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ABSTRACT 

 
Litopenaeus vannamei, which is the most common shrimp species cultivated in the northeast of Brazil, is very 

susceptible to microbial diseases, and this consequently affects productivity. There are reports of bacteria, 

viruses and protozoa in these shrimp, but not fungi. This study aims to isolate and identify fungi present in 

shrimp Litopenaeus vannamei, and in their nursery waters, at two breeding farms in Brazil.  The pathogenic 

potential of the isolates was assessed through the qualitative detection of proteases and aflatoxin B 

production. The 146 isolated fungi comprised 46 species. Aspergillus, Penicillium and Furarium were the 

three most relevant genera and Aspergillus flavus was the predominant species with a total of 33 isolates. 

Most of the isolated species are known as potentially pathogenic to humans and other animals. Eighteen 

isolates of A. flavus and two of A. parasiticus were able to produce aflatoxin B and 33 out of the 46 species 

produced protease, indicating that these fungi may also become pathogenic to shrimp and their consumers.  
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INTRODUCTION 

 

Shrimp grown in captivity are very susceptible to diseases 

caused by microorganisms, and this dramatically affects 

productivity. Penaideae is a common shrimp family used in 

nurseries, and in northeastern Brazil, Litopenaeus vannamei 

(Boone) is the most cultivated species (8). Studies investigating 

the agents that affect this invertebrate are rare and only a few 

viruses, bacteria and protozoa are known to cause disease in 

these crustacea (32). No articles dealing with the presence of 

fungi in healthy cultivated Litopenaeus vannamei shrimp have 

been found in literature. Among the various enzyme groups 

produced by fungi, proteinases are a class with an important 

role in physiological and biotechnological processes (16). 

Some fungi secrete proteinases primarily to provide nutrients to 

the cells, however in pathogenic fungi these enzymes facilitate 

the adhesion and invasion in host tissue, acquiring a significant 

role in the destruction of cell membranes, which are composed, 

mainly, of proteins and lipids (15). Here, in particular, they 

may also act on shrimp carapace, which consists primarily of 

chitin, proteins and lipids (8).  

Some species of the Aspergillus genus, especially A.
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flavus and A. parasiticus, can produce aflatoxins, mycotoxins 

derived from their secondary metabolism, which can 

contaminate grains, especially corn, peanut and wheat (5, 38). 

There are several types of aflatoxin, but aflatoxin B has the 

highest toxicity (17). 

On most farms the shrimp are fed with artificial diet or 

artificial feed, which is mainly composed of corn grains and 

ground wheat with added proteins, vitamins and salts (27). 

However, in a farm in northeastern Brazil, shrimp are not fed 

with artificial feed but are fed with natural resources such as 

algae and small crustaceans, reproducing the natural habitat of 

these animals (10), and in this case the diet is called organic 

feed.  

This study aims to isolate and identify culturable fungi in 

Litopenaeus vannamei (Boone) shrimp and in the nursery 

waters of two farms in northeast Brazil, one with the artificial 

feeding and the other with an organic feeding system. 

Furthermore, we screened the ability of the isolated fungi for 

proteolytic activity, and in a preliminary test, we detected the 

production of aflatoxin by some isolated strains. 

 

MATERIALS AND METHODS 

 

Collection of shrimp and nursery water samples  

Adult shrimp showing the characteristics of the species 

and without external injuries were collected from nurseries. 

Water samples were collected from both adult and juvenile 

shrimp nurseries. Two breeding farms were chosen for this 

study, one which uses the artificial feeding system (Farm I) and 

other which uses the organic feeding system (Farm II). Both 

farms are located in Rio Grande do Norte, Brazil. Six shrimp 

samples and 36 water samples from both farms were collected 

in previously sterilized containers, transported to the 

laboratory, and processed on the same day.  

 

Isolation of fungi from shrimp and nursery water 

The fungal isolation from shrimp surfaces was based on 

the method described by Lacaz et al. (23). Twenty five grams 

of whole shrimp were weighed and suspended in 225 ml of 

sterile distilled water. After hand shake rotations (two minutes) 

0.1 ml of the suspension was seeded in triplicate on the surface 

of Sabouraud agar medium plus chloramphenicol (50 mg/L), 

contained in Petri dishes. Fungi from nursery waters were 

isolated based on on the method described by Ali-Shtayeh et 

al.(2), by seeding one ml of each water sample, in triplicate, on 

the surface of the same medium. In both cases the plates were 

incubated at 28ºC ± 2ºC until fungal growth, approximately 10 

days. Then, fragments of fungal colonies were transferred, 

separately, to the same medium and incubated under the same 

conditions. After confirmation of purity, fungi were transferred 

to specific media for species-level identification. 

 

Identification of fungi 

For identification of the isolated fungi Czapeck-agar, 

potato-dextrose-agar (PDA) and malt extract-agar (23) were 

used. Macroscopic (colony color, appearance and size) and 

microscopic (somatic and reproductive microstructures) 

characteristics were observed in accordance with specific 

literature (3, 9, 12, 13, 14, 18, 22, 24, 30, 31, 33, 34, 35).  

The Aspergillus genus was studied using Aspergillus 

Differential Medium (ADM) (tryptone 15 g, yeast extract 10 g, 

ferric citrate 5 g, agar 16g) (6), which differentiates species of 

the flavus group. The cultures were incubated for 72 hours at 

28ºC ± 2ºC, in the dark, so the presence of yellow-orange to 

yellow-olive pigmentation on the back of the colony could 

confirm the isolates as belonging to the flavus group.  

 

Detection of the proteolytic activity 

Fragments of each fungal culture were transferred to the 

center of casein medium (skimmed milk 50 g, agar 10 g and 

distilled water 1000 ml), contained in Petri dishes, and 

incubated at 28ºC ± 2°C for 10 days. Proteolytic activity was 

detected by the formation of a transparent zone around the 

growth. To distinguish between casein hydrolysis and 
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clarification of the medium due to acids or alkaline metabolites 

present in milk, an acidified solution of mercury chloride 

(mercury chloride 12 g, 16 ml concentrated hydrochloric acid 

and distilled water 100 ml) was poured into the plates. After 10 

minutes, the reduction of the transparent zone indicated that 

casein was not digested (23). 

 

Detection of aflatoxin B production 

An agar plug (3 mm in diameter) obtained from the 

culture growth of each fungus in ADM medium (2-3 days, 

28ºC ± 2ºC) was center inoculated in Coconut Agar Medium 

(CAM) (“Socôco” Coconut Milk 200 ml, agar 16.0 g, distilled 

water 1000 ml, pH 6.9) (25) and incubated for 6-7 days at 28ºC 

± 2ºC. The presence of aflatoxin B was detected by observing a 

blue to violet fluorescent zone on the back of the growth when 

subjected to UV light (365nm) in a dark chamber (Tecnal, 

model: TE-540). 

 

RESULTS 

 

One hundred and forty six fungal isolates were obtained 

from adult shrimp (51 isolates) and nursery water (95 isolates), 

comprising 20 genera and 46 species (Tables 1, 2 and 3). 

Aspergillus (Table 2) and Penicillium (Table 3) were the most 

common genera, comprising 12 and 14 species, respectively. In 

addition, three different species of the Fusarium genus were 

also isolated (Table 3). These three genera comprised 73% of 

total isolates. All other 17 genera were isolated as a single 

species (Table 1).  

Aspergillus flavus was the predominant species and was 

present in all samples, i.e., in adult shrimp and in nursery 

waters on both farms, comprising 33 isolates (Table 2). Three 

other species were also relevant: Aspergillus parasiticus, with 

seven isolates, and Aspergillus fumigatus and Penicillium 

griseofulvium, with six isolates each. Species with four (A. 

niger, A. ochareceus, and P. waksmanii) three (A. terreus, P. 

aurantiogriseum, P. citrinum, P. commune and P. 

corylophilum) and two isolates (A. japonicus, A. oryzae, A. 

sydowii and P. finiculosum) were also obtained (Tables 2 and 

3). 

When casein was used as substrate, proteinase was 

detected in 33 of the 46 isolated species, comprising 72% of 

proteolytic strains (Tables 1, 2 and 3). Considering the 26 most 

prevalent species, belonging to the genera Aspergillus and 

Penicillium, only A. fumigatus, A. japonicus and P. 

simplicissimum were not capable of producing proteinase under 

these conditions (Table 2 and 3). The three Fusarium species 

isolated didn’t show any hydrolysis zone in the presence of 

casein either (Table 3). 

The 33 Aspergillus flavus and seven A. parasiticus isolates 

were tested for their ability to produce aflatoxin B. Twenty 

were positive, 18 (55%) belonging to A. flavus and 2 (28%) to 

A. parasiticus (Table 4). It is worth noting that only one isolate, 

out of the 18 Aspergillus flavus obtained from Farm I, which 

uses artificial feed, did not produced aflatoxin. Furthermore, 

the 15 Aspergillus flavus isolates obtained from shrimp and/or 

nursery water from the farm that uses organic feed (Farm II) 

showed no toxin production. The same trend occurred with A. 

parasiticus, although the number of tested isolates was much 

lower: the two isolates obtained from Farm I nursery waters 

showed aflatoxin production, while all five isolates obtained 

from Farm II nursery waters or shrimp did not show any 

aflatoxin production.  

After identification and detection of proteinase production 

a representative of each isolated species, which retained its 

sporulation ability, was preserved in the URM Micoteca 

Culture Collection of the Federal University of Pernambuco, 

Recife-PE, Brazil. 
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Table 1. Occurrence of different fungi genera isolated from shrimp and nursery waters from two farms, one with an artificial feeding 

system (I) and the other with an organic feeding system (II) and their proteolytic activity. (*) In parentheses the sole isolated species of 

the genus. 

Farm I  
(artificial feeding) 

 

Farm II 
(organic feeding) 

 
Genera 

Shrimp Nursery water Shrimp Nursery Water 

 
 

Proteolytic 
activity 

Absidia 
 (A. blakesleeana Lendn.)* 

- 1 - 1 + 

Acremonium 
 (A. fusidioides(Nicot) W. Gams )   

- 1 - - - 

Alternaria 
(A. alternata (Fr.) Keissler  

- - - 1 - 

Aspergillus  9 24 8 25 A 
Aureobasidium 
(A. pullulans var. pullulans) 

- 2 2 - + 

Cladosporium (C.cladosporioides (Fres) de Vries - 2 - 4 + 
Cunninghamella  
(C. elegans Lendner) 

- - - 1 + 

Drechslera 
 (D. biseptata (Sacc & Roum) Richardson & 
Frazer) 

- - 1 - - 

Eurotium 
(E. chevaliere L. Mangin) 

1 3 1 3 - 

Fusarium 4 4 1 - A 
Mucor 
 (M. hiemalis Schipper) 

- - 1 - + 

Paecilomyces  
 (P. variotii Bain.) 

2 1 1 - + 

Pencicillium 6 9 7 10 A 
Pestalotiopsis  
 (P. guepini (Desm.) Steyaert) 

1 - 1 - - 

Phaeoanellomyces  
 (P. werneckii (Horta) McGinnis et Schell) 

1 1 - - + 

Phialophora 
 (P. radicicola Cain)   

- 1 - 1 - 

Rhinocladiella 
 (R. aquaspersa Shell)   

- - 1 - + 

Rhizopus  
 (R. oryzae Went. & Prinsen Geere)  

- - 1 - + 

Rhodotorula 
 (R.  glutinis (Fr.) Harrison) 

1 - - - + 

Syncephalastrum 
 (S. racemosum(Cohn.)Scroet. )  

1 - - - + 

A - The proteolytic activity of the species of Aspergillus, Fusarium and Penicillium genera are in tables 2 and 3. 
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Table 2. Occurrence of different species of Aspergillus isolated from shrimps and nursery water from farms with artificial feeding 

system (I) and organic feeding system (II) and its proteolytic activity. 

 

 

 

Table 3. Occurrence of different species of Penicillium and Fusarium isolated from shrimp and nursery waters from two farms, 

one with an artificial feeding system (I) and the other with an organic feeding system (II) and their proteolytic activity  

Farm I  
(artificial feeding) 

Farm II 
(organic feeding) 

 
Genera 

Adult shrimp Nursery Water Adult shrimp Nursery water 

 
Proteolytic 

activity 

Penicillium aurantiogriseum 
Dierckx  

1 1 - 1 + 

P. citrinum Thom - - 3 - + 

P. commune Thom - - 2 1  + 
P. chrysogenum Thom - - - 1  + 
P. corylophilum Dierck. 1 - 1 1  + 
P. decumbens Thom - - - 1  + 
P. funiculosum Thom 1 1 - -  + 
P. griseofulvum Dierck. - 2 1 4  + 
P. implicatum Biourge - 1 - -  + 
P. janthinellum Biourge  - 1 - -  + 
P. lividum Westling - 1 - -  + 
P. pinophilum Hedgcock - - - 1  + 
P. simplicissimum (Oudemans) - 1 - -  - 
P. waksmanii Zaleski  3 1 - -  + 
Fusarium lateritium Nees 3 2 1 -  - 
F. moniliforme Wr. & Rg. - 2 - -  - 
F. oxysporum (Smith) Wr. & Rg. 1 - - - - 

 

Farm I  
(artificial feeding) 

Farm II 
(organic feeding) 

 
 
Genera Shrimp Nursery water Shrimp Nursery water 

 
Proteolytic 

activity 

Aspergillus caespitosus Raper & Thom - -  - 1  - 
A. flavipes (Bain. and Sart.) Thom  - -  1 -  + 
A. flavus Link 6 13  3 11  + 
A. fumigatus Fresenius - 3  - 3  - 
A. japonicus Saito                                                                                                                                                                                                                                                                                                    - 1  - 1  - 
A. niger V. Thieg. 1 1  - 2  + 
A. niveus Blochwitz -   - 1  + 
A. ochraceus Wilhelm - 2  1 1  + 
A. oryzae (Ahlb.) Cohn 1 1  - -  + 
A. parasiticus Speare  - 2  2 3  + 
A. sydowii (Bain. & Start.)Thom and Church  -       1  - 1  + 
A. terreus Thom  1 -  1 1  + 
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Table 4. Detection of aflatoxin production by Aspergillus flavus and Aspergillus parasiticus isolated from adult shrimp and 

nursery waters from two farms, one with an artificial feeding system (I) and the other with an organic feeding system (II). 

 
Detection of aflatoxin production  

 
Species 

 
Substrate 

 

 
Feeding System 
 + - 

Aspergillus flavus adult 
shrimp  

I 6 0 

Aspergillus flavus 
 

nursery water I 12 1 

Aspergillus flavus 
 

adult shrimp  II 0 3 

Aspergillus flavus 
 

nursery water II 0 11 

Aspergillus parasiticus 
 

nursery water  I 2 0 

Aspergillus parasiticus 
 

adult 
shrimp  

II 0 2 

Aspergillus parasiticus 
 

 nursery water II 0 3 

 

 

 

DISCUSSION 

 

In the present study 20 genera and 46 species of culturable 

fungi were identified in Litopenaeus vannamei shrimp and their 

cultivation waters at two farms in Brazil. The three most 

relevant genera were Aspergillus, Penicillium and Furarium. 

There are several reports on the diversity of viruses (37), 

bacteria (11, 28) and protozoa (20) that affect Litopenaeus 

vannamei grown in nurseries, however papers dealing with the 

isolation of conidial fungi, Ascomycota in healthy shrimp of 

this species, or water used for their cultivation, have not been 

reported so far. As to other shrimp species, Colorni (7) reported 

a fungal infection in Penaeus semisulcatus, cultivated in Israel. 

The author observed a large lesion in the muscle of a specimen 

of the shrimp, from which the fungus Fusarium solani was 

isolated, and concluded that the handling of infected shrimp 

may represent risk to farmers. Also Khoa et al. (21) isolated 

Fusarium incarnatum from gill lesions of the black tiger 

shrimp Penaeus monodon, grown in Vietnam, and found these 

shrimp to present high mortality. In our study Fusarium species 

were also detected, but in healthy specimens (F. lateritium, 

F.oxysporum), or in adult nursery water (F. lateritium and F. 

moniliforme). 

Most of the species isolated in the present research have 

been reported as mycoses agents in humans, causing 

otomycosis, keratitis, skin infections, lung infections and even 

systemic infections. These are opportunistic fungi, which affect 

only humans and other animals that have some type of immune 

suppression, or are immunocompromised (18). Three 

pathogens well known to man may be cited, 

Phaeoannellomyces werneckii, which causes Tinea nigra, 

Syncephalastrum racemosum, responsible for skin infection 

and Rhinocladiella aquaspersa, which is the etiologic agent of 

chromoblastomycosis (18, 23). Although many of the isolated 

species are potential pathogens, it must be stressed that these 

environmental isolates might miss the genes responsible for 

pathogenesis when in contact with the host.  

Aspergillus flavus was the most prevalent specie, 

comprising 22% of all isolates. A. fumigatus, A. niger and A. 

terreus were also prevalent, and have been reported as agents 
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of pulmonary aspergillosis. Furthermore, A. flavus is known as 

the most powerful fungal species able to produce aflatoxins, 

which are mycotoxins with carcinogenic potential (23). In this 

study all 18 isolates of A. flavus and two of A. parasiticus 

which produced aflatoxin B were isolated from the farm where 

shrimp are feed with artificial feed, in contrast to the isolates 

obtained from the farm with organic feeding system, where 

none of them were able to produce this mycotoxin. Although 

the number of the samples is small, and therefore a statistical 

study could not be performed, our results indicate that, 

possibly, the artificial feed in the nurseries potentiates aflatoxin 

B production by these fungi, contaminating the shrimp, and 

therefore impairing their production, and also transferring the 

toxin to the consumers. Bintvihok et al. (4) analyzed 150 

samples of black tiger shrimp Penaeus monodon in Thailand, 

fed with feed contaminated with aflatoxin B, and concluded 

that this type of system may reduce production, causing 

economic losses. 

In our study 33 out of the 46 isolated species were able to 

degrade casein, comprising 72% of proteolytic strains. This 

number may be higher, if one considers that different isolates 

of the same species can present different proteolytic 

characteristics.  Although casein proteolysis is not a direct 

indication of pathogenesis to shrimp and their consumers, it is 

well known that proteinases are important enzymes for both, 

fungal growth and host tissue invasion (23). Also Horng-Der et 

al. confirmed the pathogenic nature of this enzyme to trigger 

allergic processes when they analyzed the effects of the 

production of serine protease by Penicillium chrysogenum and 

Aspergillus fumigatus in mechanisms of allergic diseases in 

humans (19).  

It is important to emphasize that this is the first report of 

the isolation of conidial fungi and Ascomycota in shrimp 

cultivation water, and that there are few reports of diseases in 

shrimp caused by fungi.  Furthermore, as far as we know, there 

is no description in literature about the diversity of species of 

culturable fungi present in healthy cultivated shrimp 

Litopenaeus vannamei. 

So, in conclusion, the results of the present study 

demonstrate a significant diversity of culturable fungi. Most of 

the isolated species were obtained from adult shrimp artificially 

cultivated and from their nursery waters, and they presented 

aflatoxin production and proteolytic activity, suggesting that 

they may possibly be pathogens for both, the shrimp and the 

consumers.  
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