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Abstract The study aimed to evaluate the probiotic properties, antioxidant activity and fermentative capacity of Acremonium
charticola and Rhizopus oryzae isolated from the Indonesian fermented dried cassava, with particular application on poultry. A.
charticola inhibited the growth of Escherichia coli and Aspergillus flavus. A. charticola and R. oryzae grew in potato dextrose agar
(PDA) adjusted to pH 3 and 8 or in PDA supplemented with bile salt up to 0.8%. After soaking for 8 hr, the survival rate of A.
charticola in the simulated gastric juice (pH 2) and bile solutions (2% bile salt) was lower than that of R. oryzae. A. charticola and
R. oryzae exhibited strong antioxidant activities. Compared to unfermented cassava pulp (control), the fibre content of cassava
pulp tended to be lower after fermentation with A. charticola for 14 days. The populations of A. charticola and R. oryzae were
significantly higher in fermented cassava pulp than in unfermented one. Coliform was higher in cassava pulp fermented with R.
oryzae or A. charticola + R. oryzae compared to control after 7 days of fermentation, however, the bacteria were not different
between A. charticola-fermented cassava pulp and control. Lactic acid bacteria (LAB) were higher in A. charticola- and R. oryzae-
fermented cassava pulp than those in control, however, no difference of LAB was observed between A. charticola + R. oryzae-
fermented cassava pulp and control. In conclusion, A. charticola exhibited antibacterial, antifungal and antioxidant activity,
gastrointestinal persistence and fermentative capacity that may be beneficial for poultry industry.
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Fermentation is one of the oldest methods to preserve
foods. The activity of microorganisms may protect the
foods from many pathogenic and spoilage organisms,
allowing the foods to stay edible longer. Apart from the
preservative effect, fermentation may improve nutritional
properties and elicit health benefits for human and animals
[1, 2]. Gathot is a traditional Indonesian (Central and
East Java Province) food produced by fermenting cassava
spontaneously at aerobic condition. The fermentation
involves several ubiquitous microorganisms including fungi.

In our previous study, two species of filamentous fungi
have been isolated from gathot, i.e., Acremonium charticola
and Rhizopus oryzae [3].

Aside from mycotoxin-producing fungi, most fungi are
not dangerous and some fungi indeed can exert positive
effects on human and animal health [1, 4]. These beneficial
effects seem to be attributed to the probiotic properties
(such as antibacterial and antifungal activities and the
tolerance of fungi to gastrointestinal condition) and
antioxidant activity of the fungi [4]. The antibacterial and
antifungal activities may eliminate the invading harmful
bacteria or fungi [5], while the tolerance to gastrointestinal
condition may ensure the viability and activity of fungi in
the intestine of the host [4, 6]. Moreover, the antioxidant
activity may be beneficial for boosting the host immune
system [7]. To date, the probiotic properties and antioxidant
activity of A. charticola and R. oryzae isolated from the
Indonesian fermented dried cassava have not been studied.

The use of synthetic antibiotics as growth promoters
and disease prevention has been practiced for more than
50 yr in poultry industry. This application may, however,
have a risk to human health, e.g., phenomena antibiotic
resistance in human due to antibiotic residues in food of
animal origin [5]. Due to food safety reason, the use of
such antibiotics for poultry production is therefore banned
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(in European Union) or reduced (in the rest of the world).
It has been acknowledged that removal of synthetic antibiotics
as feed additive in the ration may adversely affect the
growth and health of chickens. Several alternatives have
been proposed to substitute synthetic antibiotics including
probiotics. Yet, the efficacy of the probiotic feed additives
in poultry is inconsistent [5]. At present, lactic acid bacteria
(LAB) are the most common microorganism used for
probiotics. It is known that LAB are sensitive to heat, and
therefore the survivability and stability of LAB as probiotics
are difficult to maintain especially during feed manufacturing
[8]. Note that the survivability and stability of probiotics
may determine the effectiveness of probiotics in improving
the performances and health of chickens [8]. Besides LAB,
fungi are potential probiotic microorganisms for poultry
[4]. Yudiarti et al. [9] reported that filamentous fungus
Chrysonilia crassa could stimulate the development of
duodenal villi and decrease the number of pathogenic
bacteria and fungi in duodenum and caeca of chickens.
Different from that of LAB, the ability of fungi to produce
spores makes the fungi able to survive and remain stable
even in the extreme condition [10]. Thus, fungal probiotics
are expected capable of maintaining their survivability and
stability during feed manufacturing and viability during
transit through the gastrointestinal tract of the chickens.

Apart from the potential uses of fungi as probiotics,
fungi are microorganisms important in the fermentation
processes of feed ingredients for chickens [11]. Fungi may
play an essential role in breaking down the less accessible
lignocellulosic feedstuffs [12] and therefore increase the
nutrient bio-availability for the animals. Fungal fermentation
has also been reported to increase the protein content of
feed ingredients [11]. Taken together, the fibre degrading
capacity of fungi and their ability to increase protein may
be beneficial for improving the quality of unconventional
feed ingredients for chickens which commonly have high
and low fibre and protein content, respectively. At present,
the functional properties of A. charticola and R. oryzae
isolated from gathot to lower the fibre and increase the protein
content of the feed ingredients remain unelucidated. The
objective of the present study was to evaluate the functional
properties of filamentous fungi isolated from the Indonesian
fermented dried cassava including antibacterial, antifungal
and antioxidant activity, gastrointestinal persistence and
fermentative capacity.

MATERIALS AND METHODS

Assay of antibacterial activity. Escherichia coli which
is considered potentially pathogens to poultry was included
in the study. Working culture of E. coli ATCC 25922 was
prepared by retrieving the isolate from the stock culture
(stored at 4oC) on plate count agar (PCA; Merck, Darmstadt,
Germany). The plate was incubated at 37oC for 24 hr
under aerobic condition. Concomitantly, the fungal isolates
were transferred from the fungal stock culture (stored at

4oC) into potato dextrose agar (PDA; Merck) supplemented
with chloramphenicol (Merck) and incubated at 37oC for
48 hr under aerobic condition. The evaluation of antibacterial
activity started with punching (diameter, 6 mm) the fungus
and E. coli growing on PDA and PCA, respectively, and
growing them side-by-side on plate (diameter, 145 mm)
containing PCA. The antimicrobial activity of the tested
fungal isolates was determined by visually observing the
zone occupied by the respective fungus in comparison to
that of E. coli after aerobic incubation at 37oC for 24 hr.
The assays were conducted in triplicates.

Assay of antifungal activity. Aspergillus flavus is one of
the fungi causing feed spoilage and considered potentially
pathogens to poultry. Hence, this fungus was included in
this present study. Working cultures of A. flavus and the
tested fungi were prepared by retrieving the isolates from
the respective fungal stock cultures on PDA supplemented
with chloramphenicol. The plates were incubated at 37oC
for 48 hr under aerobic condition. Analyses of antifungal
activity started with punching (diameter, 6 mm) the tested
fungus and A. flavus and then growing them side-by-side
on plate (diameter, 145 mm) containing PDA. The antifungal
activity of the tested fungal isolates was determined as
conducted for the antibacterial activity. The assays were
conducted in triplicates.

Assay of antioxidant activity. Evaluation of antioxidant
activity was initiated by preparing the fungal pellet from
the grown culture of A. charticola or R. oryzae in potato
dextrose broth after incubation at 37oC for 48 hr. The
fungal pellet was obtained by centrifugation of the grown
culture at 6,000 rpm for 15 min. The pellet of the respective
fungus was then subjected to the 2,2-diphenylpicrylhydrazyl
(DPPH) free radical scavenging assay based on Wu et al.
[13] with few modifications. The absorbance was measured
at 515 nm. Ascorbic acid (Sigma-Aldrich, St. Louis, MO,
USA) which is a stable antioxidant was used as a reference,
and the assays were conducted in triplicates.

Assay of tolerance to gastrointestinal conditions.
Preliminary trials were conducted to evaluate the tolerance
of fungi to acid and base condition as well as to bile salt.
The tolerance of fungi to acid and base conditions were
assessed by taking each fungal isolate from the stock
culture and growing on PDA adjusted to pH 3 or pH 8,
respectively. Unlike PDA at pH 8, PDA could not be
solidified well at pH 3. Therefore, fungi were grown on
unsolidified PDA at pH 3. The tolerance of fungi to acid
and base conditions was also assessed by soaking the fungi
in the solution (sterilized-distilled water) adjusted to pH 3
and pH 8 for 20 min and subsequently growing on PDA.
Surviving colonies were observed following the aerobic
incubation at 37oC for 48 hr and compared against the
control. The tolerance of fungi to bile salt was evaluated
based on agar well diffusion method. The solidified agar
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was punched with a 6-mm diameter wells and filled with
25 µL of bile solution at the concentration of 0.2% (0.2 g
oxgall [Difco, Detroit, MI, USA] in 100 mL sterilized-
distilled water), 0.4%, 0.8%, and control (0%). The size of
the inhibition zone around the wells was detected and
measured following the aerobic incubation at 37oC for
48 hr. The concentrations of bile solution were prepared
based on the fact that total bile salt concentrations in chicken
intestine normally range from 0.01% to 0.7% [14]. The
tolerance of fungi to bile salt was also assessed by soaking
the fungi in the bile solutions of 0.2%, 0.4%, and 0.8% and
control for 20 min. Surviving colonies were observed following
the aerobic incubation at 37oC for 48 hr and compared
against the control. The assays were conducted in triplicates.

In addition to the above trials, the fungal isolates were
assessed for their survival on the simulated gastric juice
(pH 2) and bile solution (2%) according to Lian et al. [15]
with some modifications. The simulated gastric juice was
prepared by suspending pepsin (3 g/L; Sigma-Aldrich) in
saline (0.5%, v/v) and adjusting the pH to 2 with 12 N
HCl. The bile solution was prepared by dissolving 2 g
oxgall (Difco) in 100 mL distilled water. All solutions were
then sterilized at 121oC for 15 min. Essentially, 1.0 g of the
fungal pellet was suspended in a (1 : 10, wt/wt) simulated
gastric juice or bile solution and was vortexed for 20 sec.
The mixtures were then incubated at 37oC with manual
shaking periodically (every 1 hr), and during the incubation
period viable fungi were enumerated. The 1.0 mL samples
taken immediately after mixing (0 hr) the fungi with
gastric juice or bile solution and at the predetermined time
intervals (4 and 8 hr) were suspended in a (1 : 10, wt/wt)
peptone solution (Merck) and serially diluted. The viable
fungi were then enumerated on PDA after aerobic incubation
at 37oC for 48 hr. The assays were conducted in triplicates.

Determination of viable cell counts and proximate
analysis. Cassava pulp (a by-product of cassava starch
factory processing) which contains high fibre and low
protein was used as a substrate of fermentation. Initially,
cassava pulp was sun-dried (dry matter content ca 87.5%)
and milled. Cassava pulp (500 g) was then put into a
plastic bag, autoclaved at 121oC for 15 min and allowed to

cool. The working cultures of A. charticola or R. oryzae
were prepared by retrieving each fungal culture collection
on PDA and incubating at 37oC for 48 hr. Fungal mycelium
from the incubated plate was harvested from PDA under
sterile condition by scraping with the aid of a spatula
(excluding PDA), and this mycelium was diluted in 200 mL
of sterilized-distilled water. The suspension (200 mL)
containing either A. charticola, R. oryzae or A. charticola +
R. oryzae was inoculated to 200 g of cassava pulp
(inoculum contained ca 4 × 108 cfu/mL of fungi) and the
mixture (cassava pulp and inoculum) was then incubated
at room temperature for 14 days. The mixture was
thoroughly mixed manually every 2 days and the samples
(for analyses) were taken at days 7 and 14 of incubation.
The sample (1.0 g) was diluted in 10 mL peptone (Merck)
solution and then serially diluted with peptone solution
before pour plating on the specific agar media. Colonies of
A. charticola or R. oryzae and A. flavus were enumerated
on PDA supplemented with chloramphenicol after aerobic
incubation at 37oC for 48 hr. Coliform bacteria were counted
on MacConkey agar (Merck) after aerobic incubation at
37oC for 24 hr. LAB were counted on de Man-Rogosa-
Sharpe (Merck) agar after anaerobic incubation at 37oC for
48 hr. For the proximate analysis, the samples were dried
in oven at 55oC for 24 hr before analysis. The assays were
conducted in triplicates.

Statistical analysis. The data of antibacterial and
antifungal activity and the data of tolerance of fungi to
gastrointestinal conditions (obtained from preliminary trials)
were not statistically analyzed. The data of antioxidant
activity, viability of fungi after exposure to gastric juice or
bile solutions, chemical composition and colonies of
microorganisms growing in fermented cassava pulp were
analyzed by analysis of variance (ANOVA). Duncan’s post
hoc test was used to assess differences between mean
values when p < 0.05 [16].

RESULTS

Antibacterial activity of fungi. The antibacterial activity
of the tested fungi is presented in Fig. 1. A. charticola

Fig. 1. The antibacterial activity of fungi against Escherichia coli. A, E. coli growing alone in plate count agar (PCA) as a
control; B, E. coli growing together with Acremonium charticola in PCA (A. charticola occupied around 80% area of Petri dish); C,
E. coli growing together with Rhizopus oryzae in PCA (R. oryzae occupied around 70% area of Petri dish).



418 Sugiharto et al.

inhibited the growth of E. coli in PCA. Compared to A.
charticola, R. oryzae seemed to inhibit the growth of E. coli
in a lower extent (A. charticola occupied around 80% area
of Petri dish; R. oryzae occupied around 70% area of Petri
dish).

Antifungal activity of fungi. The antifungal activity of
the tested fungi is presented in Fig. 2. A. charticola could
inhibit the growth of A. flavus in PDA. However, R. oryzae
seemed to inhibit the growth of E. coli by a much lower
extent as compared to A. charticola (A. charticola occupied
almost 100% area of Petri dish; R. oryzae occupied around
50% area of Petri dish).

Antioxidant activity of fungi. Result in the present
study demonstrated that both fungal isolates exhibited
strong antioxidant as indicated by the values of IC50 below
100 µg/mL (Table 1). In general, the IC50 values of A.
charticola and R. oryzae were higher (p < 0.05) than those
of ascorbic acid as a synthetic standard, and the IC50 values
of A. charticola were lower (p < 0.05) than those of R.
oryzae.

Tolerance of fungi to gastrointestinal conditions. In
the preliminary trials, both fungal isolates showed their
tolerance to acid and base conditions. A. charticola was
able to grow in both acid and base PDA, although the
fungi seemed to grow better in the base than in acid PDA

(data not presented). The same condition was observed for
R. oryzae. Moreover, the fungi were able to grow in PDA
following the soaking in solutions adjusted to pH 3 or pH
8 (data not presented). In term of tolerance of fungi to bile
salt, the inhibition zone around the wells filled with the
bile solutions up to 0.8% were not detected in this study,
and therefore the inhibition zone around the wells was not
measured (Fig. 3). In addition, the fungi grew in PDA
following soaking in the bile solutions up to 0.8% (data not
presented).

Fig. 4 shows the time course of the survival of A.
charticola and R. oryzae exposed to the simulated gastric
juice (pH 2) or bile solutions for a period of 8 hr. In
general, the survival of the fungal isolates decreased as the
exposure time increased. For the entire time of exposure,
the survival of A. charticola in the simulated gastric juice
and bile solutions was lower (p < 0.05) compared to that of
R. oryzae.

Viable cell counts and proximate analysis. Table 2
shows the colonies of microorganisms growing in cassava
pulp during the fermentation. Compared to unfermented
cassava pulp (control), the colonies of A. charticola and
R. oryzae were higher (p < 0.05) in cassava pulp after

Fig. 2. The antifungal activity of fungi against Aspergillus flavus. A, A. flavus growing alone in potato dextrose agar (PDA) as a
control; B, A. flavus growing together with Acremonium charticola in PDA (A. charticola occupied almost 100% area of Petri
dish); C, A. flavus growing together with Rhizopus oryzae in PDA (R. oryzae occupied around 50% area of Petri dish).

Table 1. DPPH radical scavenging activity of fungal isolatesa

Fungal isolates IC50
b (µg/mL)

Acremonium charticola 51.96 ± 0.01 a
Rhizopus oryzae 55.89 ± 0.63 b
Ascorbic acid (standard) 01.89 ± 2.88 c

Values with different letters within the same column were signifi-
cantly different (p < 0.05).
aValues are mean ± SD (n = 3).
bIC50 is identified as the effective concentration at which the 2,2-
diphenylpicrylhydrazyl (DPPH) radicals were scavenged by 50%.
A higher of DPPH radical scavenging activity is associated with a
lower IC50 value.

Fig. 3. The tolerance of fungal isolates to bile solution. A,
Acremonium charticola growing in potato dextrose agar
(PDA) supplemented with bile solution 0%, 0.2%, 0.4%, and
0.8%; B, Rhizopus oryzae growing in PDA supplemented with
bile solution 0%, 0.2%, 0.4%, and 0.8%. The inhibition zones
around the wells filled with the bile solutions were not
detected. BS, bile salt.
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Fig. 4. Time course of the survival of Acremonium charticola (–●–) and Rhizopus oryzae (–○–). A, Viability of fungi after
exposure to simulated gastric juice at pH 2; B, Viability of fungi after exposure to bile solutions 2%. Survival is presented as
percentage of surviving population (cfu/mL) at different sampling times relative to initial population (cfu/mL). a,bValues with
different letters within the same hour were significantly different (p < 0.05).

Table 2. Viable cell counts of the cultures of cassava pulpa

Microorganisms (log cfu/g)
Tested fungi Aspergillus flavus Coliform LAB

Day 7 of fermentation
Controlb > 00.00 ± 0.00 a 0.00 ± 0.00 0.00 ± 0.00 a 0.00 ± 0.00 a
Acremonium charticola > 05.75 ± 0.67 b 0.00 ± 0.00 2.87 ± 2.80 ab 4.67 ± 0.58 b
Rhizopus oryzae > 05.73 ± 0.64 b 2.24 ± 3.89 3.90 ± 2.48 b 5.39 ± 0.93 b
A. charticola + R. oryzae > 05.67 ± 0.58 b 2.06 ± 3.57 4.00 ± 1.00 b 3.00 ± 3.00 ab

Day 14 of fermentation
Controlb > 00.00 ± 0.00 a 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 a
A. charticola > 10.00 ± 0.00 b 0.00 ± 0.00 1.77 ± 3.06 9.77 ± 1.57 b
R. oryzae 0> 8.67 ± 1.53 b 3.49 ± 6.05 2.00 ± 3.46 9.20 ± 2.82 b
A. charticola + R. oryzae 0> 9.66 ± 0.58 b 6.48 ± 5.87 3.67 ± 3.21 5.83 ± 5.53 ab

Values with different letters within the same column and days of fermentation were significantly different (p < 0.05).
The symbol “>” indicates that some observations from which the mean was calculated had values above detection levels. When the colo-
nies could not be counted on the plates, the detection level was applied and used to make the calculations. Therefore, the real mean value
is above than that reported.
aValues are mean ± SD (n = 3).
bUnfermented cassava pulp.

Table 3. Chemical compositions of fermented cassava pulpa

Chemical composition (%)
Crude protein Ether extract Crude fibre Ash

Day 7 of fermentation
Controlb 2.14 ± 0.23 0.78 ± 1.04 18.43 ± 0.63 4.25 ± 1.25
Acremonium charticola 2.23 ± 0.22 0.45 ± 0.16 16.92 ± 5.07 3.42 ± 0.26
Rhizopus oryzae 2.50 ± 0.14 0.42 ± 0.09 17.64 ± 4.72 3.51 ± 0.41
A. charticola + R. oryzae 2.44 ± 0.20 0.44 ± 0.07 17.11 ± 0.94 3.21 ± 0.06

Day 14 of fermentation
Controlb 2.14 ± 0.23 0.78 ± 1.04 18.43 ± 0.63 4.25 ± 1.25
A. charticola 2.17 ± 0.19 0.50 ± 0.22 14.24 ± 2.31 3.42 ± 0.30
R. oryzae 2.18 ± 0.31 1.27 ± 0.88 15.64 ± 4.47 3.93 ± 1.00
A. charticola + R. oryzae 2.17 ± 0.28 0.57 ± 0.33 15.31 ± 0.84 4.03 ± 1.16

aChemical compositions of fermented cassava pulp are expressed as dry matter basis; values are mean ± SD (n = 3).
bUnfermented cassava pulp.
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fermentation for 7 or 14 days. The colonies of coliform
bacteria were higher (p < 0.05) in cassava pulp fermented
with R. oryzae or A. charticola + R. oryzae when compared
with control after 7 days of fermentation; however, the
bacteria were not different between A. charticola-fermented
cassava pulp and control. The populations of LAB were
higher (p < 0.05) in A. charticola- and R. oryzae-fermented
cassava pulp than those in control, however, no difference
of LAB was observed between A. charticola + R. oryzae-
fermented cassava pulp and control.

The chemical compositions of fermented cassava pulp are
presented in Table 3. Compared to unfermented cassava
pulp, the fibre content of cassava pulp tended (p = 0.08) to
be lower after fermentation with A. charticola for 14 days.
The content of protein, fat and ash did not differ between
unfermented and fungal-fermented cassava pulp. There
was no difference with regard to chemical compositions of
cassava pulp after fermentation for 7 and 14 days.

DISCUSSION

Preservation is one of the main purposes of food/feed
fermentation which carried out by various microorganisms
including fungi. At this point, the ability of fungi (as an
inoculum) to inhibit the growth of pathogenic and spoilage
microorganisms play a crucial role. In the present study, A.
charticola isolated from gathot could inhibit the growth of
E. coli and A. flavus in vitro. The mechanisms by which A.
charticola inhibited the growth of E. coli and A. flavus
remain unclear, but one possible mechanism could be that
the fungus produced some form of antimicrobials and
antifungals that may impair the biological functions of
microorganisms [17]. In the present study, both fungi
isolated from gathot showed strong antioxidant activities as
indicated by the low IC50 values. According to Blois [18],
samples with IC50 < 50 µg/mL have very strong antioxidant,
50~100 µg/mL strong antioxidant, 101~150 µg/mL medium
antioxidant and > 150 µg/mL weak antioxidant. In term of
food/feed storage, this property is beneficial to protect the
food/feed from oxidative degradation by free radicals and
therefore prolong the storage of food/feed [13]. From this
consideration, A. charticola and R. oryzae may be valuable
natural antioxidant source that can potentially be applicable
in poultry feed industry.

In addition to the food preservative potential, some
fungi have been reported to possess probiotic properties
which are beneficial for human and animal health [1, 4].
In general, the antimicrobial and antifungal activities are of
essential properties of probiotic, which may inhibit the
growth of pathogenic bacteria and fungi invading the body
[4, 5]. Unlike R. oryzae, A. charticola inhibited the growth
of E. coli and A. flavus in vitro. Hence, A. charticola could
be a good candidate of probiotic for poultry. It has widely
been known that antioxidants are associated with the
healthy immune system. Antioxidants may protect the
immune cells from environmental damage and seem to be

essential for an optimal function of the immune system
[7]. The strong antioxidant activity of A. charticola therefore
further supported the probiotic potential of this fungus in
improving the host immune systems. In this present study,
we did not perform in vivo chicken experiment. Hence,
further animal experiments of poultry are worthy to verify the
probiotic potential and antioxidant activity of A. charticola
in poultry.

To function as probiotic (in the intestine), fungi need to
survive transit through the stomach and colonize the
intestine of the host [7]. In our preliminary study, fungi
were evaluated for their tolerance to acid (pH 3) and base
(pH 8) conditions as well as to different concentrations of
bile salt. Both fungal isolates were able to survive in acid
and base conditions as well as in solutions containing bile
salt up to 0.8%. In the later experiment, the probiotic
potential of the fungal isolates was further evaluated based
on their ability to survive in simulated gastric juice (pH 2)
and in higher concentration of bile solution (2%) for 8 hr.
Throughout the exposure time, the survival rate of R. oryzae
in simulated gastric juice and bile solutions was higher
when compared to A. charticola. The different sensitivity
of the fungal spores to acid/simulated gastric juice and bile
solution seemed to influence the survival rate of the tested
fungi, as reported by Duc et al. [19] in Bacillus species and
Ali et al. [20] in Saprolegnia. These latter results may raise
the question if it is worth using A. charticola as probiotic
especially for chickens. However, the fact that the pH of
chicken stomach is 3.54 [21] may reveal the importance of
A. charticola as a potent probiotic for chickens as this
fungus was able to survive in the medium adjusted to pH
3. Correspondingly, the ability of A. charticola to grow in
the medium containing bile salt up to 0.8% may further
reveal the possibility of A. charticola as a probiotic for
chickens given that the total bile salt concentrations in
chicken intestine range from 0.085 to 7.00 mg/mL or 0.0085%
to 0.7% [14].

In commercial poultry production, feed is considered
the most important input and plays a major role in total
production cost. Due to global rise in the price of feed
ingredients, there is now a tendency in the poultry industry
to move toward the use of unconventional feed ingredients
such as cassava pulp that is a by-product of cassava starch
factory processing. This, however, is limited by the high
fibre content in cassava pulp that can reduce its digestibility.
Earlier study have shown that fungal fermentation decreased
the fibre content and increased the crude protein content
of cassava pulp [11]. In the present study, fermentation
with A. charticola for 14 days could decrease the fibre
content of cassava pulp. However, fungal fermentation for
7 or 14 days did not increase the protein content of cassava
pulp. The latter result may indicate that A. charticola and
R. oryzae could not use the free nitrogen from atmosphere
to synthesize protein and/or the production of fungal biomass
protein was limited during fermentation. To increase the
protein content of fermented cassava pulp, it seems therefore
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necessary to enrich the cassava pulp with nitrogen source,
for instance urea, during fermentation as conducted by
Khempaka et al. [11] when fermenting cassava pulp with
Aspergillus oryzae. Owing to this, further fermentations
had subsequently been conducted by inoculating cassava
pulp with fungal starter (ca 4 × 108 cfu/mL) and 41 g/kg
urea (on dry matter basis). After incubation for 14 days,
the protein content of cassava pulp increased from 2.14 ±
0.23% to 11.34 ± 0.35%, 12.80 ± 0.55% and 14.77 ± 0.25%
for A. charticola-, R. oryzae-, and A. charticola + R. oryzae-
fermented cassava pulp.

The fermented feed is attributable to the high content of
particular microorganisms used as inoculation starter. In
this study, fermentation resulted in higher populations of
A. charticola and/or R. oryzae in cassava pulp when
compared with unfermented cassava pulp. In addition, the
populations of the inoculation starters (A. charticola and R.
oryzae) were doubled from day 7 to day 14 of fermentation.
Based on this result, it is necessary to ferment the cassava
pulp with A. charticola and/or R. oryzae for 14 days in order
to produce fermented cassava pulp with probiotic properties.
Note that to exert the beneficial effects; fermented feed
must contain probiotic microorganisms above 106 cfu/g or
mL [22]. It has been reported that fungal fermentation
resulted in decreased pH value of the substrates [23]. This
low pH may favour the growth of LAB [2] that is beneficial
for the health and performances of chickens [5]. In accordance
with this, our present results showed that fermentation of
cassava pulp with A. charticola or R. oryzae led to higher
populations of LAB (though the pH was not measured)
when compared to control. It has commonly been known
that the reduction in pH and the increase in LAB
population can inhibit the growth of pathogenic organisms
such as coliform bacteria from developing in the feed [2].
Concomitantly, the higher LAB content (and possibly the
lower pH) in the current fermented cassava pulp was
associated with the lower population of coliform bacteria.

In conclusion, fungi isolated from the Indonesian
fermented dried cassava, particularly A. charticola, exhibited
antibacterial, antifungal and antioxidant activity,
gastrointestinal persistence and fermentative capacity that
may be beneficial for poultry industry. Further in vivo
chicken study is needed to evaluate the probiotic activity of
A. charticola on the health and performances of chickens.

ACKNOWLEDGEMENTS

The study was fully funded by Diponegoro University
through PNBP DIPA UNDIP, DIPA No. 042.04.2.400049/
2015, 15 April 2015.

REFERENCES

1. Nout MJ, Kiers JL. Tempe fermentation, innovation and
functionality: update into the third millennium. J Appl
Microbiol 2005;98:789-805.

2. Missotten JA, Michiels J, Degroote J, De Smet S. Fermented
liquid feed for pigs: an ancient technique for the future. J
Anim Sci Biotechnol 2015;6:4.

3. Yudiarti T, Sugiharto S. A novel filamentous fungus
Acremonium charticola isolated from gathot (an Indonesian
fermented dried cassava). Int J Food Res 2015 (in press).

4. Kabir SM. The role of probiotics in the poultry industry. Int J
Mol Sci 2009;10:3531-46.

5. Sugiharto S. Role of nutraceuticals in gut health and growth
performance of poultry. J Saudi Soc Agric Sci 2014 Jun 12
[Epub]. http://dx.doi.org/10.1016/j.jssas.2014.06.001.

6. Manurung SI. Fermented whey permeate for piglets as a
strategy to reduce post weaning diarrhoea [dissertation].
Copenhagen: National Veterinary Institute Technical University
of Denmark; 2012.

7. Brambilla D, Mancuso C, Scuderi MR, Bosco P, Cantarella G,
Lempereur L, Di Benedetto G, Pezzino S, Bernardini R. The
role of antioxidant supplement in immune system, neoplastic,
and neurodegenerative disorders: a point of view for an
assessment of the risk/benefit profile. Nutr J 2008;7:29.

8. Mansouripour S, Esfandiari Z, Nateghi L. The effect of heat
process on the survival and increased viability of probiotic by
microencapsulation: a review. Ann Biol Res 2013;4:83-7.

9. Yudiarti T, Yunianto BI, Murwani R, Kusdiyantini E. The
effect of Chrysonilia crassa additive on duodenal and caecal
morphology, bacterial and fungal number, and productivity
of Ayam Kampung. Int J Sci Eng 2012;3:26-9.

10. Bakermans C. Microbial evaluation under extreme conditions.
Berlin: Walter de Gruyter GmbH; 2015.

11. Khempaka S, Thongkratok R, Okrathok S, Molee W. An
evaluation of cassava pulp feedstuff fermented with A. oryzae,
on growth performance, nutrient digestibility and carcass
quality of broilers. J Poult Sci 2014;51:71-9.

12. Kazda M, Langer S, Bengelsdorf FR. Fungi open new
possibilities for anaerobic fermentation of organic residues.
Energy Sustain Soc 2014;4:6.

13. Wu N, Fu K, Fu YJ, Zu YG, Chang FR, Chen YH, Liu XL,
Kong Y, Liu W, Gu CB. Antioxidant activities of extracts and
main components of pigeonpea [Cajanus cajan (L.) Millsp.]
leaves. Molecules 2009;14:1032-43.

14. Lin J, Sahin O, Michel LO, Zhang Q. Critical role of
multidrug efflux pump CmeABC in bile resistance and in
vivo colonization of Campylobacter jejuni. Infect Immun
2003;71:4250-9.

15. Lian WC, Hsiao HC, Chou CC. Viability of microencapsulated
bifidobacteria in simulated gastric juice and bile solution. Int
J Food Microbiol 2003;86:293-301.

16. SAS Institute Inc. SAS user’s guide: statistics. Ver. 6. Cary
(NC): SAS Institute Inc.; 1989.

17. Essig A, Hofmann D, Münch D, Gayathri S, Künzler M,
Kallio PT, Sahl HG, Wider G, Schneider T, Aebi M. Copsin, a
novel peptide-based fungal antibiotic interfering with the
peptidoglycan synthesis. J Biol Chem 2014;289:34953-64.

18. Blois MS. Antioxidant determination by the use of stable free
radical. Nature 1958;181:1199-200.

19. Duc LH, Hong HA, Barbosa TM, Henriques AO, Cutting
SM. Characterization of Bacillus probiotics available for
human use. Appl Environ Microbiol 2004;70:2161-71.



422 Sugiharto et al.

20. Ali SE, Thoen E, Evensen Ø, Skaar I. Boric acid inhibits
germination and colonization of Saprolegnia spores in vitro
and in vivo. PLoS One 2014;9:e91878.

21. Král M, Agelovičová M, Mrázová L. Application of probiotics
in poultry production. Sci Pap Anim Sci Biotechnol 2012;45:
55-7.

22. Shah NP. Functional cultures and health benefits. Int Dairy J
2007;17:1262-77.

23. Dewi C, Purwoko T, Pangastuti A. Production of reducing
sugar from rice brans substrate by using Rhizopus oryzae.
Bioteknologi 2005;2:21-6.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


