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ABSTRACT 
 
Background and Objectives: Mortality is highly variable within population of cultured fish due to virulent bacteria causing 
fish septicemia. The use of nano-silver marine fungal chitosan as antibiotic synergisers could be an alternative in the treat-
ment of sepsis fish pathogens.
Materials and Methods: Different bulk chitosan solutions were prepared from the mycelia of four marine fungi (Aspergillus 
terreus, Aspergillus flavipes, Tricoderma hamatum and Fennellia flavipes) and used as capping agents for silver nanoparti-
cles. In vitro, the antibacterial activity of these preparations was determined against nine fish-sepsis causing bacteria, alone 
and in combination with nine antibiotics of choice used in aquaculture. Prepared fungal chitosans (CsF) were characterized 
by yield of chistosan obtained, degree of deacetylation and viscosity. 
Results and Conclusion:  The maximum yield of chitosan (28%) was obtained from Aspergillus terreus. A. terreus chi-
tosan (CsF), silver nanoparticles (AgNPs) and chitosan-silver nanoparticles (CsF-AgNPs) showed maximum activity at the 
minimum inhibitory concentrations average (MICAVG) 27.2, 18.2 and 7.9 µg/ml, respectively. Combination of CsF -AgNPs 
with amikacin (Ak) and rifampicin (RD) reduced the MIC values by 96 and 94%, respectively, with fractional inhibitory 
concentration index (FICI) = 0.42 and 0.50 as synergistic effect. It is promising to use CsF-AgNPs as enhancing agent in 
combination with antibiotics for fish sepsis therapy.     

Keywords: Marine fungal chitosan, nanosilver, bacterial sepsis, antibiotics, synergy

disease progresses, with high mortality rates under 
stress conditions. (2). 

Use of the bio-waste chitosans obtained from 
aquatic organisms has recently been used and com-
mercially available. Preparations of those product in 
industrial and  medical applications depend largely 
on its physico-chemical characteristics because of 
difficulties related to seasonal and variable supply of 
raw materials, as well as difficulties in manufactur-
ing  conditions (3). These problems on production of 
chitosan from crustaseans may be switched by the 
prepation of chitosan from fungal mycelia (4). The 
production of chitosan from fungal mycelia is more 
advantageous than  crustacean chitosans concerning  
its degree of acetylation and viscosity (5). Moreover, 
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INTRODUCTION

Outbreaks of bacterial pathologens in dense pop-
ulations of cultured fish are associated with many 
stressful conditions (1). Pathogenic bacteria produce 
similar syndromes represented by hemorrhagic sep-
ticemia and ulcerative lesions that are common as 
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distribution and production of the fungal chitosan 
are more stable than that of crustacean chitosans 
that ensure providing of maintained stability of fi-
nal product. Chitosan fungal mycelia which gives 
medium-low molecular weight are commonly used 
in  many medical-technical applications (6).  Reasons 
make production of new fungal chitosan prepara-
tions is highly appreciated. However, the preparation 
of high  pure chitosan  from fungal cell wall material 
has not been accomplished yet (7).

The antimicrobial potential of AgNPs enables their 
use for medical and veterinary applications because 
of their good physiochemical properties and low tox-
icity. The antimicrobial activity of AgNPs against 
marine bacterial fish pathogens were previously 
studied (8; 9). Moreover, the extensive use of multi-
agents in medical therapy resulted in the emergence 
of pan-drug resistant bacteria (10). So, attempts have 
been made to deal with this problem by using more of 
combined therapy (11). The present study showed the 
synergistic effects induced by combination of antibi-
otics of choice with fungal chitosans silver nanopar-
ticles against nine fish sepsis-causing bacteria.

 
MATERIALS AND METHODS

 
   Fungal cultivation conditions. Four marine fungi 
Aspergillus terreus, Aspergillus flavipes, Tricoder-
ma hamatum and Fennellia flavipes were isolated 
from Edko Lake. These strains were identified by 
Mycological center, Faculty of Science, Assiut Uni-
versity, Egypt; on Chapex medium. One ml spore 
suspension (107 spore ml-1) was prepared from a 
7-days-old slants, and inoculated into 100 ml Rose 

Bengal media in a 250 ml Erlenmeyer flask. The cul-
tures were incubated at 28 ˚C; 120 rpm for 7 days. 
Fungal dry weights were determined after filtration 
and drying the biomass pellet at 65 ˚C to achieve 
constant weight. 

Test organisms. Samples were isolated from in-
fected fish by swabbing. Purified colonies on tryptic 
soya agar (TSA) were subcultured in 5 ml broth me-
dium over-night and identified via biochemical tests 
(12). Nine bacteria were selected for bioassay: Aero-
monas hydrophila, Edwardsiella tarda, Pasteurella 
piscicida, Pseudomonas aeruginosa, Streptococcus 
faecium, Streptococcus iniae, Vibrio ordalli Vibrio 
anguillarum, Yersinia ruckeri.

Antibiotics. Six antibiotic groups used in the pres-
ent study were purchased from local market: Mem-
phis Co. for Pharmaceutical & Chemical Industries 
Development (CID) Giza, Egypt (Table 1). These an-
tibiotics are enhancing agents in fish therapy proto-
cols (13). Dilutions from the stock antibiotic powders 
were prepared according to manufacturer's recom-
mendations.

Preparation of fungal chitosan. Fungal chitosan 
preparing was done as described before in the mod-
ified method of Crestini et al. (14). Dry fungal my-
celia were ground, suspended with 1 mol-1 NaOH 
solution (1 :30 w/v) and autoclaved at 121 ˚C for 15 
min. Alkali-insoluble fractions were collected af-
ter centrifugation at 5000 rpm for 15 min, washed 
with distilled water and recentrifuged to neutrality. 
The residues were further extracted using 2% acetic 
acid (1: 40 w/v) at 95 oC for 8h. The extracted slur-

Table 1: Antibiotics used in the study

Antibiotic group

Aminoglycoside

Chloramphenicol
Macrolides
Quinolones
Rifamycin

Tetracycline

Antibiotics

Amikacin
Kanamycin
Florfenicol

Erythromycin
Ciprofloxacin
Rifampicin
Tetracycline

Oxytetracycline
Minocycline

Code

AN
K

KF
ETH
CIP
RD
TE
OT
MC

Conc. µg/ml

50
5
10
10
5
5
10
10
5
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ry was centrifuged at 5000 rpm for 15 min and the 
insoluble acid discarded. The pH of the supernatant 
fluids was adjusted to 10 with 2 mol/l  NaOH, the 
solution centrifuged at 5000 rpm for 15 min and the 
precipitated chitosan was washed with distilled wa-
ter, 95% ethanol (1 : 20 w/v) and acetone (1 : 20 w/v), 
respectively and dried at 60 oC to a constant weight. 
Physicochemical characterization of obtained fungal 
chitosan was done. Degree of deacetylation (DDA) 
was measured and calculated according to an adapt-
ed method of Czechowska-Biskup et al. (15), in Cen-
tral Lab., Faculty of Science, Alexandria University 
where, viscosity was recorded using Digital Viscom-
eter ST2020R.

Characterization of CsF-AgNPs solution was ob-
served through scanning electron microscopy (SEM) 
(JSM-5300 scanning microscope, JEOL) and used to 
record chitosan (CsF) and CsF-AgNPs morphology 
and size. For this study, the samples were treated first 
using ultrasonic radiation of the two examined sam-
ples, then subsequently gold coating performance be-
fore transferring them to the microscope.

Preparation of fungal chitosan-nanosilver. A 
stable silver nanoparticle was prepared via the wet 
modified chemical reduction method according to 
Song et al. (16). Freshly prepared NaBH4 (4 × 10−2 M) 
solution, as the strong reducing agent, was added to 
AgNO3 under continuous stirring to reach a constant 
AgNO3/NaBH4 molar ratio (1:4). Following this usu-
al preparation method for preparation of CsF-AgNPs 
was carried out using soluble CsF as suitable stabiliz-
er and capping agent (100 mL, 0.5 wt %) by solubi-
lization in 1.0 wt% of acetic acid solution (pH ~3.53) 
under constant stirring. Solution of AgNPs was add-
ed to soluble CsF under constant stirring for synthe-
sis of the CsF-AgNPs solution. Thickened solution of 
CsF-AgNPs obtained were centrifuged and dried at 
40 °C under vacuum overnight. 

Antimicrobial activities. Antimicrobial activ-

ities of fungal chitosan, AgNPs and CsF-AgNPs 
were recorded in the form of minimum inhibitory 
concentration (MIC) as recommended in the guide 
of standards of the CLSI (17). MIC was determined, 
after incubation, by choosing the lowest inhibitory 
concentration of fungal chitosan or its combinations 
according to the presence or absence of turbidity. 
The lower the MICs are, the higher the activity of the 
tested chitosan or chitosan-nanoparticle is (18).

Fractional inhibitory concentrations index. 
Antibiotic- CsF-AgNPs combinations were applied 
against the most resistant strains. MICs were deter-
mined in three replicates for each combination by 
broth microdilution according to standards of the 
CLSI (17). Synergism was defined as a fraction in-
hibitory concentrations index (FICI) ≤ 0.5, additive 
effect as an FICI > 0.5 and ≤ 1, indifference effect as 
an FICI > 1 and ≤ 2 and antagonism effect as an FICI 
> 4. The FICI for a drug is derived by dividing drug 
concentration by the control MIC of the drug against 
the tested organism. FICI for the combinations of 
two drugs was calculated according to the equation: 
FIC index =  FICAb  + FICCs = Ab / MICAb + Cs /MICCs

(Ab and Cs refer to antibiotics and chitosans, re-
spectively).

 
RESULTS

   Marine fungal chitosan yield. Four fungal strains 
were isolated and cultivated using Rose Bengal me-
dia. Maximal mycelial dry weight was obtained with-
in 7 days in (g/l) 6.0, 3.5, 5.9 and 9.0. Aspergillus ter-
reus gave a maximal yield of chitosan 278 mg g-1 dry 
wt (28% chitosan), while the lowest yield of chitosan 
was of 12 mg g-1 dry wt (1.2% chitosan) for Aspergil-
lus flavipes (Fig. 1). Table 2 shows different degree of 
deacetylation and viscosity of marine fungal strains.  
The highest percentage of deacetylation and viscosi-
ty at 93% and 11.6 centipoises (cP), respectively were  

Table 2. Degree of deacetylation and viscosity of different marine fungal Chitosan

Fungal species
Aspergillus terreus
Aspergillus flavipes
Fennellia  flavipes

Tricoderma hamatum

Degree of deacetylation (%)
93
75
62
84

Viscosity (cP)
11.6
5.1
8.4
10.3
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recorded from the prepared As. terreus chitosan.
  Chitosan (CsF) and CsF-AgNPs morphology was 
characterized through scanning electron microscopy 
(SEM) showing the reduction of chitosan based silver 
nanoparticles (CsF-nAg) with average sizes 28.4 -39.8 
nm (Fig. 2).

  Bioactivity of chitosans, nanosilver and chi-
tosan-nanosilver. Using Aspergillus terreus chitosan 
(CSF) revealed its strong antibacterial activity against 
resistant strains. One percent chitosan solution could 

Fig. 1. Chitosan yield produced from four different fungal species.

inhibit sepsis bacteria, showing maximum average 
of MICAVG 27.2 µg/ml. Lower MICAVG were record-
ed with Fennela flavepis chitosan 292.0 µg/ml (Fig. 
3). No activity was obtained using silver-nanoparti-
cle (Fig. 4). The capping agent silver nanoparticles 
showed more challenged activity using fungal chi-
tosans. Aspergilus terreus - CSF-AgNPs showed an-
tibacterial activity with maximum average of 7.9 µg/
ml, while, lower MICAVG were recorded with Fennela 
flavepis chitosan at 195.9 µg/ml (Fig. 5).

Fig. 2. Scan electron microscope (SEM) showing fungal chitosan particles (CsF) (a) and chitosan based silver nanoparticles 
(CsF-nAg) (b).

 
Chitosan  (a) Chitosan  (b) 
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 (A) 

(B) 

Fig. 3. Minimum inhibitory concentration of different fungal chitosans against sepsis-causing bacteria (A) and MICAVG of 
different fungal chitosans (B).

Fig. 4. Antibacterial activity of A. terreus chitosan based silver nanoparticles (CsF-AgNPs), A. terreus chitosan (CsF) and silver 
nanoparticles AgNPs against A. hydrophilla (most sensitive strain) (a) and Ps. aeruginosa (most resistant strain) (b)
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(A) 

(B) 

Fig. 5. Minimum inhibitory concentration of different fungal chitosans nano-silver against sepsis bacteria (A) and MICAVG of 
different fungal chitosans nano-silver (B).

   Combinations and FICI. Using microdilution as-
say, sepsis bacteria treated with antibiotics combined 
with fungal chitosan silver nano-particle showed syn-
ergistic action with amikacin & rifampicin at maxi-
mum MIC 11.4±0.6 &16.4±0.8 µg/ml (Table 3) and 
the FICI were 0.42 and 0.50 (Fig. 6), respectively. The 
additive effects were recorded using kanamycin, flor-
fenicol, erythromycin, ciprofloxacin tetracycline and 
minocycline -CSF-AgNPs with FICI range from 0.63 

– 0.86. The indifference effect was recorded at 1.04 
for oxytetracycline-CSF-AgNPs.
  From the synergistic point, combination of Ag-
NPs-CSSq with amikacin (Ak) and rifampicin (RD) re-
duced the MIC value from 256 µg/ml to a much lower 
values 11.4 and 16.4 µg/ml, respectively, against sep-
sis bacteria. Finally, the best formulae obtained from 
these previous results were: 
Amikacin – CSF-AgNPs & Rifampicin– CSF-AgNPs 

Table 3. Minimum inhibitory concentration of antibiotics - fungal chitosan – AgNPs combinations against sepsis bacteria

MIC (µg/ml)*
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      2±0.1  4±0.2       8±0.4       32±1.6     8±0.4        13±0.7      1±0.1        2±0.1       1±0.1          7.9±0.4

      9±0.5   8±0.4       8±0.4       16±0.8     22±1.1        0             16±0.8      8±0.4      16±0.8         11.4±0.6

      9±0.5      32±1.6     12±0.6      16±0.8     48±2.4      18±0.9  48±2.4    16±0.8      24±1.2         24.8±1.2

      9±0.5 16±0.8      32±1.6     16±0.8     32±1.6       8±0.4       24±1.2     34±1.7     32±1.6         22.6±1.1

     10±0.5 32±1.6      34±1.7     22±1.1     34±1.7      12±0.6 48±2.4      24±1.2     34±1.7        27.8±1.4

      7±0.4 12±0.6      24±1.2     12±0.6     22±1.1      11±0.5  64±3.2      32±1.6      64±3.2       27.6±1.4

      9±0.5 16±0.8      24±1.2      8±0.4      16±0.8       9±0.5   22±1.1      12±0.6     32±1.6       16.4±0.8

    11±0.6 32±1.6       6±0.3      16±0.8      22±1.1      7±0.4  64±3.2      48±2.4     48±2.4       28.2±1.4

    11±0.6 64±3.2      16±0.8     24±1.2      48±2.4     12±0.6   34±1.7      32±1.6      32±1.6      30.3±1.5

    11±0.6 64±3.2      16±0.8     32±1.6      32±1.6      11±0.5   22±1.1      12±0.6     16±0.8       24.0±1.2

As. terreus chitosans AgNPs

Amikacin               AN-CSF-AgNPs

Kanamycin                K-CSF-AgNPs

Florfenicol              KF-CSF-AgNPs

Erythromycin         ETH-CSF-AgNPs

Ciprofloxacin          CIP-CSF-AgNPs

Rifampicin            RD-CSF-AgNPs

Tetracyclin            TE-CSF-AgNPs

Oxytetracyclin        OT-CSF-AgNPs

Minocyclin         MC-CSF-AgNPs

* Standard Error of Data at 5%
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Fig. 6. Average of fractional inhibitory concentration index (FICI) of antibiotics–fungal chitosan–AgNPs combination against 
sepsis fish isolates

DISCUSSION

   Chitosans are polymers combining a group of phys-
icochemical and biological characteristics, which al-
low wide scope of applications (19). Previous studies 
were concentrated on the biological activity of chi-
tosan from exoskeletons of fungi with spectrum of 
activity against pathogens and lower toxicity toward 
animal cells (20; 21; 22).
  Four fungal chitosans capped agents' for silver 
nanoparticles were prepared and used for antibacte-
rial activity against some sepsis fish pathogens. These 
preparations were carried out separately and in com-
bination with antibiotics. A. terreus appeared to have a 
greater potential to be used for preparation of chitinous 
material due to a more abundant biomass production. 
Maximum yield for A. terreus (9.0 g/L) was obtained 
on the 6th day after inoculation and shown to give a 
maximal yield of chitosan 28%. Fungal chitosan accu-
mulation was found at a different stage of cell growth 
but the late exponential phase produced the most (2). 
A. terreus chitosan yield were higher than that pre-
viously obtained by different A. niger strains ranged 
from 17.2- 26.1% (23). Barely similar to our results, 
the highest yield of chitosan from the dry mycelia of 
Penicillium waksmanii was 29.7% (24).  

  Our results revealed that the prepared A. terreus 
chitosan (CSF) could inhibit sepsis fish pathogens 
completely with maximum average of MIC 28.7 µg/
ml. Logesh et al. (22), showed maximum activity of 
marine fungal chitosan at range of 32 - > 256 µg/ml 
against V. cholera, E. coli and S. aureus. Fungal chi-
tosan was not a macromolecule polymer, it seems to 
be able to pass the outer membrane of bacteria, since 
this membrane functions as an efficient outer perme-
ability barrier against other chitosan macromolecules 
(25).
  Fungal chitosan capped with silver nanoparticle 
CSF-AgNPs showed antimicrobial action at 7.9 µg/
ml. The effect of the synthesized silver/chitosan 
nanocomposites showed high antibacterial activities 
against Gram-positive bacteria (26). Combinations of 
different antibiotics as antimicrobials in fish therapy 
are previously reported by Inglis et al. (27), showed 
no effect of trimethoprim and quinolones against 
Gram-negative fish pathogens in preventing emer-
gence of resistance. However, combination of natu-
ral biowastes with non effective drugs may produce 
synergistic action. Our results revealed synergy of 
CsF-AgNPs in combination with amkacin and rifam-
pacin against sepsis fish pathogens by 11.4 and 16.4 
µg/ml. Compared to our results, the antimicrobial 
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synergic effect of chitosan with antibiotics against the 
bacterial flora of fish showed MICs ranged from 27 to 
125 µg/ml (28).  Also, the synergic effect of chitosan 
with sulfamethoxazole against P. aeruginosa reduced 
MIC from 64 to 8 µg/ml (29). Decker et al. (30) pro-
posed a synergistic chlorhexidine/chitosan combina-
tion yielded a strong CFU reduction much stronger 
than chlorhexidine alone. Therefore, our results reveal 
the importance of antibiotics-fungal chitosan - silver 
nanoparticles combinations as they have strong anti-
bacterial activity against resistant sepsis fish pathogen. 
  Pathogens treated with antibiotics combined with 
CsF-AgNPs showed synergistic action at maximum 
FICindex 0.42 and 0.50. Combination studies of leaf 
extract fractions along with ciprofloxacin and fluco-
nazole showed activities against common fish patho-
gens  where maximum FICindex ranged from 0.007 
– 0.50 (31). Many authors studied different synergic 
FICindex effect against fish pathogens (FIC less-than 
or equal to 0.5) (32, 33). FICindex of chitosan oligosac-
charide proves to be better combination for sulfame-
thoxazole against P. aeruginosa at FICindex 0.375 (29).  
While, the combination of three chitosans and bacte-
riocin (divergicin M35) appeared to have an additive 
effect against Listeria monocytogenes, as determined 
by FICindex = 1 (34). 
  Thus we concluded that fungal chitosan silver 
nanoparticles combined with amikacin and rifampa-
cin, in vitro, could be a promising alternative against 
sepsis fish pathogens. The final synergistic formula 
against these isolates has a positive role in preventing 
the resistance mechanism by these virulent bacteria. 
Also, these data encourage further studies with fungal 
chitosan and other antimicrobial classes in vivo using 
animal experiments to validate these interesting find-
ings. 
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