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 In this study, molecular markers were used to determine fungal flora in black olive fruits 
from field surveys to the table, following the fermentation process. Field samples were 
collected from different locations of Canakkale province, including Gokceada (Imbros), 
where organic farming is employed. Some of the fruits from field samples were used for 
black table olive production and then fungal flora was tracked during the fermentation 
process. Fungal isolation was also conducted on some commercial samples. Fifty seven 
isolates from field samples, 56 isolates from the fermentation process and 17 isolates 
from commercial products were obtained. Among these isolates, 41 Alternaria, 43 

Penicillium, 19 Aspergillus, 8 Monascus and 19 other genera were determined using 
amplified sizes of the Beta-tubulin gene region. Species level identification was carried 
out based on sequences of Beta-tubulin amplicons, which provided accurate 
identification, especially where the genera were morphologically highly similar. The 
occurrence and prevalence of fungal species changed in fungal collections from the field 
to the fermentation process. While Alternaria alternata was common in field samples, 
they were absent during fermentation. Many of these identified species, such as 
Penicillium expansum, Aspergillus niger and Monascus pilosus, which are known as 

potential toxin producers such as aflatoxin, ochratoxin A and citrinin, were found both in 
natural  and fermented samples, even at the end of the fermentation process. These results 
showed that some fungal species which survive on olives from the field to the table are 
potential toxin producers and can be successfully characterized by amplification and 
sequencing of Beta-tubulin gene. 

 

Keywords: 

Olive 

Fungus 

Molecular identification 

Beta-tubulin 

Fermentation process 

 

 

DOI: https://doi.org/10.24925/turjaf.v5i8.944-949.1255 

 

Introduction 

Olive is the common name for the greenish fruits of 

the Oleaceae family. Olive is an important part of the 

Mediterranean diet, and defined as a functional food 

because of their antimicrobial, antimutagenic, 

anticarcinogenic and antioxidant properties (Sahin et al., 

2010; Marsilio, 2001). They also differ from other fruits 

due to their high oil content and bitter taste which is 
mainly caused by oleuropein, a phenolic compound. 

Anthocyanins, flavanols, phenolic acid and phenolic 

alcohols are important phenolic compounds in olives 

(Baskou, 2015). These phenolic compounds play an 

important role in general antioxidant activity.  

Olive is one of the most important agricultural 

products in Turkey with 1.73 million tons of olive 

production, and where 430,000 tons of these olives are 

used in the production of table olive (TUIK, 2016). 

Canakkale provides about 4.2% of total olive production 

in Turkey (TUIK, 2013). Table olive processing is carried 
out by small family companies in Canakkale (Ozkaya et 

al., 2010).  

In Turkey, the most common process for black table 

olive is spontaneous fermentation. In this method, olive 

fruits are harvested when they have a black outer shell 

and a violet interior, then they are fermented in brine with 

a concentration of 6 to 10% salt (Aran, 2012). Fungal 

flora that form as a biofilm on the olive brine pool (called 

‘Kefeke’ in Turkey), can occur in olives that are packaged 
or being prepared for packing. While Penicillium is the 

most common species, Aspergillus, Cladosporium, 

Ulocladium, Rhizopus, Alternaria and Paecilomyces are 

the other fungal species found in olives (Sahin and 

Korukoglu, 2000). The fungal flora may come from the 

field before the fermentation process, alive and reproduce 

during fermentation or appear due contamination during 

the process, and some of the fungal species may produce 

mycotoxins, which are harmful for human consumption.  

Molecular techniques provide faster and more 

accurate diagnosis of fungal species than traditional 
approaches. For example, yeast in table olives have been 

identified by molecular methods (Arroyo-López et al., 
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2006). Molecular methods are used for the identification 

and diversity of fungal flora in many foods such as coffee 

beans, maize grains, grapes (Magnani et al., 2005; Lumi 

et al., 2015; Wang et al., 2015). The ribosomal DNA 

region, and some protein-coding regions such as 

calmodulin, β-tubulin and elongation factors are 

commonly used in fungal systematics (Carbone and 

Kohn, 1999; Russell and Peterson, 2006; Gonvances et 

al., 2012). Primer pair developed for β-tubulin region 
could widely be used to detect different fungal species 

(Glass and Donaldon, 1995). In this study, fungal flora 

was characterized in black table olives from the field to 

the table using a molecular approach to observe diversity 

and changes in fungal species. 

 

Materials and Methods 
 

Plant Material 

Olive fruits were collected from different locations of 

Canakkale province, including Gokceada, Ezine, Intepe, 

the city center of Canakkale and Assos in November of 
2015 (Table 1). Healthy, physically injured excluding 

insect infested ones, diseased and moldy fruits were 

collected from both trees and ground. Sampling were 

done from 27 trees of olive cultivars Edremit and 

Ladolyes, and 7 wild olive trees (Table 1). Wild trees 

were not exposed to any cultivation practices except being 

used as rootstock. Fruit samples were categorized 

according to their collection source (state of health, from 

a tree or ground, from wild or cultivated trees, olive 

cultivars) to associate fungal isolates. 

 
Black Table Olive Production  

Fully mature black olives from Edremit cultivar were 

harvested from trees planted in the Ezine county of 

Canakkale and used for natural black table olive 

production. Lab-scale production (n=4) was carried out in 

plastic containers (10 L), filled with 7 kg of olive fruits 

and 3 L of brine (10% NaCl w/w). The containers were 

incubated for natural fermentation at room temperature. 

The brine was not replaced with a fresh solution during 

the fermentation process. Sampling was carried out during 

the fermentation process: on the first day to see what 

initially occurs, on the day 120, which is when the biofilm 

begins to form and on the day 240, which is the end of the 

process. In addition, fermented fruit samples were 

obtained from five olive-producing commercial 

companies that produce table olive in Ezine/Canakkale. 

 

Fungal Isolations and DNA Extraction 

Surface sterilization of the fruit samples were carried 
out with 2.5% (w/w) sodium hypochlorite (NaOCl) for 3 

min, and then rinsed three times with sterile distilled 

water and left to dry. After surface sterilization, healthy 

fruits were directly placed on Potato Dextrose Agar 

(PDA) (Merck, Germany). Fruits with disease, wounds or 

having naturally fungal hyphae before sterilization, were 

cut into small pieces and those parts were transferred to 

PDA Petri dishes and incubated under 12 h light and 12 h 

dark at room temperature for three to five days. 

Additionally, fungal isolations were performed from 

biofilm of fermented olive bottles. Sampling from biofilm 

was done at the end of the fourth and eighth months. 
Besides, biofilm sampling was taken from commercial 

olive-producing companies at the end of fermentation. 

Samples taken from the biofilm were transferred to a 

PDA medium and incubated at the same conditions stated 

above. All growing fungal samples from both fruit and 

biofilm sources were transferred to new PDA media, and 

single-spore isolations were done from pure cultures. 

Fungal cultures obtained from single spores were used in 

all analyses. Cultures from single-spore colonies were 

kept in sterile whatman no 1 paper at −20°C for long-term 

storage Based on colony and spore morphologies, each 
isolate was evaluated morphologically, but molecular data 

was used for identification. 

DNA was isolated from each fungal isolate obtained. 

Mycelia were grown in a Potato Dextrose broth (Merck, 

Germany) medium for five days in an orbital shaker at 

150 rpm at room temperature. Mycelia were harvested 

and lyophilized to use in DNA isolation. Total genomic 

DNA extractions were carried out using an i-genomic 

Plant DNA Extraction Kit (Intron Biotechnology, Korea) 

according to the manufacturer’s instructions. 

 
 

Table 1 Plant materials obtained from Canakkale in 2014. 

Region 
Coordinates Altitude 

(m) 

Olive trees sampled Number of 

fruits 

collected 

Number of 

fungal isolates 

obtained 
Cultivar 

type 

Number of 

trees sampled Latitude Longitude 

Gokceada 40°07' 25°44' 36 

Edremit 4 

20 15 Ladolyes 9 

Wild 2 

Ezine 39°46' 26°11' 12 
Wild 2 

28 23 
Edremit 10 

Assos 39°29' 26°19' 3-118 
Wild 2 

16 12 
Edremit 4 

Canakkale 

(around city 

center area) 

40°07' 25°44' 86 Wild 1 6 7 
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Fungal Molecular Identification 

The partial region of Beta-tubulin (β-tubulin) coding 

gene was used for molecular identifications. β-tubulin was 

amplified with primer pairs Bt2a and Bt2b (Glass and 

Donaldson, 1995), respectively. A 25 µL volume of PCR 

containing 1x PCR buffer (Invitrogen), 3 mM of MgCl2 

(Applied Biological Materials Inc., Canada), 2 mM of 

each dNTP, 0.4 µM of each primer, 1 U of Taq 

polymerase (Promega, Madison, WI) and 10 to15 ng of 
DNA. The PCR conditions for the β-tubulin region were 

95°C for 5 min, 45 cycles at 95°C for 20 s, 55 to 59°C for 

30 s, and 72°C for 30 s, followed by a final step at 72°C 

for 5 min All PCR reactions were carried out in  a thermal 

cycler Bio-Rad T100 (Bio-Rad, USA). 

PCR products were visualized on 1.5% agarose gels 

dyed with 5 µL/100 mL of nucleic acid dye (SafeView, 

Applied Biological Materials Inc., Canada) and under UV 

light of a gel documentation system – Vilber Lourmat 

Quantum ST4 1100 (Vilber Lourmat, France). Some of 

the PCR products were sequenced in an ABI 3500xL 

Genetic Analyser (Applied Biosystems, MedSanTek, 
Istanbul, Turkey). Bioedit v7.0.53 for Windows software 

(Hall, 1999) was utilized to check and edit DNA 

sequences and, then, sequences were aligned using 

clustalW implemented in BioEdit software. Each 

sequence data was searched for similarities using 

BLASTn from the Basic Local Alignment Search Tool 

(http://blast.ncbi.nlm.nih.gov /Blast.cgi) (Altschul et al., 

1990). 

 

Results and Discussion 

 
Molecular Identifications 

A total of 130 fungal isolates were obtained in this 

study: 57 from field samples, 22 from the first day of 

table olive production, 17 isolates from the biofilm 

formation stage (day 120) during fermentation and 17 

isolates from the final fermented product (day 240) before 

packaging (Table 2). Seventeen fungal isolates were 

obtained from the commercial product sampling at the 

end of fermentation (Table 2). β-tubulin amplification was 

successful in distinguishing different fungal genus even 

with size amplification on agarose gel: 400 bp for 
Alternaria, 500 bp for Penicillium and 600 bp for 

Aspergillus (Figure 1). So, this region is suggested for 

rapid identification at genus level. Monascus produced 

600 bp product for Beta-tubulin, which is the same size 

produced from the Aspergillus genus. But, these two 

genus are easy to distinguish morphologically. Moreover, 

sequences of the β-tubulin region were resolved for 

species-level identification (Table 3). Sequencing was 

performed for 77 isolates within a total collection of 130 

isolates. The sequences were compared with sequences 

recorded in the National Center for Biotechnology 

Information (NCBI) gene bank and the most closely 
related sequences were presented in Table 3. Among the 

species detected, P. expansum, A. niger, A. tubingensis 

and M. pilosus are known to be potential mycotoxin 

producers such as aflatoxin, ochratoxin A and citrinin. 

Thus, rapid and accurate identification of these fungi is 

important so that control strategies could be applied 

against to the fungal contaminations.  

The fungal flora and frequency of the species differed 

between the field collection and the fermentation process 

(Table 2). β-tubulin sequence data was not able to resolve 

species-level identification for Alternaria. 

Morphologically, it belongs to small-spored Alternaria 

section and it is known that species-level identification for 

this group is highly challenging. We identified it as A. 
alternata, based on morphology and 

Endopolygalacturanase data from another study (Ozkilinc 

H., unpublished data).  

 

Fungal Flora from Field Survey  

Forty-two isolates from cultured olive trees, and 15 

isolates from wild olive trees were obtained (Table 2). 

Among these isolates, forty-seven were isolated from 

olive fruits and ten from olive leaves. Fifteen Alternaria, 

four Penicillium and two Aspergillus fungi were isolated 

from damaged parts of the olive fruits. Alternaria causes 

pathogenic symptoms (Ozkilinc H.., unpublished data) 
and the pathogenicity of Alternaria in olives was shown 

in other studies (Piccolo et al., 2014). Penicillium and 

Aspergillus are not known as olive pathogens, but these 

fungi may colonize easily, especially in damaged tissues. 

By contrast, only four isolates of Penicillium and two 

isolates of Aspergillus were isolated from healthy olives, 

which indicates that some fungi may present without any 

sign. Even though Penicillium and Aspergillus do not 

cause disease on the fruit, they may potentially be 

dangerous due to being toxin-producers. In addition to 

these major fungal groups, some other species such as 
Fusarium, Cladosporium, Epicooccum, Phoma and 

Clonostachys were detected at a low frequency. Similar 

diversity of fungal species in olives in a natural 

environment has been reported in previous studies. 

Chliyeh et al. (2014) studied all the fungal species 

associated with olive trees in Morocco and reported that 

A. alternata was identified in ranges from 13 to 84.5% for 

all studied regions. In another study, fungi were isolated 

from sub-cortical brown streaking and from the cankers of 

wilted olive plants (Carlucci et al., 2013). The total 

isolation frequency of A. alternata, Aspergillus spp. and 
Penicillium spp. was reported as 3.3, 8.9 and 5.4%, 

respectively (Carlucci et al., 2013). For example, 42% of 

the total isolates from olive trees were Alternaria, 

Penicillium and Fusarium were identified from olive trees 

in Portugal and the 42% of the total isolates was reported 

as Alternaria(Oliveira et al., 2012). Baffi et al. (2012) 

reported that Aspergillus and Penicillium species were 

major fungal genera in olive ecosystems such as olive 

fruits, olive pomace and olive paste. Al-Ameri et al., 

(2015) has isolated A. niger (13% sample frequency) from 

olive fruit rot. Roussos et al. (2006) reported that 

Aspergillus and Penicillium were the dominant mold flora 
in olive oil production efforts in Morocco and that A. 

niger was the most widely distributed. Thus, the dominant 

species in this study are consistent with those isolated in 

previous studies.  
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Table 2 Fungal species frequency from field to during table olive fermentation. 

Source 
ALT PEN ASP MN 

O* T 
SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 SP10 SP11 

Field Sampling Olive Fruits 35 3 1 1 1 1 - 1 3 - - 10 57 

Fermentation 

process 

Olive  
Fruits 

LSP 5 6 4 - - - - 1 3 - 3 1 
26 

C - 1 - - - - - - - 1 1 - 

Brine 
LSP 1 7 2 2 - - 2 1 2 - 1 - 

24 
C -  - 1 - - - - - 3 - 3 

Biofilm 
(Kefeke) 

LSP - 6 3 - - - - 3 - - 2 2 
23 

C - 1 1 - - - - - - 1 1 3 

Total 41 43 19 8 19 130 

ALT: Alternaria, PEN: Penicillium, ASP: Aspergillus, MN: Monascus, O: Others, T: Total, LSP: Lab-scale production, C: Commercial, SP1: A. 

alternata, SP2: Penicillium spp., SP3: P. crustosum, SP4: P. roquefortii, SP5: P. brevicompactu, SP6: P. glabrum, SP7: P. expansum, SP8: 

Aspergillus spp., SP9: A. niger, SP10: A. tubingensis, SP11: M. pilosus, *Fusarium, Clodosporium Epicooccum, Phoma, Clonostachy. 

 

Table 3 Fungal species identified based on partial sequence data of Beta-tubulin region. 

a
Sequence similarity with one of the most related sequences from NCBI. 

b
Genebank accession numbers with one of the most related sequences from 

NCBI-GeneBank, SL: Sequence length (bp) 

 
Fungal Flora from the Table Olive Fermentation Process 
Twenty-three isolates from olive fruits, seventeen 

isolates from brine and sixteen isolates from biofilm were 
obtained during the fermentation process (Table 2). While 
Alternaria was the most common fungus in field samples, 
it was not detected in fermented products. As an 
independent test, Alternaria, Penicillium and Aspergillus 
species (two isolates per genus) were inoculated into 100 
mL of sterilized brine While Penicillium and Aspergillus 
grew successfully, Alternaria did not grow. High salt 
concentration or antioxidants, especially oleuropein, may 
inhibit Alternaria growth. But, these conditions do not 
seem to restrict reproduction of Aspergillus and 
Penicillium. A previous study showed that KCl and NaCl 
together with cassia oil have an antifungal effect on A. 
alternata isolates (Feng and Zheng, 2006). Moreover, 
antifungal effect of phenolic compounds in olive is also 
known (Pereira et al., 2007). It is thought that the 
antifungal properties of phenolic components are much 
more effective on Alternaria than the other fungi in this 
study. Thus Alternaria is mainly a problem as a disease 
agent for olives in a natural environment, but Aspergillus 
and Penicillium can be present from field to table. Hence, 
if toxin production occurs, it should be determined at 
which stage or under what conditions toxin production is 
favored.  

The dominant mold flora during fermentation was 
Penicillium (49%) and Aspergillus (20%). P. crustosum 
(14%) was the most common Penicillium species. Other 
species were P. roqueforti (4%) and P. expansum (2%), 
respectively. P. brevicompactum and P. galabrum were, 
however, not isolated during fermentation. Two species of 
Aspergillus (A.niger and A.tubingensis) was found at the 
same frequency (7%). Similarly, Sahin and Korukoglu 

(2000) reported that Penicillium is the dominant species 
in the brine of pickled food. In addition, P. roqueforti, P. 
brevicompactum and P. citrinum were isolated from 
naturally fermented black olives in previous studies from 
Turkey (Heperkan et al., 2006; Heperkan et al., 2013). P. 
expansum and A. niger species detected in the study have 
potential to produce mycotoxins such as ochratoxin A and 
citrinin. If these species produce toxins, it will result in a 
toxin contaminated final product. Adlouni et al. (2006) 
stated that aflatoxin, ochratoxin A and citrinin was found 
in some of the black table olive samples from retailer and 
supermarket. Ghitakou et al., (2006) reported aflatoxin B1 
and ochratoxin A production by natural microflora and A. 
parasiticus in black and green olives of Greek origin. Our 
research will continue to determine whether this threat 
exists.  

Commercial sampling was taken from five olive 
companies in the Canakkale area. The major mold flora 
was Penicillium, Aspergillus and Monascus. Additionally, 
P. crustosum, A. tubingensis and M. pilosus were the most 
common species. M. pilosus was 10% of all isolates. 
Many isolated M. pilosus was from olive fruits and 
biofilm. Fermented products from laboratory experiments 
and commercial sampling presented similar fungal flora, 
but in different numbers: the number of Monascus isolates 
were higher in commercial products compared to the 
samples taken from laboratory scale production. Some of 
the Monascus species such as M. purpureus and some M. 
pilosus are known as Mon K toxin producers (Su et al., 
2003; Hong et al., 2011). P. crustosum was reported as a 
major fungal species in commercial olive samples in 
Turkey and P. expansum and P.roqueforti were also 
reported from commercial olive products in previous 
similar studies (Tokusoglu et al., 2010).  

Isolates Source SL Identitya The best match referenceb 

A. alternata Field sampling-olive fruit 280 99% KU512287.1- Alternaria alternata 
P. crustosum  Day 1 of olive fermentation-olive fruit 392 100% FJ004401.1- Penicillium crustosum  
P. glabrum Field sampling-olive fruit 353 99% EU128585.1-Penicillium glabrum  
P. roquefortii Day 1 of olive fermentation -brine 445 99% AY674382.1- Penicillium roquefortii 
P. expansum Day 1 of olive fermentation -brine 362 99% LN896431.1- Penicillium expansum 
P. brevicompactum Field sampling-olive fruit 264 99% AY674436.1-Penicillium brevicompactum 

A. niger Field sampling-olive fruit 535 100% KC175288.1- Aspergillus niger  
A. tubingensis Commercial sampling 447 99% HQ632767.1- Aspergillus tubingensis  
M. pilosus Day 240 of olive fermentation/biofilm 484 99% AB607170.1- Monascus pilosus 
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Fig. 1 Identification of Alternaria, Penicillium, 

Aspergillus and Monascus fungal genus by using 

amplification sizes of PCR with β-tubulin primers. The 
first line is DNA ladder (1 kb DNA ladder, Geneaid) and 

following lines for Alternaria (~400 bp), Penicilium 

(~500 bp), Aspergillus (~500 bp), Monascus (~600 bp), 

respectively. 

 

Conclusion  

 

Variety in fungal species on olives from field to table 

were shown in this study, and a fungal diagnosis was 

performed based on amplification and sequences of 

partial region of β-tubulin coding gene. The study showed 

that the amplification size of partial β-tubulin gene is very 
useful to discriminate between major fungal groups 

related to olive products at both a genus level and, with 

further sequencing information of β-tubulin, at a species 

level – except for Alternaria. While Alternaria poses a 

danger as a pathogen for fruit on trees, many species from 

Aspergillus and Penicillum are present in the product 

from field to table.Many of these species are known as 

mycotoxigenic species. Therefore, it is crucial to 

determine the conditions for toxin production by these 

species during this whole process. 
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