each 
isolate after 5–7 days of growth on 20 g/L malt extract, 3 g/L yeast 
extract, and 15 g/L agar using Fast DNA SPIN Kit (MP Biomedicals, 
Illkirch, France), according to the manufacturer’s instructions. Quanti-
tative determination of total DNA was determined using NanoDrop 2000 
Micro volume Spectrophotometer (Thermo Scientific™, USA) at 350 
nm. Stock solutions (100 ng/μL) were prepared for PCR testing, and all 
DNA samples were stored at − 20 ◦C. 

Following the DNA isolation, the amplification of the β-tubulin gene 
was conducted for all Penicillium isolates to ensure that they belonged to 
the P. roqueforti species by using Bt2a and Bt2b primers. The primers 
were designed as Bt2a (5′-GGTAACCAAATCGGTGCTGCTTTC-3′) and 
Bt2b (5′-ACCCTCAGTGTAGTGACCCTTGGC-3′), as described by Glass 
and Donaldson (1995). The amplification was performed by Thermal 
Cycler PTC-0200G DNA Engine (BioRad, USA) with one cycle for 3 min 
at 94 ◦C, 30 cycles for 40 s at 94 ◦C, 40 s at 55 ◦C, 1 min at 72 ◦C, and 
final elongation at 72 ◦C for 15 min. Gel-electrophoresis was performed 
on a 1.5% agarose gel at 75 V for 45 min. The amplicons were photo-
graphed with UV illumination by Biorad GelDoc 2000 imaging system 
and analyzed by Biorad Quantity one 4.6.3 GelDoc XR Software. 

2.3. Determination of proteolytic, amylolytic, and lipolytic activities 

Proteolysis is the most important biochemical event during the 
ripening of most cheese varieties, with a significant impact on flavor and 
texture. The effect of casein on the qualitative proteolytic activity was 
studied by inoculating the cultures on the MEA plate containing 10% 
skim milk and incubating them for 72 h at 27-30 ◦C. Finally, proteolytic 
strains were recognized by their clear halo in the plates, and calculated 
was obtained by the ratio of zone diameter (ZD) to colony diameter (CD) 
(Pereira, Crespo, & San Romao, 2001). The proteolytic activity was 
quantified according to the method described by Keay and Wildi (1970), 
using casein as a substrate. One unit (U) of protease activity was defined 
as the increase in absorbance of 0.001 for casein per min and per mL of 
the suspension containing 108 spores from 6-day-old colonies, incubated 
at 37 ◦C for 20 min. Finally, proteolytic activity (IU/mL) was read at 660 
nm by a spectrophotometer (Cecil CE 3021 3000 series, Cambridge, UK). 

An amylolytic microorganism can decompose starchy material 
through the amylases production during the fermentation processes. The 
effect of amylase medium soluble starch on the qualitative amylolytic 
activity was studied by inoculating the cultures on the petroleum- 
containing amylase medium and incubating them for 72 h at 27-30 ◦C. 
After that, the petri dish was sprayed with iodine solution, and amylo-
lytic strains were recognized by dark blue color. The amylolytic activity 
was obtained by the ratio of ZD to CD. The amylolytic activity was 
quantified using starch as a substrate. The suspension containing 108 

spores from 6-day-old colonies was incubated at 25 ◦C and pH 5.0 for six 
days, at 100×g. After that, 20 mL of each cultured medium was centri-
fuged at 4750×g for 20 min, and the supernatant was recognized as the 
crude enzyme solution. Finally, amylolytic activity (IU/mL) was read by 
a spectrophotometer (Cecil CE 3021 3000 series) (Møller, Sharif, & 
Olsson, 2004). 

Lipolysis is the enzymatic hydrolysis of triglycerides to fatty acids 
and glycerol and mono- or diglycerides significantly impacting flavor 
development. The qualitative lipolytic activity was studied by inocu-
lating the cultures on Tween 80 agar, followed by incubation at 
27–30 ◦C for 72 h. First, the lipolytic strains were recognized by the 
opaque zone. Next, the lipolytic activity was measured by the ratio of ZD 
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to CD. Next, the lipolytic activity was quantified by inoculating the 
cultures containing 108 spores in a medium, including NaNO3, 
MgSO4.7H2O, KCI, KH2PO4, yeast extract, peptone, olive oil, with a pH 
of 5.5. Then, after incubation at 37 ◦C for 20 min, 20 mL of each cultured 
medium was centrifuged at 4750×g for 20 min, and the supernatant was 
recognized as the crude enzyme solution. Finally, lipolytic activity was 
obtained based on the absorbance value of p-nitrophenol (PNF) at 404 
nm by spectrophotometer (Cecil CE 3021 3000 series), as previously 
described by Haba et al. (2000). 

2.4. Determination of metabolic activity 

The metabolic activity was studied by the litmus milk reaction 
method. For this, one drop of the 24-h cultured isolate was inoculated 
into a 5 mL of broth-type medium containing litmus milk and incubated 
at 35 ◦C for seven days. The red or white color turn was recognized as 
litmus positive, whereas blue was considered negative for litmus milk 
reaction (Aspri, Bozoudi, Tsaltas, Hill, & Papademas, 2017; Welsh, 
2017). 

2.5. Determination of antibacterial activity 

The antibacterial activity was determined by well diffusion method, 
using S. aureus (ATTC® 29213), E. coli (ATTC®35218), B. subtilis 
(ATTC®6663), and S. typhimirium (ATTC®13311) as the indicator mi-
croorganisms. A 200 μL-aliquot of each strain cultured in the nutrient 
broth for 72 h (approximately with a population of 108 CFU/mL) was 
pipetted into the bored well of 8 mm in diameter and incubated for 72 h 
at 25 ◦C. Finally, the breakpoints with zone diameters were evaluated 
according to CLSI (2015) and Todorov and Dicks (2006). 

2.6. Determination of antibiotic susceptibility 

The antibiotic susceptibility testing was studied by Kirby-Bauer Disc 
Diffusion Method. First, a 200 μL-aliquot of each strain was spread over 
Mueller Hinton Agar (MHA). After that, antibiotic discs of S (10 μg), CAZ 
(30 μg), VA (30 μg), CN (30 μg), E (15 μg), TE (30 μg), DA (2 μg), AM (10 
μg), K (30 μg), CTX (30 μg) μg), CPD (30 μg), and C (30 μg) were placed 
on the plate surface. Afterward, the disc-inserted plates were incubated 
at 25 ◦C for 48 h. Finally, the inhibition zone diameters were measured 
and evaluated as susceptible (S), Intermediate (I), or Resistant (R) ac-
cording to the criteria by CLSI (2015) and Hudzicki (2009). 

2.7. Determination of antagonistic activity 

The antagonistic activity of each strain was tested using the well 
diffusion method. The indicator lactic acid bacteria (LAB) species, 
including L. lactis, L. plantarum, and a combination of L. bulgaricus and S. 
thermophilus, were obtained from the culture collection of Farmapark 
Biotechnology R & D Company in Konya, Turkey. After the incubation of 
the plates at 32 ◦C for 96 h, the inhibition zones around LAB streaks were 
scaled according to “no growth suppression (− )” and “1–5 mm growth 
suppression (+) (CLSI, 2015; Todorov & Dicks, 2006). 

2.8. Determination of viability under different growth conditions 

The cultures’ viability was monitored in a 5 L batch-cut fermenter 
(New Brunswick® BioFlo Fermentor, USA). For this, four different 
growth mediums (designated as A, B, C, and D), autoclaved at 121 ◦C for 
15 min, were prepared (Table 1). First, five percent of the medium and 
3% of the culture inoculum were filled into the fermenter. Then, the 
optimum fermenter conditions were applied as 120×g, pH 6, and 25 ◦C 
for 72–96 h, with 10% dissolved O2. Afterward, 10 mL of the fermenter 
solution was taken and homogenized in 90 mL maximum recovery 
diluent, serially diluted (up to 10− 10). Finally, 100 μL of this aliquot was 
spread on Dichloran Rose Bengal Chloramphenicol (DRBC) agar, 

incubated at 25 ◦C for five days, and finally, the viability was recorded, 
as previously suggested by Klich (2002). 

3. Results and discussion 

This study evaluated the fungal starter culture potential of wild 
P. roqueforti from moldy cheese samples. Of 623 cultured and morpho-
logically identified fungal isolates, 55 isolates were classified as Peni-
cillium species, and 17 isolates were identified as P. Roqueforti. Overall, 
our technological assessments on the fungal starter culture potential 
showed that wild P. roqueforti strains could meet specific requirements 
for becoming fungal starter culture for moldy cheese production 
(Table 2) (see Fig. 1). 

3.1. Mold identification results 

In this study, we hydrated fungi species on PDA medium for seven 
days and cultivated 623 fungal isolates. Among them, 17 were classified 
as P. roqueforti morphologically (Fig. 2 & Fig. 3), as previously described 
by Belén Flórez et al. (2007). Fourteen isolates were isolated from the 
different samples (2 from Marmara, 7 from Central, and 5 from Eastern 
Anatolia), while 3 were from the same samples from the Marmara, 
Central, Eastern regions. The optimum hydration temperature for 
germination of P. roqueforti conidia was kept at 25 ◦C during the culti-
vation, similar to the previously given temperatures of 23.9 ◦C and 
26.9 ◦C as Brancato and Golding (1953) and Kalai et al. (2017). The 
average colony diameter of P. roqueforti strains on PDA medium after 
seven days incubation was 35.2 ± 5.4 mm. Our results indicated that our 
isolates grew slower than those by Gillot et al. (2015) (66.6 mm) and 
Brancato and Golding (1953) (56 mm) but grew faster than Camardo 
Leggieri, Pietri, and Battilani (2020) (23 mm), and Punt et al. (2020) 
(3.94 mm). Temperature influences growth rate and metabolic effi-
ciency differently, although mold fungus had the highest growth rate at 
25 ◦C (Dantigny & Nanguy, 2009; Li, Wadsö, & Larsson, 2009; Samson, 
Houbraken, Thrane, Frisvad, & Andersen, 2019), and our isolates were 
slightly more resistant to the growing conditions (see Fig. 4). 

The genotypic testing revealed that 17 (2.7%) of Penicillium species 
were identified as P. roqueforti by PCR analysis. In the literature, Gillot 
et al., 2015 screened P. roqueforti from 120 local moldy cheese varieties 
by genomic studies. Similarly, Belén Flórez et al. (2007) examined 35 
white and blue-greenish filamentous fungi during ripening of Cabrales 
cheese to identify P. roqueforti. In addition, it is well known that the 
P. roqueforti group has recently been split into three species, P. roqueforti, 
P. carneum, and P. paneum, based on differences in ribosomal DNA se-
quences and secondary metabolite profiles (Boysen, Jacobsson, & 

Table 1 
Different growth conditions in the fermenter.  

Component/Media A B C D 

Quantity (g/L) 

Sucrose 30    
Peptone 5 1   
KH2PO4 1    
MgSO4⋅7H2O 0.5  150 50 
KCI 0.5   50 
Whey Powder 33    
Milk Powder 30    
Malt Extract  20   
Glucose  20   
dH2O  1000 885 1000 
Difco™ Yeast Extract   20  
Trace elements stock solution   1  
NaNO3    300 
FeSO4.7H2O    1 
ZnSO4.7H2O    1 
CuSO4.7H2O    1 
dH2O    1000  
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Schnürer, 2000). Thus, molecular techniques enable us to screen 
different environments and analyze extensive P. roqueforti strains other 
than traditional morphological examination. 

3.2. Proteolytic, amylolytic, and lipolytic activity results 

In our qualitative proteolytic activity study, the mean ratio of ZD 
(mean: 25.6 ± 3.3 mm) to CD (mean: 21.5 ± 4.1 mm) was obtained as 
1.3 ± 0.2 mm, whereas the mean quantitative proteolytic activity on 
tyrosine level was determined to be 8.9 ± 8.4 IU/mL. Overall, all 
P. roqueforti isolates showed quantitative proteolytic activity with 
tyrosine as a more sensitive ripening criterion than soluble protein 
values, as previously explained by Silverman and Kosikowski (1955). 
The proteolytic action of P. roqueforti is derived from hydrolysis of the 
casein matrix and a decrease in curd’s water activity. The catabolism of 
tyrosine is the result of the formation of peptides and amino acids by 
proteolytic activity, contributing to flavor (e.g. bitterness) (Diezhandino 
et al., 2016). In the literature, the role of P. roqueforti in proteolysis has 
been reviewed. For instance, in Danish blue cheese, P. roqueforti pro-
teinases became apparent during nine weeks’ ripening at pH 5.8 (Mane, 
Ciocia, Beck, Lillevang, & McSweeney, 2019). In Valdeón blue-veined 
cheese, proteolysis was very high and showed great complexity at pH 
4.6 (Diezhandino, Fernández, González, McSweeney, & Fresno, 2015), 
and this ‘Valdeón-industrial’ strain showed high levels of proteolytic 
activity than P. roqueforti strains from local varieties of moldy cheese in 
Spain and P. roqueforti CECT 2905 (ATCC 10110) (Fernández-Bodega, 
Mauriz, Gómez, & Martín, 2009). Similarly, wild P. roqueforti NRRL 849 
showed low proteolytic activity, making them suitable for recombinant 
protein production and other biotechnological applications (Chávez 
et al., 2010). Thus, P. roqueforti is a well-known multifunctional cell 
factory of high added-value biomolecules (Beresford, Fitzsimons, 
Brennan, & Cogan, 2001; Mioso, Toledo Marante, & Herrera Bravo de 
Laguna, 2015; Gillot et al., 2017; Hamlyn, Wales, & Sagar, 1987; 
Molimard & Spinnler, 1996). In our study, proteolytic activity results 
indicated that wild P. roqueforti strains were adequate for speed of 
growth and differences apart from the morphology. 

In our study, the mean ratio of ZD (mean: 22.3 ± 3.5 mm) to CD 
(mean: 18.3 ± 2.2 mm) was obtained as 1.2 ± 0.2 mm for qualitative 
amylolytic activity, whereas the mean quantitative amylolytic activity 
on amylase level was determined to be 0.29 ± 0.28 IU/mL. These results 
showed that only 35% of P. roqueforti isolates exhibited amylolytic ac-
tivity. Amylases were first widely marketed in the early 1960s, after a 
wide range of proteases and lipases (Saxena, Gupta, Saxena, & Gulati, 
2001). Amylase catalyzes the hydrolysis of starch and leads to glucose, 
maltose, and maltotriose units (Konkit & Kim, 2016). Our amylolytic 
activity findings revealed that the degree of amylase production varied 
among the P. roqueforti isolates, possibly depending on the microbe’s 
origin, as well as the growth factors. 

In our qualitative lipolytic activity study, the mean ratio of ZD 
(mean: 21.0 ± 5.9 mm) to CD (mean: 20.6 ± 3.8 mm) was obtained as 
1.2 ± 0.1 mm, whereas the mean quantitative lipolytic activity on lipase 
level was determined to be 0.413 ± 0.289 IU/mL. The findings revealed 
that only 41% of P. roqueforti isolates showed lipolytic activity. Our 
results revealed that some P. roqueforti strains showed lipolytic activity 
with high proteolytic activity, as previously described Ozturkoglu-Bu-
dak, Wiebenga, Bron, and de Vries (2016). Lipases improve the flavor 
profile of the moldy cheese (Khattab et al., 2019), and some are 
commercialized (Li & Zong, 2010). P. roqueforti possesses two lipases, 
one with a pH optimum of 7.5–8.0, the other with a more alkaline pH 
optimum (9–9.5) (Collins, McSweeney, & Wilkinson, 2003; Geoffry & 
Achur, 2018), and hence the lipases produced by our strains needs 
further analysis to clarify the technical detail given by Collins et al. 
(2018). Various media compositions stimulate P. roqueforti for the pro-
duction of lipase, stable up to 55 ◦C within a broad pH range (Hasan, 
Shah, & Hameed, 2009). In our study, we have tested four different 
complex mediums under batch fermenter conditions. In the literature, Ta
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lipolytic activity of wild P. roqueforti strains were similar to P. roqueforti 
CECT 2905 (ATCC 10110) and a strain ‘Valdeón-industrial’ (Fernán-
dez-Bodega et al., 2009). Overall, our results proved that P. roqueforti 
strains were much more proteolytic than lipolytic and amylolytic, 

concordant with Kinsella, Hwang, and Dwivedi (1976), confirming that 
there was a negative correlation between proteolysis and lipolysis in 
different strains of P. roqueforti (Fig. 3). 

Fig. 1. Macroscopic views of fungi species on PDA medium.  

Fig. 2. Microscopic views of Penicillium species.  
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Fig. 3. Proteolytic (A), amylolytic (B) and lipolytic (C) activities of P. roqueforti strains.  

Fig. 4. Fermenter used and the data throughput.  
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3.3. Metabolic activity results 

Our metabolic activity results indicated the fermentation of lactose, 
and 94% of the strains produced acid, changing color to pink-pinkish 
with a good acidification activity after 96 h of incubation at 25 ◦C, 
and pH ranged from 5.6 to 6.0. Only one strain altered the color to white 
with a pH of 5.5. Coagulation was observed in 3 strains (18%), indi-
cating sufficient acid production, whereas no gas formation was detec-
ted. Fermentations initiated by natural milk contaminants are generally 
undesirable for industrial purposes (Veljovic et al., 2007). Differenti-
ating P. roqueforti strains based on metabolic reactions was performed by 
the litmus milk reduction test (Khemariya, Singh, Nath, & Gulati, 2013). 
We also examined the metabolic activity using this technique. In addi-
tion, our pH findings were matching with an acid optimum pH 5.6 of the 
commercial culture of P. roqueforti by Danisco (Kalai et al., 2017). 

3.4. Antibacterial activity results 

S. aureus, E. coli, B. subtilis, and S. typhimirium were used as reference 
cultures to test the antibacterial activity of the isolates. Our results 
revealed that nine isolates were inhibitory on S. aureus and E. coli, three 
on B. subtilis, and one on S. typhimirium. Of them, one isolate performed 
the highest performance with ZDs of 51.3 mm for S. aureus, 43.6 mm for 
E. coli, 43.3 mm for B. subtilis, and 55.1 mm for S. typhimirium. It is 
known that the Penicillia species are capable of producing antibacterial 
compounds (Wilkowske & Krienke, 1954). For instance, a study by 
Muhiddin, Yanti, and Asni (2018) reported that the highest zone of in-
hibition in molds was 16.7 mm for E. coli and 17.4 mm for S. aureus. 
Overall, we can say that our isolates showed higher performance in 
antibacterial influence on the indicator microbes. Still, antibacterial 
preserving additives should not be neglected for protection in moldy 
cheese production. 

3.5. Antibiotic susceptibility results 

One of the most common characteristics for the evaluation of starter 
culture potential is the susceptibility to antibiotics. In our study, the 
breakpoints with zone diameters were determined as 17.1 ± 1.2 mm for 
TE, 16.8 ± 1.2 mm for CPD, 16.7 ± 1.0 mm for CTX, 12.1 ± 2.1 mm for 
CAZ, 7.4 ± 1.1 mm for CN, 7.1 ± 0.8 mm for K, 5.9 ± 0.8 mm for VA, and 
2.1 ± 1.1 mm for C, respectively. Accordingly, the mean ZD measure-
ments revealed that the selected P. roqueforti isolates had moderate 
susceptibility to TE, CPD, and CTX and were resistant to CAZ, CN, K, VA 
C, not susceptible to S, E, DA, and AM. In the dairy industry, chemical 
preservatives such as weak organic acids and natamycin prevent 
spoilage. For instance, the inhibitory effect of sorbic acid on P. roqueforti 
was found as 0.05% (w/w) at 0.90 aw (Garnier, Valence, & Monuier, 
2017), and moldy isolates were resistant to clindamycin only (Čanžek 
Majhenič, Rogelj, & Perko, 2005). Our results revealed that some 
examined moldy cheese samples would potentially become a reservoir 
for antibiotic susceptible strains. 

3.6. Antagonistic activity results 

In our study, the antagonistic activity of the isolates was tested for 
some LAB species, including L. lactis, L. plantarum, and a combination of 
L. bulgaricus and S. thermophilus. Accordingly, the mean inhibition zone 
diameters were found as 8.9 ± 5.2 mm for L. lactis, 7.6 ± 3.2 mm for a 
combination of L. bulgaricus and S. thermophilus, and 6.8 ± 1.7 mm for 
L. plantarum. L. plantarum is an antifungal microorganism (Leyva Salas 
et al., 2017), when used as adjuncts during cheese production (Coda 
et al., 2008). It can inhibit P. roqueforti (Ruiz Rodríguez et al., 2016). 
Similarly, antifungal activities of L. lactis and L. plantarum strains on 
P. roqueforti were determined to be 81.3% and 91.5% (Valerio et al., 
2009). Contrary to these previous findings, P. roqueforti can also be a 
spoiler in other products such as grated or fresh cheese due to its 

tolerance to high acid levels (Valerio et al., 2009). Overall, our antag-
onistic results indicated that LAB cultures could inhibit wild P. roqueforti 
strains with a growth suppression (>5 mm). 

3.7. Viability results under different growth conditions 

In our study, P. roqueforti strains were tested in a batch fermenter 
using four different mediums (designated as A, B, C, and D). The opti-
mum fermenter conditions were set to 120×g, pH 6.0, and 25 ◦C for 
72–96 h, with 10% dissolved oxygen. Afterward, an aliquot of the 
fermenter output was spread on DRBC agar, incubated at 25 ◦C for five 
days, and finally, the viability was recorded. Accordingly, the mean 
viable count of the strains was determined to be 7.4 ± 1.2 g/CFU for 
Media A, 6.6 ± 0.9 g/CFU for Media D, 5.6 ± 1.1 g/CFU for Media B, and 
5.4 ± 1.0 g/CFU for Media C. Compositionally, and medium A was 
comprised of sucrose, peptone, KH2PO4, MgSO4⋅7H2O, KCI, whey, and 
milk powder. Thus, a milk-based medium was one of the first industrial 
flavor bioprocesses for the production of blue cheese, as Copetti (2019a) 
said. Similarly, Ismaiel, Ahmed, and El-Sayed (2014) suggested the 
appropriate fermentation conditions as 25 ◦C for ten days, pH 6.0, 
120×g in a medium of sucrose, peptone, KH2PO4, MgSO4⋅7H2O and KCl. 
Overall, P. roqueforti strains showed high performance in milk 
whey-based medium rich in carbohydrates and protein as nutrient 
sources. Furthermore, the fermentation conditions we set were in 
concordance with other previous works. 

4. Conclusions 

This study evaluated the starter culture potential of wild P. Roqueforti 
strains from moldy cheese samples of artisanal origin. We concluded 
that wild-type P. roqueforti can be used as a starter culture to manu-
facture the cheese Roqueforti. Therefore, evaluation of technological 
characteristics of fungal species from diverse natural origins can provide 
more insights into moldy cheese production. 
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