
ABSTRACT
The high nutritional value of fish makes it highly perishable because it provides favorable medium for the growth of 
micro-organisms after catching. In addition, they can also act as carriers of several microbial and other health hazards. 
Many mould growth on foods stored at low temperature is common and recurring problem. Certain molds are known 
to be capable of producing mycotoxins at low temperature as low as (-2 to 10°) C. That encouraging us to perform this 
study which aimed to survey, isolation and perform different further genetic identification of fungal spoilage species 
of some marine fish from Saudi Arabia markets. 100 samples from 5 types of fishes; Salmon “Salmoniformes”, Red sea 
Bream “Pagrus pagrus”, Rabbitfish “Siganus rivulatus”, Spanish mackerel “Scomberomorous commerson”, Red mullet 
“Mullus surmuletus”, collected from Jeddah fish markets, then prepared aseptically and plated on Potato Dextrose Agar 
(PDA) medium incubated for 3-7 days/ 28±20C and examined daily Macroscopically, microscopically and genetically. 
The results recorded 4 species of fungi; Aspergillus eucalypticola as one of (Black Aspergilli), Aspergillus oryzae as  
(white Aspergilli), Penicillium digitatum as (green fungi) and Byssochlamys spectabilis. This is the first report of Penicillium 
digitatum and Byssochlamys spectabilis in fish. Furthermore, the research identified each fungi gene cluster. More 
attention in fish rearing facilities, caution should be taken by consumers in preparation and applying perfect cooking in 
consuming fish and more education and efforts should be developed by fish farmers to avoid fishponds contamination. 
We recommended to further research should be done on fungal contaminations.

KEY WORDS: ASPeRgIlluS euCAlyPTIColA, ASPeRgIlluS oRyzAe, PenICIllIuM DIgITATuM, BySSoChlAMyS 
SPeCTABIlIS, geneTIC DIveRSITy, nCBI BlAST.

INTRODUCTION

Recently, the awareness about the nutritional and health 
benefits of fish consumption were developed due to its 
richness in; good quality protein with essential amino 
acids such as; lysine, with vitamin A, e, ß- complex  
(B12, B6) and calcium, phosphorus fluorine, iodine 
which are needed development of strong teeth and the 
prevention of goiter in man, ω-3 and ω-6 fatty acids 
that known to support good health while, containing 

low saturated polyunsaturated fatty acids which are 
known to reduce the risks of coronary heart diseases. 
All that increased the dietary and health significance of 
seafood consumption (Adeyeye, et. al., 2015 and FAo, 
2016,  neo 2019).

The coastal countries become capture about 50% of 
the world harvest and a large proportion of the catch 
are consumed internally, more than 30% of fish for 
human consumption comes from aquaculture. In many 
Asian countries over 50% of the protein intakes comes 
from fish while in Africa the proportion is 17.50% 
(Wogu & Maduakor, 2010, neo 2019). The high nutritional 
value of fish makes it highly perishable because it provides 
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favorable medium for the growth of micro-organisms 
after catching. In addition, they can also act as carriers 
of several microbial and other health hazards. The 
greatest risk to human health is due to the consumption 
of raw or insufficiently processed fish and fish products. 
Contamination is a very important aspect as this is the 
mode that most unwanted microorganisms may be 
transmitted onto seafood and other food products and 
may occur at various stages of handling and processing 
(Al-ghabshi et al., 2012).

completely cooled, may accelerate mould growth and 
spoilage (Srinivasan & Saranraj, 2017). Aspergillus 
eucalypticola is one of (Black Aspergilli) which consider 
one of the food spoilage fungi in addition to their 
mycotoxin production in different food items (gil-
Serna, et. al., 2019). While, Aspergillus oryzae related 
to the Flavi species of Aspergillus (white Aspergilli) 
which produce very toxic compounds known as 
(aflatoxins) and highly spread among food elements. 
Furthermore, those microbes highly infected to 
immunocompromised consumers, causing “aspergillosis”  
(Kjærbølling, et. al., 2020).

Figure 1: Macroscopic and Microscopic features of 
fungal genera isolated from tested fish spp. samples as 
following:
1) Pictures from (1a & 1b) group declared the macroscopic 
and microscopic view of Aspergillus eucalypticola 
cultureplates on PDA respectively. 
2) Pictures from (2a & 2b) group viewed the macroscopic 
and microscopic view of Aspergillus oryzae cultureplates 
on PDA respectively. 
3) Pictures group 3 (3a & 3b); showed the macroscopic and 
microscopic view of Penicillium digita tumplates on PDA 
respectively. 
4) Pictures group 4 (4a & 4b); revealed the macroscopic and 
microscopic view of Byssochlamys spectabilis that cultured 
on PDA respectively

Fish is more likely to be spoiled by fungi than by bacteria. 
The occurrence of fungi and fungus-like organisms in 
water reservoirs is of great importance for sanitary and 
epidemiological reasons. Many mould growth on foods 
stored at low temperature is common and recurring 
problem. Certain molds are known to be capable of 
producing mycotoxins at low temperature as low as  
(-2 to 10° C). Fungi and fungus-like organisms regarded 
as important etiological factors of mycotic infections are 
identified in fresh and saltwater. The most commonly 
encountered fungi in various ecosystems include such 
pathogenic species as Aspergillus sp, Penicillium sp. 
In the case of Penicillium species that can grow under 
refrigeration, spoilage of these products may happen 
more frequently during the colder months. Fluctuation 
of temperature in the packaging areas must be avoided 
since it can result in condensation.

The condensation on surfaces (walls, ceilings, overhead 
piping, etc.) can be conductive for mould growth. 
Furthermore, moisture condensation inside the package, 
due to packaging of the products prior to being 

Isolate Description Query Identity 
  Coverage% %

WA1 Aspergillus oryzae 98 97
WA2 Aspergillus eucalypticola 97 97
WA3 Aspergillus oryzae 84 97
WA4 Aspergillus eucalypticola 97 97
WA5 no match was found  
WA6 Penicillium digitatum 98 89
WA7 Aspergillus eucalypticola 89 97
WA8 Aspergillus oryzae 81 98
WA9 Penicillium digitatum 89 96
WA10 Byssochlamys spectabilis 84 98
WA11 Penicillium digitatum 93 97
WA12 Aspergillus oryzae 88 98

Table 1. Results of ncbi BLAST query for the 11 fungi 
sequences isolated from Examined Fish Samples

on the other hand, Penicillium digitatum is one 
mesophilic fungus from the most common blue and green 
“Penicillium” molds although this mold more common 
on fruits, this is one of the rarely report of this fungi in 
fish samples. Penicillium digitatum can causing mycosis 
or allergies for consumers and causing decaying of fish 
meat (Palou, 2014). Byssochlamys spectabilis able to spoil 
food and producing heat resistant ascospores and widely 
spread within food causing spoilage (houbraken et al., 
2008). Fungal spoilage of fish imposes significant annual 
global revenue for the food and beverage industries. 
Mould spoilage can also be a food safety issue due to the 
production of mycotoxins or allergens by these moulds. 
To avoid or reduce mould spoilage, several hurdles can 
be used: (1) reducing the water activity of the food, (2) 
thermal processing, (3) addition of preservatives, (4) 
reduction of oxygen in; the packaging using vacuum, 
oxygen scavengers or modified atmosphere packaging 
(MAP), and (5) refrigerated storage. however, the addition 
of each of these hurdles will be selecting for a different 
group of spoilage fungi (Rico-Munoz, et al., 2019).

There were a surveillance shortage in fish spoilage 
fungus species in marine fish generally and marketed 
fish species in Saudi Arabia especially, In addition to 
nearly complete absence of studies on the genome 
sequences for this fungus specially in fish, which have 
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Examination of Samples: Collected samples were 
prepared aseptically according to the technique 
recommended by (uSDA, 2012). 25 grams of the sample 
were transferred into a sterile plastic bag of the stomacher  
(Seward laboratory services, 400R Auckland) then 225 
ml. of sterile 0.1% peptone water were added. The 2 
minutes stomached sample was adequately dispersed to 
provide the homogenate; which represent the dilution of 
1:10 (10-1) and plated in triplicate over plates containing 
on different culture media Potato Dextrose Agar (PDA) 
medium incubated for 3-7 days/ 28±2 0C and examined 
daily. Macroscopic identification made by observing the 
colony colour and texture then prepared slides with lacto 
phenol cotton blue to detect fungal structures covered 
with a cover slip, identified microscopically according 
to the morphology of colony and spores.

Figure 2: Distribution of 11 fungyisolates

Isolate Length GC%

Aspergillus eucalypticola 1352 47
Aspergillus eucalypticola 1502 48
Aspergillus eucalypticola 1426 48
Aspergillus oryzae 1262 48
Aspergillus oryzae 1448 47
Aspergillus oryzae 1467 48
Aspergillus oryzae 1439 48
Penicillium digitatum 1361 47
Penicillium digitatum 1471 48
Penicillium digitatum 1411 48
Byssochlamys spectabilis 1306 47

Table 2. Sequence length & GC content of 11 sequences

great importance on the fish quality and consumers’ 
health. All that encouraging us to perform this study 
which aimed to survey, isolation and perform different 
further identification of fungal spoilage species of some 
marine fish from Saudi Arabia markets.

Figure 3: Boxplot of Sequence of 11 isolates

Species                       Cluster

A.eucalypticola 1 0
A.eucalypticola (2) 1 0
A.eucalypticola (3) 1 0
A.oryzae 1 0
A.oryzae (2) 1 0
A.oryzae (3) 1 0
A.oryzae (4) 1 0
B.spectabilis 0 1
P.digitatum 1 0
P.digitatum(2) 1 0
P.digitatum(3) 1 0

Table 3. Distribution of 11 fungi isolates in 2 clusters

Serological examination: All the 11 sequences were 
subjected to ncbi BlAST search tool http:// blast.ncbi.
nlm.nih.gov to detect non-chance sequence similarity. 
BlAST search was restricted to Reference genomic 
sequence and fungi database, where models (XM/XP) 
as well as unclultured/environmental samples were also 
filtered out, such that more reliable results would be 
attained. each individual sequence was solely blastd, 
where blast hit with the lowest expect- value (which 

MATERIAL AND METHODS

Study area, collection of samples: A total of one 100 
samples from 5 types of fishes; Salmon “Salmoniformes”, 
Red sea Bream “Pagrus pagrus”, Rabbitfish “Siganus 
rivulatus”, Spanish mackerel “Scomberomorous 
commerson”, Red mullet “Mullus surmuletus”, 20 fish 
from each fish type.  samples of different types of marine 
fish samples collected from Jeddah fish markets, about 
150g/fish packaged in polyvinyl chloride films and 
transferred on ice box container as soon as possible to 
Faculty of science, university of Jeddah, on one of the 
postgraduate microbiology laboratories.
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indicate number of non-chance alignments) was picked. 
In order to ensure that Blast out puts were governed by 
expected-value (aka e-value), Blast algorithm parameter 
was decreased such the expected threshold was set to 
more stringent value of 1e−6.

fish samples Figure (1) shows the macroscopic and 
microscopic features of fungal genera isolated from tested 
fish spp. samples as following: (1a & 1b) pictures declared 
the macroscopic and microscopic view of Aspergillus 
eucalypticola culture plates on PDA respectively which 
belongs to black Aspergilli with their morphological 
feature as black colonies which roughen with maturity 
and black dark conidial heads with dark spores as almost 
members of nigri family. While, Pictures group (2a & 2b) 
viewed Aspergillus oryzae on PDA as; pale grey to black 
colonies with coarsely wall of conidial heads and short 
column. Penicillium digitatum declared in (3a & 3b) as; 
woolly growth, velvety texture colonies. The white color 
firstly turns to yellowish green with white center or olive 
gray, microscopically appeared as; branched hyaline, 
with cup shape phialides and brush-like clusters which 
known as “penicilli”. Meanwhile morphological feature 
of Byssochlamys spectabilis in (4a, 4b) as pale yellow-
brown, smooth-walled irregularly branched cylindrical 
conidia.

NCBI Blast Query : Table (1) shows results of ncbi BlAST 
query for the 36 sequenced   isolates.  The criteria used for 
query sequence aimed to narrow down the search space 
(database), as the smaller the database the more likely to 
contain sequence of interest. For all the 11 queries zero 
e-values were attained indicated that all alignments were 
non-chance alignments. The percentages of query cover- 
age ranged from 81 to 98%, where identity % were also 
high which ranged from 89 to 97%. The distribution of 
isolates/species/distribution is presented graphically in 
Figure (2). For the 11 isolates, the nCBI query resulted in 
4 fungi species namely 4 isolates belonged to Aspergillus 
oryzae, 3 isolates belonged to Aspergillus eucalypticola 
and 3 isolates belonged to Penicillium digitatum 
oryzae and only one isolate belonged to Byssochlamys 
spectabilis.

Exploratory Data Analysis: The base frequencies of 
the 11 all species showed, no noticeable differences in 
the frequency of all 11 isolates, neither in gC content 
Table (2). Sequence length varied greatly among the 11 
isolates. Sequence length ranged from 1262 to 1502bp. 
The sequence length Byssochlamys spectabilis of species 
were also varied, for the range of sequence length 
1306bp. While, Aspergillus eucalypticola ranged from 
1352 to 1502bp, where the range of sequence length 
of Aspergillus oryzae ranged from 1262 to 1467bp. 
Meanwhile, Penicillium digitatum sequence length 
ranged from 1361-1471bp Figure (3) declared the boxplot 
sequence length of the fungi isolates.

Cluster Aphylogenetic Analysisnd: Cluster analysis was 
carried out as pre-processing step to glean an insight 
into the data distribution. Results of cluster analysis 
are shown graphically in Table (3) and figure (4). The 
resulted dendrogram of comprised 2 large clusters are 
shown, the first cluster merely includes only one species 
Byssochlamys spectabilis, where the rest of the 3 species 
were comprised in the second cluster. one of Aspergillus 
oryzae was clustered together with the other Aspergillus 
eucalypticola isolates in the same clade.

Figure 4: Base frequencies of 11 isolates

Table 4. Estimated parameters of DNA polymorphism 11 
fungi isolates

Alignment of the 11 sequence was carried out using 
version 2 of Clustalx (larkin et al., 2007) exploratory 
data and phylogenetic analyses were carried out under 
R Project for Statistical Computing (R Core Team, 2019). 
Where exploratory data analysis was done using Seqinr 
(Charif & lobry, 2007) R package. Phylogenetic analysis 
was carried out by ape package (Paradis et al., 2004). 
Re- construction of the phylogenetic tree was done using 
neighbor joint method (nei, 1987). DnaSP (librado & 
Rozas, 2009) software was used to analyze the haplo- 
type diversity (hd), the average number of nucleotide 
differences, the average number of nucleotide differences, 
the nucleotide diversity (π). The polymorphic site (S), 
the singleton variable sites (SP), and the parsimony 
informative sites (PIP) for each gene, and the average 
number of nucleotide substitutions per site between 
species (Dxy) (Tajima, 1983).

Statistical Analysis: The statistical program, SPSS version 
16 for window, was used for determination of means, 
standard error and analysis of variance (AnovA) using 
the one way (mean at significance level of (P<0.05). 
Statistical significance was tested at the 5% level of 
significance in this study.

RESULTS AND DISCUSSION

Phenotyping of the different fungal species in examined 
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Figure (5) shows the evolutionary history of the 11 
isolates was inferred based on neighbor-Joining (nJ) 
method (Saitou & nei, 1987). The optimal tree with 
the sum of branch length = 0.3 is shown. The tree is 
drawn to scale, with branch lengths in the same units 
as those of the evolutionary distances used to infer 
the phylogenetic tree. The evolutionary distances were 
computed using the Maximum Composite likelihood 
method (Tamura et al., 2004) and are in the units of 
the number of base substitutions per site. This analysis 
involved 11 nucleotide sequences. All ambiguous 
positions were removed for each sequence pair (pairwise 
deletion option). There were a total of 1558 positions in 
the final dataset. evolutionary analysis was conducted 
by ape package (Paradis et al., 2004).

Polymorphism and genetic Diversity among species: 
The 11 sequences were also analyzed to characterize 
the sequence diversity. The results of the analysis are 
presented table (4) the haplotype diversity was 1±0.04 

Figure 5: Neighor-joining phylogenetic tree of 11 fungi 
isolates

No. Sites No. monomorphic No. Polymorphic Parsimony Singletone
 Informative sites sites informative sites variable sites

1564 1081 142 63 79

Table 5. Estimated parameters of the polymorphic sites for 11 fungi isolates. 

Figure 6: cluster analysis of 11 fungi isolates

and nucleotide diversity was only 0.04 where the 
average number of nucleotides diversity was 45.only 
one conserved region was found among the 11 isolates 
in the region between 30 to 1017. Measurements of 
conservation (C)=0.97, homozygosity =0.99 and P-value 
<0.001. Conservation (C) is calculated as the proportion 
of conserved sites in the alignment region, where 
homozygosity is measured as 1- heterozygosity.

general information about the polymorphisms on the 11 
fungi isolates is shown in table (5) the number of sites 
was 1564. The number of polymorphic sites was 142, 
number of parsimony-informative sites (i.e. sites that 
have a minimum of two nucleotides that are present at 
least twice) was 63 and the number of singletons was 
79. The nJ tree declared in figure (6) where comprised 
from two large clusters. The P.digitatum species occupied 

one cluster on its own,  where the rest of the 3 species 
clustered in the second cluster. This second cluster 
involved two large clades; the first clade contains 
A.eucalypticola species along with one of A.oryzae 
species. The rest the A.oryzae species shared another 
clade with B.spectabilis. This inferred nJ tree is very 
similar to the cluster analysis except for that B.spectabilis 
did not has a separate cluster, this difference might be 
due to differences in the used algorithms.

Fungal spoilage of fish imposes significant annual global 
revenue losses due to the production of mycotoxins by 
moulds. The main fungal groups associated with spoilage 
are the xerophilic, heat-resistant, preservative-resistant, 
anaerobic and psychrophilic fungi (Rico-Munoz et al., 
2019). Results recorded the percentages of query cover- 
age ranged from 81 to 98%, where identity % were also 
high which ranged from 89 to 97%. The distribution 
of isolates/species/distribution is presented graphically 
for the 11 isolates, the nCBI query resulted in 4 fungi 
species namely 4 isolates belonged to Aspergillus oryzae, 
3 isolates belonged to Aspergillus eucalypticola and 3 
isolates belonged to Aspergillus oryzae and only one 
isolate belonged to Byssochlamys spectabilis. Different 
results  have been reported by Donnenberg, (2005) who 
assessed  the fish (Trachurus trachurus) and reported 
some spoilage moulds such as  Apergillus flavus (33.3%), 
Penicillium sp. (16.7%) and Neurospora sp. (16.7%).

Aspergillus eucalypticola is one of (Black Aspergilli) 
which consider one of the food spoilage fungi in addition 
to their mycotoxin production in different food items 
(gil-Serna, et. al., 2019). While, Aspergillus oryzae related 
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to the Flavi species of Aspergillus (white Aspergilli) which 
produce very toxic compounds known as (aflatoxins) 
and highly spread among food elements. Furthermore, 
those microbes highly infected to immunocompromised 
consumers, causing “aspergillosis” (Kjærbølling, et. al., 
2020). from the other hand,  Penicillium digitatum is 
one mesophilic fungus from the most common blue 
and green “Penicillium” molds although this mold more 
common on fruits, this is one of the rarely report of this 
fungi in fish samples. Penicillium digitatum can causing 
mycosis or allergies for consumers and causing decaying 
of fish meat (Palou, 2014). Byssochlamys spectabilis able 
to spoil food and producing heat resistant ascospores 
and widely spread within food causing spoilage  
(houbraken. et. al., 2008).

According to nishihara et al., (2008) and Samaha, et. 
al., (2015) fungal contamination of fishes prone in the 
field during; harvest, transport, marking and with the 
consumer. The most common moulds isolated were; 
Aspergillus species consist of Aspergillus flavus, A. 
niger, A. sydowii, A. wentii, and A. penicilloides. Several 
Penicillium spp. were also isolated, Iqbal & Saleemi, 
(2013) isolated four types of fungi from the fish; orange 
(37.83%), black (35.13%), grey (24.32%) and white 
(2.70%) appeared on agar plates.

Three fungal genera; Aspergillus spp. (78.5%), Blastomyces 
sp. (7.5%), Penicillium sp. (3.5%) and unidentified fungal 
hyphae (10.5%) were isolated from the fish. Recently 
Akwuobu, et. al., (2019) have reported  different types 
of fungal agents associated with the contamination of 
fish sold in open markets in Makurdi, Benue State. A 
total of 100 randomly selected fish samples from the 3 
major fish markets in the study area were used for the 
study. Fungi were detected in 74 of the 100 fish samples 
from the 3 markets surveyed with isolation rates ranging 
from 67.6% to 84.8%. A total of 77 fungal isolates were 
recorded from the 74 positive samples the predominant 
isolated fungi were; Aspergillus spp. (28.6%), Penicillium 
spp. (18.2%). The base frequencies of the 11 all species 
showed, no noticeable differences in the frequency of 
all 11 isolates, neither in gC content Table (2). Sequence 
length varied greatly among the 11 isolates. Sequence 
length ranged from 1262 to 1502bp. The sequence 
length Byssochlamys spectabilis of species were also 
varied, for the range of sequence length 1306bp. While, 
Aspergillus eucalypticola ranged from 1352 to 1502bp, 
where the range of sequence length of Aspergillus oryzae 
ranged from 1262 to 1467bp. Meanwhile, Penicillium 
digitatum sequence length ranged from 1361-1471bp 
Figure (3) declared the boxplot sequence length of the 
fungi isolates.

Recntly, different results  have been reported by 
Kjærbølling, et. al., (2020), who sequenced about 19 
genomes for Aspergillus spp. which were isolated from 
spoiled food. however, the genome covered 99.78% and 
concluded that the size of Aspergillus spp. genome was 
an important aspect. They added that the average genome 
of A. oryzae  was about (37.96Mbp). The branching of 
the tree about (100 straps in each branch) was present. 

According to houbraken, et. al., (2008) Byssochlamys 
spectabilis is heat resistance mould, producing heat-
resistant ascospores in raw food and can tolerate cooking 
temperatures and producing mycotoxins. There is a need 
to develop new antimicrobials to ensure food safety and 
extend shelf life. The use of antimicrobial agents directly 
added to foods or through antimicrobial packaging is one 
effective approach. In recent years, the use of inorganic 
antimicrobial agents in nonfood applications has 
attracted interest for the control of microbes (Wilcznski, 
2000 and Tilman et al., 2011).

CONCLUSION

The presented study provides 11 new genomes, which  
have been added to the fungal genetic diversity. We 
identified the isolated fungi phenotypes macroscopically, 
microscopically and genetically. This study also was  
concerned with the isolation and proper identification of 
fungus in fish from Saudi Arabian markets. The results 
recorded  4 species of fungi; Aspergillus eucalypticola 
as one of (Black Aspergilli), Aspergillus oryzae as  
(white Aspergilli), Penicillium digitatum as (green fungi) 
and Byssochlamys spectabilis.

This is the first report of Penicillium digitatum which 
commonly found in citric fruit. The result also has the 
first report of Byssochlamys spectabilis as heterothallic 
mould species which causing food spoilage in fish.
The four sequenced species compared with the already 
sequenced Aspergillus species and determined the genetic 
diversity. The phylogram constructed for whole-genome 
basis, showing the taxonomy tree of each isolated fungus 
genus. Furthermore, the research identified each fungi 
gene cluster. More attention in fish rearing facilities, 
caution should be taken by consumers in preparation 
and applying perfect cooking in consuming fish and 
more education and efforts should be developed by 
fish farmers to avoid fishponds contamination. We 
recommended to further research should be done on 
fungal contaminations.
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