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producers of toxins and metabolites. 

Secondary metabolites in nature are important for micro-
organisms that produce them; they work as sex hormones, 
ionophores, competitive weapons against other organisms, 
are symbiotic agents and have effects of differentiation 
and unknown activities (Demian and Adrio, 2008) 

In nature, organisms are organized in biofilms known to 
be composed of complex communities of organisms, 
including aerobic and anaerobic bacteria, amoeba, 
protozoa, nematodes, and fungi. The microorganisms 
that reside near and synergistically live in biofilm support 
the fungi or nutrient source for bacteria, thus contributing 
to biofilm formation (Fachin et al., 2001). Many organisms 
comprising biofilms produce metabolites with other organi-
zations, using antibiosis as a defense mechanism of the 
microbial community. These metabolites can inhibit the 
growth or kill the organism that causes damage to the 
biofilm structure (Silva et al., 2006; Wilson et al., 2011.) 

The bacteria, Staphylococcus aureus is an important 
pathogen because of its virulence, antimicrobial resistance 
and association with several diseases, including life-
threatening systemic diseases, skin infections, opportuni-
stic infections and food poisoning. Antimicrobials are 
drugs that have the ability to inhibit the growth of or kill 
pathogenic microorganisms, without being toxic to the 
host (Tortora, 2000; Griffin, 1993). 

Despite the availability of a large number of antibiotics 
in the last generation, it is very important to seek compounds 
that may act as new drugs for fighting diseases caused 
by bacteria (Bills et al., 2013). Numerous studies have 
reported the antimicrobial resistance of S. aureus bacteria. 
Thibaut et al. (2010) reported that S. aureus and Escherichia 
coli isolated from food bacteria were resistant to anti-
biotics group β - lactams and macrolides. Ferreira et al. 
(2011), investigating the presence of methicillin- resistant 
S. aureus on the surface of various objects in an 
intensive care unit, found that 29 samples ( 60.4%) were 
resistant to methicillin. The authors emphasized that the 
surface area of the infusion pump and aprons was 
infected by 60 and 75% respectively of the isolated samples. 
Catão et al. (2013) documented the rate of hospitalized 
patients with various infections in a hospital in Campina 
Grande, Paraíba, Brazil. Of the 1056 charts reviewed, 26 
reported infections caused by S. aureus. Of these, 17 
reported cases of methicillin-resistant Staphylococcus. 

Another determining factor is the optimization of the 
culture media for the production of secondary metabolites 
by microorganisms isolated from diverse environments. 
One technique currently used is the experimental design, 
an effective tool for statistical optimization of fermentation 
processes. Some authors have reported the use of this 
methodology for process improvement. De Paris et al. 
(2012) reported the use of an experimental design (CCR) 
with twenty two runs for optimization of the culture 
medium of Aspergillus niger in solid state fermentation. 

Given all, the above aims to evaluate the antimicrobial 
activity  of  fungi against bacteria of clinical interest, using 

 
 
 
 
an optimized culture medium. 
 
 
MATERIALS AND METHODS  
 
Microorganisms  
 
Fungi 
 
The five fungi, Pestalopsis palestris URM 04; Cladosporium 
cladosporioides URM 06; Trichoderma pseudokonigii URM 35; 
Curvularia lunata URM 50 and Penicillium sp. URM 45 isolated from 
the main supply system of the High Sky in Recife were used (Table 
1). These organisms were identified by micro-morphological fungal 
structures (conidiophores and vegetative structures) observation as 
well as by biochemical tests; and they were subsequently deposited 
in the Culture Collection of the URM Culture Collection UFPE. 
 
 
Bacteria  
 
In order to test the antibacterial activity of the metabolites produced 
by the fungi, gram positive bacteria (G+); S. aureus (UFPEDA 01) 
and S. aureus (ORSA UFPEDA 709, 730, 733); and Gram negative 
bacteria (G-) (Pseudomonas aeruginosa UFPEDA 39) were used. 
Mycobacterium tuberculosis (UFPEDA 71) and alcohol resistant 
acid (ARA) of clinical interest were acquired from the Culture 
Collection of the Federal University of Pernambuco, Department of 
Antibiotics (UFPEDA) (Table 2). 
 
 
Selection of microorganisms 
 
Before the selection was done, fungal spores were inoculated 
separately in the center of the Petri dishes containing Sabouraud 
culture; they were incubated at 30°C for 48 h to obtain the mycelial 
mass. 

In order to test the fungi that produce metabolites against better 
clinical bacteria, agar discs of approximately six millimeters (6 mm 
φ/1.5 g/L) and yeast previously grown were inoculated in two ways 
in potato dextrose liquid culture (PD - 200.0 g Potato, 15.0 g 
glucose and 1.000 mL of distilled water , pH 6.8 to 7.0 ) and 
Sabouraud (SAB - 50.0 g peptone, 40.0 g glucose, 1000 ml distilled 
water; final pH adjusted to 5.6). They were incubated under static 
conditions for five days. After this period, the filtrate of growth 
culture was obtained by filtration and tested for antimicrobial activity 
using the method of Kirb et al. (1966). In this, paper discs (6 mm φ) 
were soaked in 10 μL filtrate of growth culture of the fungus and 
placed in a Petri plate previously seeded with the standard 
solutions at 0.5 McFarland scale of bacteria (108 UFC/mL) to be 
tested. The samples were incubated at 37°C for 24 h. After this 
period, zones of inhibition (mm) were measured. At this stage the 
five, fungi were tested against S. aureus (UFPEDA 01), P. 
aeruginosa (UFPEDA 39) and M. tuberculosis bacteria (UFPEDA 
71). 
 
 
Influence of aeration on the production of metabolites 
 
In order to observe the influence of aeration on the production of 
metabolites, agar discs (approximately six millimeters) of fungus 
selected in the previous step were inoculated in the culture medium 
showing the best conditions for production of metabolite in a 250 
mL Erlenmeyer flasks subjected to 180 rpm at 37°C. Every 24 h, 
aliquots were removed for measurement of pH potentiometer, 
Model HSP-3B and biomass dry weight by observation method. 
The influence of stirring was examined by observing the formation 
of inhibition zones by the methodology described above against 
oxacillin-resistant S. aureus (ORSA). 



 
 
 
 
Table 1. Fungi. 
 

Fungi Identification number (URM) 

Pestalopsis palestris 04 
Cladosporium cladosporioides 06 
Trichoderma pseudokonigii 35 
Curvularia lunata 50 
Penicillium sp. 45 
 
 
 
Table 2. Bacteria. 
 

Bacteria 
No. of collection 

(UFPEDA) 

Staphylococcus aureus (G+) 01 
S. aureus ORSA (G+) 709 
S. aureus ORSA (G+) 730 
S. aureus ORSA (G+) 733 
Pseudomonas aeruginosa (G-) 39 
Mycobacterium tuberculosis 
(AAR) 

71 

 
 
 

Table 3. Coded matrix of 22 factorial 
design with three center points for the 
fungus selected. 
 

Tests Glucose (g/L) Inoculated 

1 -1 -1 
2 +1 -1 
3 -1 +1 
4 +1 +1 
5 - 1.41 0 
6 +1.41 0 
7 0 -1.41 
8 0 +1.41 
9 0 0 
10 0 0 
11 0 0 

 
 
 
Optimization of conditions for production of metabolites 
 
In order to optimize the conditions for the production of metabolites, 
Statistical Experimental Design methodology was used. With a 
trend that showed better results in the previous assay, an 
experimental design was performed in order to obtain the best 
operating conditions. To this, a central composite design (CCD) 
was applied, through a full factorial design (22) with levels of -1 and 
+1, four axial points (-1.41 and +1.41) and three central points (zero 
level). The variables studied are pH and agitation (independent 
variables) and antimicrobial activity (dependent variable). The 
design consisted of 11 experiments (Table 3) and for its realization, 
we used the Statistic 6.0 Software. 
 
 
Statistical analysis  
 
To  verify  that  there  was  a  significant  difference between the pH 

Feitosa et al.          3001 
 
 
 
values and biomass inhibition halo of tested fungi, analysis of 
variance was performed using the software Statistic 6.0. 
 
 
RESULTS AND DISCUSSION 
 
Selection of microorganisms 
 
Pestalopsis palestris, Cladosporium cladosporioides, 
Trichoderma pseudokonigil, Curvularia lunata and 

Penicillium sp. were fermented in two liquid media in 
static conditions for a period of five days. In the fermen-
tation process, a pH of 6.05 to 7.54 is demonstrated in 
the Potato Dextrose (PD) medium, which is close to 
neutral; while in half Sabouraud (SAB), the pH is 6.76 to 
8.76, which is neutral to alkaline (Figure 1). After the 
analysis of variance done on the pH values tested, it was 
observed that there was no significant difference among 
the five pH values obtained with p = 0.9233. The pH is a 
parameter that should be taken into consideration 
because of its importance for the continual viability of the 
fungus during the fermentation process. Pimenta et al. 
(2008) tested in shake flasks, fungal activity of Hypholoma 
fasciculare, Saccharomyces cerevisiae yeast (PYCC 
4455), Kluveromyces marxianus and Candida tropicalis 
(PYCC 3886T 3097T PYCC), taking into account the 
variation of pH and temperature. They observed that pH 
around neutrality (5.6 to 5.8) favored the production of 
secondary metabolites by the filamentous fungi tested. 
Bhimba et al. (2012) evaluated the activity of 34 endophytic 
fungi against various bacteria in liquid medium using the 
disc diffusion method; they observed that there was 
increased fungal activity when fermented with acidic pH. 

In the production of metabolites, pH is also important in 
maintaining the environment of the microorganism, whether 
natural or synthetic. Many fungi present in biofilms in 
water systems tend to acidify, creating conditions for their 
survival. Gao et al. (2013) isolated a fungus, Aureobasidium 
pullulans from marine biofilm and observed after stimula-
tion, the aquatic environment has a tendency to acidify 
the saline. 

Another factor that must be observed in the processes 
of production of secondary metabolites by filamentous 
fungal is that biomass is produced. It must be considered 
that, as these substances are fruits of secondary 
metabolism and not directly related to growth, it is more 
interesting to get a smaller amount of biomass. 
Throughout the growth stages, there was a higher yield of 
biomass of the fungus in the culture medium (PD) with 
values ranging from 0.80 to 4.24 g/L, showing a good 
affinity for growth in this medium; whereas in the culture 
medium (SBA), yield was lower with growth ranging from 
0.10 to 1.4 g/L (Figure 2). This behavior is due to the 
alkaline pH which is not a good condition for growth of 
fungi. The analysis of variance between the biomass 
values showed no statistically significant difference 
between the masses of the five fungi with p = 0.0451. 

 Prabha et al. (2009), who also conducted tests on fungi, 



300
 
 
 

 
 
 

 
 
 
obs
Asp
ferm
fea
day
mic
of 
incr
stat
me

02          Afr. J

 
F
T
d

served the g
pergillus sp. 
mentation fo
turing four typ
ys) where 
croorganisms 
8 to 15°C. I
rease of bio
tionary phase
dium through

J. Microbiol. R

 
Figure 1. V
palestris (1
Curvularia lu

Figure 2. Bioma
Trichoderma pse
days. 

growth of Pe
These spe

r biomass a
pical stages o
the physica
and the envi

In the log ph
omass mainly
e of growth, t
h the substrate

Res. 

alue of pH in 
), Cladosporiu

unata (4) and Pe

ass value produ
eudokonigii (3),

enicillium chr
cies were g
and seconda
of growth: the
al balance 
ronment show
hase, growth
y on the 15
here was alte
e consumptio

Sabouraud (SA
um cladosporio
enicillium sp. (5)

uced by fungis P
 Curvularia lun

rysogenum a
grown in liqu
ary metabolit
e lag phase (0

between t
wed little grow
h occurred w
5th day. In t
ered cell grow
on and excret

AB) and potato
oides (2), Tri
) after five days 

Pestalopsis pale
ata (4) and Pen

and 
uid 
tes 
0-7 
the 
wth 
with 
the 
wth 
ion 

of sec
the b
the d
bacte
and V

The
with a
after 
show
this  

o dextrose (PD
ichoderma pse
of fermentation

estris (1), Clado
nicillium sp. (5)

condary meta
biomass in the
death phase
erial activity o
Vibrio cholera
e tested Peni
antimicrobial 
24 h against

wed no activity
fungus   was

) of Pestalopsi
eudokonigii (3)
n. 

osporium clado
) in mediums te

abolites. This 
e culture med

e. Also obse
of citrinin fro

a. 
icillium sp. str
activity and 

t S. aureus; w
y against the 
s   selected   t

 

is 
), 

 

sporioides (2), 
ested after five 

is followed b
dium, indicati
erved was a
om P. aerugin

rain  produce
inhibition zon
while other fu
microorganis

to   be   used

by reduction o
ng cell death

a strong anti
inosa bacteria

ed metabolite
ne of 6.5 mm
ungal extracts

sms tested. So
in later steps

of 
h-
i-
a 

s 
m 
s 
o 
.   



 
 
 

 
 
 

 
 
 
Pen
syn
som
oth
sub
con
(Pe
pro
incl
cho
192
of 
Pen
its 
al., 

F
for 
by 
the 

Tab
 

G

24
48
72
96
12
14
Va
Ca

  

(-) N

nicillium spec
nthesize high
me cases, th
er classes of 

bstances by
nditions used
epper et al., 
oduce a divers
luding antiba
olesterol redu
29 when Alex
S. aureus in
nicillium nota
effects on G
1966). 

From the resu
fermentation 
the observat
 middle. Afte

 
Figur
sp. un

ble 4. Inhibition 

rowth period (

4 h 
8 h 
2 h 
6 h 
24 h 
48 h 
ancomicina (C+

aldo BD (C-) 

No activity. 

cies are a gro
h amount of 
ey have 73%
microorganis
 fungi intri
d for their 
2008). In a

se range of a
acterial, immu
uction (Petit, 
xander Flemin
n a Petri dis
tum contamin

Gram- positive

ults obtained, 
in PD broth 

tion of the inf
er the exper

re 3. Values of 
nder agitation co

zone of metabo

(time) 

+) 

oup of microo
secondary 

% production 
sms. The prod
insically dep

growth and
addition, Pen
ctive seconda
unosuppressi
2009). As d

ng observed g
sh, there wa
nant describin
e microorgan

Penicillium s
under  stirrin
fluence of th
riment, it wa

pH and biomas
ondition. 

olites produced 

Average of in

709

_
_
_
_
_

20.25±
18.3±0

0

organisms wh
metabolites; 
more than t

duction of the
pends on t
d developme
icillium spec
ary metabolite
ive agents a
described sin
growth inhibit
as a culture 
ng penicillin a
nisms (Bauer 

p. was select
g condition a
is parameter

as found that

ss of fermentatio

by Penicillium s

nhibition zones

9 

±0.05 
0.05 

ich 
in 

the 
ese 
the 
ent 
ies 
es, 

and 
nce 
ion 
of 

and 
et 

ted 
and 
r at 
t it 

favore
agitat
availa
stirrin
antici
3). F
again
cause
activi
than 
to a b

Tab
again
UFPE
devia
aureu
cultur
148h 
Altho

on liquid in PD 

sp. in PD broth.

s (mm) agains

7

19,
20,
21,
22
22
21

14.2

ed the grow
tion promot
ability of nutri
ng, the fungu
ipation to get 

Fitsum et al. 
nst Colletitrich
es anthracno
ty was highe
in static cond

better distribu
ble 4 shows t
nst S. aureu
EDA 733) te
ations. The P
us (UFPEDA 
re while main
with inhibitio
ugh Penicilliu

broth of Penici

st S. aureus U

730 

73±1 
21±1 
80±1 
±0.8 
±0.8 
±0.8 

2±0.02 
0 

wth of the 
tes homoge
ents from the

us grew from
better growth
(2014) teste

hum lindemun
ose of beans
er under agita
dition. The au
tion of nutrien
the activity of

us (UFPEDA 
ested and t
Penicllium sp
730)  in the

ntaining an in
n zones rang

um sp. has no

Feitosa et 

 

illium 

UFPEDA 

733 

_ 
_ 
_ 
_ 
_ 

16±0.87 
22.09±0.05 

0 

fungus. This
enization an
e medium. At 
m 3.96 to 5.0
h at pH 8.5  fo
ed three spe
nthianum, the
s. They obse
ation condition
uthors attribut
nts in the cult
f the fungus P

709, UFPE
their respect
p. was activ
e first twenty-
ncrease in this
ging from 19.7
ot been show

al.          3003

s is because
nd increase
the end of the

03 g, with an
or 72h (Figure
ecies of fung
e fungus which
erved that the
ns  (150 rpm
ed the activity
ture medium.
Penicillium sp
EDA 730 and
tive standard

ve against S
-four hours in
s activity ove

73 to 22 mm.
wn to be active

3 

e 
s 
e 
n 
e 
gi 
h 
e 

m) 
y 

p. 
d 
d 

S. 
n 

er 

e



300
 
 
 

 
 
 
in t
was
S. a
16 

C
fun
pos
bro
rela
pro
al. 
by 
org
sta
effe
hum
al. 
Gib
aur
for 
of f

T
ext
pou
200
by 
use
incu
pH)
me
day
var
pro
mu
con
the 
stra
cult
sep
ana
with
for 

04          Afr. J

 
Figu
733. 

the early hou
s a significan
aureus 709; w
mm after 148

Cortez (2011)
gi, P. chryso
sitive and Gr
oth after 72 h
ates the pre
oduced by the
(2013) report
Aspergillus s
anisms in th
nce isolated 
ectiveness in
man pathogen
(2014) report

bellula pulchra
reus SK - 1 in
48 h. The au

fungus becau
The seconda
remely divers
unds and new
09). However

the fungus 
ed for their
ubation, cult
) (Petit, 200
dium under s
ys. Glucose a
ried so that 
oduction of m
ltivariate me

nditions and 
 production o
ain. Once th
ture medium
parating the 
alyses were p
h 3 strains of
the 11 runs, 

J. Microbiol. R

ure 4. Inhibition 
Experiments 9,

rs against S.
nt activity with
while for S. au
8 h. 
) reported th
ogenum and 
ram negative
h under stirri
sence of the

e organism. C
ted the isolati
spp., it was a
he soil. The 

as an Ans
n combating 
ns. Unlike thi
ted the activity
a EPF083 ag
n Sabouraud

uthors highligh
se it is a path

ary metaboli
se, providing 
w classes of 
, the producti
depends int

r growth an
ure medium
9). Penicillium

stirring, at pH 
and inoculum 
the line was

metabolites in
ethodology w
to verify how
of secondary
e incubation

m for each
biomass fro

performed us
f S. aureus (O
only the race

Res. 

formed by the 
, 10 and 11 equ

. aureus 709 
h halos of 20
ureus 733, the

he activity of 
Diplodia sp

e bacteria in 
ng of 180 rp
e activity wit

Corroborating 
ion of a subs

active against
authors des

shamicyna an
fungi and 

s work, Kuep
y of the extra
gainst methic
 broth under 
ht the importa
hogen of inver
sm of micr
the discover

f compounds 
ion of second
rinsically on 
nd developm

composition
m sp. was g
7.0 with incu
component e

s subjected 
n different co
was used to
w these varia
y metabolites
 period was
 experiment
m the liquid
ing antimicro

ORSA). It wa
es of the cent

metabolite prod
uivalent to the m

and 733, the
.25 mm agai
e halo was 

f two strains 
. against Gra

fermented P
pm. The auth
th the pigme
this work, He

stance produc
t various mic
scribe the su
nd highlight 
actinomycete

phadungphan
act of the fung
illin resistant 
static condit

ance of this k
rtebrates. 
roorganisms 
ry of new co
(Prabha et a

dary metabolit
the conditio

ment (time 
n, temperatu
grown in liqu
bation time o
experiment w
to growth a

onditions. Thu
o vary grow
ations influen
s by the fung
s complete, t
t was filter

d medium. T
obial test, test
s observed th
ral points (9, 

duced by the fu
midpoint, respect

ere 
nst 

of 
am 
PD 
hor 
ent 

e et 
ced 
cro-
ub-
its 

es, 
n et 
gus 

S. 
ion 
ind 

is 
om-
al., 
tes 
ons 

of 
ure, 
uid 

of 5 
was 
and 
us, 
wth 
nce 
gus 
the 
red 
The 
ted 
hat 
10 

and 1
mm r
mm r
respe
verifie
7.7 lo
alkali
secon
micro
low a
prese
repre
metab
retard
be a 
was d
that t
(< 0.1
goal 
of tim
struct
it perm

One
Penic
as c
poten
becau
natur
of th
influe

The
desig
as no
pende
Paret
proce

In 
influe
low a
The r
proce

In t

ungus Penicillium
tively. 

11 ) showed 
respectively f
respectively fo
ectively for S
ed that race 
ower than th
ne environm
ndary metabo
oorganism. Th
activity of grow
ent in the med
essor and use
bolism of oth
dation of fung
good medium

desired. Base
the PDA med
1) and variat
is to deliver 

me. However
tures, it is sug
mits rapid spo
e explanatio
cillium was in
carotenoid bi
ntial for the bio
use yellow 
rally changes 
he most imp
ence growth a
e results of 
gn (Figure 5) 
oted, the con
ent variables
to chart sho
ess, either po
this case, t

ence negative
amount is bes
response surf
ess should be
this case, it is

m sp. on PDA 

zone of inhib
for S. aureus
or S. aureus 

S. aureus 73
10 is the only
he other rac

ment that fa
olites, inhibiti
he response 
wth on PDA m
dium usually 

e of other carb
her compound
gal growth. Ho
m when the 
ed on the re
dium has a m
ion of inoculu
growth metab
, if the aim 
ggested that P
orulation. 
on for the 
nfluenced by t
iosynthesis (
otechnologica
pigments ac
the pH of th

portant enviro
and product fo

the optimiza
are expresse
centrations o
s are done i
ows how the
sitively or neg
the inoculum
ely the proces
st for antibiotic
face figures s
e conducted (
s observed fro

against S. aure

bition of 10.5
s 709 14, 25;
730 and 9.75

33 (Figure 4)
y one that sh
ces. It was
avors the p
ing the grow
surface graph
medium, sinc
has an inhib

bon sources o
ds of this med
owever, the P
culture biom
sults, it can 

minimal amou
um (< 2) , wh
bolite within a
is to analyze
PDA is emplo

inhibition o
the independ
(fungi have 
al production o
ccumulate du
he medium. T
onmental par
ormation. 
ation of the 
ed in Statistic
of the depend
in eleven rep
e variables 
gatively. 

m and glucos
ss, which me
c production b
show the tren
Figure 6). 
om the graph

 

eus 

, 11 and 10.8
; 14 and 13.9
5, 10 and 10.2
). The result
howed a pH o
remaining an
production o

wth of the tes
h explains the

ce the glucose
bitory effect on
of subsequen
dium, causing

PDA proved to
ass formation
be suggested

unt of glucose
here the main
a short space

e reproductive
oyed, because

of growth o
dent variables

a significan
of carotenoids
uring growth
The pH is one
rameters tha

experimenta
c 6.0 ANOVA
dent and inde
petitions. The
influence the

ses variables
eans that thei
by the fungus
d in which the

hical response

8 
9 
2 
s 

of 
n 

of 
st 
e 
e 
n 
nt 
g 
o 
n 
d 
e 
n 
e 
e 
e 

of 
s, 
nt 
s, 
h) 
e 

at 

al 
A; 
e-
e 
e 

s 
ir 
s. 
e 

e



 
 
 

 
 
 

 
Figure 5. 
Penicillium

Pareto and st
m sp. 

 
Figure 6. S
aureus (OR

andardized effe

Surface respons
RSA, A - 730, B-

ects using gluc

e optimization m
-733 and C-709

cose and inocu

means for PD p
). 

ulums which bu

production of bio

ustle as the de

oactive compou

Feitosa et 

ependent variab

 

nds by S. 

al.          3005

 

ble by 

5 



300
 
 
 

 

06          Afr. JJ. Microbiol. R

 
Figure 6. C

Res. 

Contd. 

 

 



 
 
 
 
surface that lower amount of glucose and inoculum will 
lead to a better production of the metabolite. It can be 
seen in the figure that in response variable surface 733 
(arrow) greater halo (red top) is present when glucose is 
between zero and 0.5, likewise the inoculum.  
 
 
Conclusion  
 
Filamentous fungi showed a preference for growth in PD 
broth having a good biomass yield and sporulation. 
Penicillium sp produce secondary metabolites that inhibit 
the growth of S. aureus (ORSA). Glucose amounts 
greater than 0.1 g had an inhibitory effect on the growth 
and production of metabolite by the fungus.  
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