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Abstract

The objective of study was to produce amylase, cellulase and phytase on sargassum and rice bran on solid
state fermentation using Aspergillus niger, Neurospora crassa and Rhizophus oryzae. Media for solid state
fermentations composed of dried sargassum and rice bran. The effect of particle of sargassum, initial moisture
content on phytase, amilase, and cellulase were evaluated. Optimum enzyme activity of phytase, amylase and
cellulase were obtained after 4 days fermentation at 30°C, and initial moisture content was adjusted to 60%. The
optimum particle size of dried sargassum attaining the highest enzyme activity was 25 mesh. Best formula for
enzymes production was at the ratio of 4:6 (w/w) of Sargassum spinosum (SS) and rice bran (RB) respectively.
At this formula highest phytase activity was obtained by Aspergillus niger, cellulase by Rhizopus oryzae, and
amylase by Neurospora crassa. Media composed of sargassum and rice bran can be used for phytase, amylase

and cellulase production.
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Introduction

The introduction of enzyme in cattle feed is
one alternative to increase feeding efficiency.
Enzyme production cost however is still high
due to many factors (Singh et al., 2013).
Sargassum is renewable resources produced in
coastal area and recently is being cultivated by
farmer. However the price of sargassum is still
low and unstable. It is therefore necessary to
explore the utilization of this renewable
resource for other economically valuable
product i.e. hydrolytic enzyme production.
Sargassum has been used for cattle feed (Rey-
Crespo et al., 2014; Garcia-Casal et al., 2009)
and source for mineral. Sargassum contained
carbohydrate, protein, lipid and plant growth
hormone (Williams & Feagin, 2010) which not
only good for poultry feed but also suitable as
medium for enzyme production. Hydrolytic-
enzyme supplement in  ruminal and
monogastric animal feed is to increase nutrient
availability and hence reduce production cost.
Sargassum and seaweed are potential
resources for cattle feed. The rare breed of
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primitive sheep on North Ronaldsay, Orkney
(Scotland) survives under extreme conditions
on the beach shore of North Ronaldsay with
seaweed as virtually their sole feed source,
mainly brown kelps (Laminaria digitata and
Laminaria hyperborea) (Hansen et al., 2003).
They found dry matter degradation (DMD,
71.7%, at 48 h) and organic matter
digestibility (OMD, 79.6 %).

Fermentation  technology has  been
proposed to improve the contents of protein
and polysaccharide in seaweed waste, and
proved to be an available method to improve
the nutritional value of animal feed produced
from seaweed waste. Additives were necessary
to increase nutrient value of fermented sea
weed.

Seaweed solid wastes obtained after the
extraction of «-carrageenan was used for
bioethanol  production through separate
hydrolysis (SHF) and fermentation process
and simultaneous  saccharification and
fermentation process (SSF). For the SHF
process, enzymatic hydrolysis was conducted
by varying three process variables, substrate
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concentration, pH and temperature, but a
constant enzyme dosage was maintained. The
highest glucose yield of 99.8 % was obtained
at pH 4.8, at temperature of 50 °C and a
substrate concentration of 2 % (w/v) seaweed
solid wastes. With subsequent fermentation, a
bioethanol yield of 55.9 % was obtained. In
contrast, for the SSF process, a yield of 90.9 %
bioethanol was obtained. From these results, it
was determined that the SSF of seaweed solid
wastes with Saccharomyces cerevisiae has
several advantages over SHF because the
former is a simple one-step procedure that can
save time, cost and energy consumption while
achieving a high vyield of bioethanol (Tan &
Lee, 2014).

Reducing  sugar  produced through
hydrolyses of seaweed waste is due to the
activity of several hydrolytic enzyme include
amylase and cellulose (Zhang et al., 2004).
Phytase is necessary to increase phosphorous
availability in animal feed. Therefore
additional of additive substrate is necessary to
produce phytase using sargassum as the main
carbon sources. Solid state fermentation has
been successfully introduced for efficient
enzyme production system (Roopesh et al.,
2006). Many factors however should be
optimized to produce hydrolytic enzymes in
solid state fermentation (Pandey et al., 2000).
The objective of this study was to evaluate
hydrolytic enzymes (cellulase, amylase and
phytase) production using sarggasum and rice
bran in solid state fermentation system.

Materials and Methods

Inoculum Preparation for SSF. The culture
of Aspergillus niger, Rhizopus oryzae, and
Neurospora crassa were grown and
maintained on potato dextrose- agar (PDA)
slants. The slants were stored at 4 °C. Five-
day-old fully sporulated slant was used for
inoculant preparation. For this, 10 mL sterile
distilled water containing 0.1 % Tween-80 was
added to the slant and spores were scraped
with a sterile needle. The inoculant obtained
contained 4.7x10" spores per mL.

Substrates preparation for SSF. Sargassum
spinosum (SS) and rice bran (RB) obtained
from local company were used as substrates
for the phytase production. Five grams of the
dried substrate taken in a cotton plugged 250
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mL Erlenmeyer flask were supplemented with
6.0 mL of salt solution containing (%)
NH,NO; 0.5, MgSO,.7H,0 0.1, and NaCl.
Media for phytase production were contained
percentage a mixture of SS/RB as the
following: 100/0; 90/10; 80/20; 70/30; 60/40;
50/50 and 60/40.

Particle size. To study the effect of particle
size of S. spinosum (SS) on phytase
production, the particle size was adjusted
using blender and passed through siever with a
size of 10, 25 and 40 mesh. The S. spinosum
(SS) was then autoclaved ad used as substrates
for the phytase production.

Moisture optimation. To estimate the effect
of initial moisture on phytase production, the
moisture was adjusted to the required level by
adding distilled water. Substrates were
sterilized at 121 °C and 15 psi for 15 min,
cooled and inoculated with 1.0 mL spore
suspension (4.8x10’ spores per mL) of fungal
strain. The flasks were incubated at 30 °C for
96 hours. All experiments were carried out in
2 replicates.

The effect of nitrogen supplement. Four of
additional nitrogen sources were selected to
study the effect of additional nitrogen sources
on phytase, amylase and cellulase production.
Additional nitrogen sources evaluated were
peptone, yeast extract sodium nitrate and urea
at the concentration of 0.5 %.

Enzyme extraction. Enzyme extraction was
carried out using distilled water with 0.1 %
Tween-80. Known quantities of fermented
substrates were mixed thoroughly with the
required volume of distilled water (so that the
final extraction volume was 100 mL) by
keeping the flasks on a rotary shaker at 180
rpom for one hour. The suspension was
centrifuged at 8,000 g for 20 min and the clear
supernatant obtained was assayed for phytase
activity.

Phytase assay. Phytase activity was assayed
by measuring the amount of inorganic
phosphorus released from sodium phytate
solution using the method of Harland and
Harland (1980). One unit of enzyme activity
was defined as the amount of phytase required
to release one micromole of inorganic
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phosphorus per minute under the assay
conditions.

Amylase assay. Amylase activity was
determined following the methods described
by Raul et al. (2014) by determining the
amount of reducing sugar produced (uMol)
per hour by 1 mL enzyme.

Cellulase assay. Cellulase activity was
determined following the methods previously
described by Ferrari et al. (2014) by
determining the amount of reducing sugar
produced (uMol) per hour by 1 mL enzymes
using carboxymethyl cellulose as substrate for
enzymes.

Results and Disscussion

The effect of particle size.

Particle size affect production of phytase,
amylase and cellulase. The optimum particle
size for all enzyme production was 25 mesh
(Figure 1-3). Each fungi produced their
specific enzyme. Aspergillus niger was better
for phytase production (Figure 1), Rhizophus
oryzae was better for cellulase (Figure 2), and
Neurospora crassa was good for amylase
production (Figure 3). Maximum production
of phytase by A. niger was 5.1 unit/g.ds, while
maximum amylase production by N. crassa
was 3.8 unit/g.ds. Production of cellulase by R.
oryzae was 4.2 unit/g.ds)

Particle size greatly affect the enzyme
production on solid state fermentation
(Bhargav et al., 2008). Particle size affect
aeration, substrate diffusion, humidity, and
mycelial growth (Lakshmi et al., 2009). We
observed slower mycelia growth on smaller
particle size, and this similar to previous
observation on the growth of A. niger for
production of glucoamylase using corn as
substrate (Pandey, 1991). It is therefore
importance to optimize the particle size before
solid state fermentation especially when using
dry substrate.

Production of cellulase by A. niger, N.
crassa and R. oryzae also affected by particle
size. Best particle size was 25 mesh. The
inoculant used was heterothophic aerobic
fungi, which their growth and hydrolytic
enzyme production were affected by aeration
methods and substrate diffusion profile
(Kumar et al., 2003).
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Many fungi produce amylase under solid
state fermentation (Sivaramakrishnan et al.,
2007; Kunamneni et al., 2005). Solid state
fermentation for enzymes production is more
effective then submerge fermentation (Yu et
al., 2008).

phytase (Unit/g.ds)

mesh mesh mesh mesh mesh mesh mesh mesh mesh

A. niger R. Oryzae N. Crassa

Particle size and inoculant

Figure 1.Comparison of phytase production base
on the effect inoculant type and particle size of
substrate. The enzyme activity was determined at 4
days incubation period, the SSF was at 30 °C, and
the initial moisture content was 60 %.
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Cellulase (Unit/g.ds)

10 mesh| 25 mesh|40 mesh|10 mesh| 25 mesh|40 mesh 10 mesh 25 mesh 40 mesh

A, niger R. Oryzae N.Crassa

Particle size and inoculant

Figure 2. Comparison of cellulase production base
on the effect inoculant type and particle size of
substrate. The enzyme activity was determined at 4
days incubation period, the SSF was at 30 °C, and
the initial moisture content was 60 %.
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Amylase (Unit/g.ds)

A. niger R. Oryzae N.Crassa

Particle size and innoculant

Figure 3. Comparison of amylase production base
on the effect inoculant type and particle size of
substrate. The enzyme activity was determined at 4
days incubation period, the SSF was at 30°C, and
the initial moisture content was 60 %.

The effect of substrate composition

Media composition and inoculant type
affect hydrolytic enzyme production. Best
formula media for enzymes production was
Sargasum (SS):Rice bran (RB) (4:6) for all
isolated tested. Best phytase producer was R.
oryzae. This isolate produce about 30 %
phytase higher than other isolates (Figure 4).
R. oryzae is well known fungi has been used
widely in traditional fermented food such as
Tempe. It is quite reasonable that this species
has been used in tempeh fermentation for
centuries. Higher rice bran portion result in
higher phytase production. Rice bran has been
effectively used for phytase production (Wang
et al., 2008 ; Chang et al., 2008).

N. crassa produced slightly higher amylase
than the other isolates (Figure 5), but all
isolates produce almost similar quantity of
amylase. N. crassa has been effectively
produce amylase using, coffee cherry husk,
silver skin, spent coffee and mixtures of these
coffee wastes (Murthy et al., 2009).

The sequence for cellulase production was
A. niger, N. crassa, and R. oryzae. At the same
formula A. niger produce cellulase 20 %
higher than other isolates. While N. crassa
produce slightly higher cellulase than R.
oryzae.

A. niger is powerful fungi for cellulase
production on various substrate which include
corn stover (Ghori et al., 2011), Jatropha
curcas seed cake (Ncube et al., 2012), saw

42

dust (Acharya et al., 2008), sugar cane bagasse
(Cunha et al., 2012), ground nut and soyabean
mill (Sathyavrathan & Krithika, 2013). Hence
this fungi has been intensively studied for
many of industrial product (Gamarra et al.,
2010).
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A. niger R.oryzae N.Crassa

Innoculant and portion of rice brand

Figure 4. Comparison of phytase production as
affected by media composition and inoculant type.
The enzyme activity was determined at 4 days
incubation period, the SSF was at 30 °C.

Amylase (Unit/g.ds)

A, niger R.oryzae N.Crassa

Innoculant and portion of rice brand

Figure 5. Comparison of amylase production as
affected by media composition and inoculant type.
The enzyme activity was determined at 4 days
incubation period, the SSF was at 30 °C.

The effect of moisture content

Initial moisture content affects enzyme
production. Maximum enzyme production was
achieved at 60 %. Substrate moisture is one of
the important abiotic factor that affect growth
of fungi in wvarious media for enzyme
production (Latifian et al., 2007). Maximum
cellulase activities by Trichoderma reesei
QM9414 and T. reesei MCGT77 in solid-state
fermentation using rice bran as substrate
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obtained at 70 % humidity. Not only initial
moisture content but also temperature are
important factor that affect maximum enzyme
activity on T. reesei MCG77 (Latifian et al.,
2007). In the case of A. niger, temperature and
moisture are the most important factor that
affect the myclial growth. The increase of
water content to more than 55 % at the
temperatures 35 and 40 °C decreases
microorganism growth (Hamidi-Esfahani et
al., 2004). Therefore adjusting the initial
moisture and water content are crucial to
obtain highest enzyme activity.

6,00

5,00

4,00

3,00

Cellulase (Unit/g.ds)

2,00

0,00

A niger R.oryzae N.Crassa

Innoculantand portion of rice brand

Figure 6. Comparison of cellulase production as
affected by media composition and inoculant type.
The enzyme activity was determined at 4 days
incubation period, the SSF was performed at 30 °C.

Phytase (Unit/g.ds)

60 70 | 80 90 | 100 60 | 70 | 80 90 100 &0 70 | 80 | 90 | 100

A. Niger R. oryzae N.crassa

Innoculant and initial moisture content (%)

Figure 7. Comparison of phytase production as
affected by initial moisture content and inoculant
type. The enzyme activity was determined at 4 days
incubation period, the SSF was at 30 °C.

Slightly higher moisture content (64 %)

was needed for production of phytase by
Aspergillus ficuum NRRL 3135 on canola
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meal in solid state fermentation (Ebune et al.,
1995). They also observed that phytase
production increased with an increase in
inoculum age between 2 and 5 days.

Our finding is similar to that of El-Batal
and Karem (2001), who obtained similar
phytase activity at moisture content of 60% on
rapeseed meal by A. niger A-98. They
observed not only moisture content but also
addition of surfactant Tween 20, Tween 40,
Tween 60, Tween 80 as well as oliec acid
increased phytase production, but Triton X-
100 inhibit phytase activity (El-Batal &
Karem, 2001) (Figure 7).

Amylase (Unit/g.ds)

60 | 70 | 80 | 90 | 100 60 70 80 90 100| 60 70 | 80 @ 90

A Niger R.oryzae N.crassa

Innoculant and initial moisture content (%)

Figure 8. Comparison of amylase production as
affected by initial moisture content and inoculant
type. The enzyme activity was determined at 4 days
incubation period, the SSF was at 30°C.

Production of amylase by fungi was also
affected by initial moisture content (Figure 8).
Not only sargassum and rice bran, other
substrate such as oil cakes such as coconut oil
cake sesame oil cake , groundnut oil cake,
palm kernel cake and olive oil cake can be
used to produce amylase in solid state
fermentation (Ramachandran et al., 2004).
They carried out for the production of a-
amylase using Aspergillus oryzae and they
found maximum amylase production was
obtained at moisture content of 64 % moisture.
They also found, except Mn, all other metal
ions such as Ca, K, Na, Mg were inhibitory for
the enzyme activity.
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Cellulase (Unit/g.ds)

60 | 70 | 80 | 90 |100| 60 | 70 | 0 | 90 |100| 60 | 70 | 80 | 90 |100

A. Niger R.oryzae N.crassa

Innoculant and initial moisture content (%)

Figure 9. Comparison of cellulase production as
affected by initial moisture content and inoculant
type. The enzyme activity was determined at 4 days
incubation period, the SSF was at 30 °C.

Cellulase production was also affected by
moisture content (Figure 9). We found 60 %
initial moisture content was optimal for
cellulase production. Higher moisture content
(70 %) was needed to produce highest
cellulase by Trichoderma sp using apple
pomace as substrate (Sun et al., 2010). They
found not only moisture content but also
incubation temperature and inoculum size
influenced the cellulase production. Lactose
and corn-steep solid supplement to the apple
pomace increase enzyme production.

The effect of temperature.

Temperature affected enzyme production.
Maximum enzyme production was achieved at
30 °C (Figure 10). Temperature affect biomass
growth and enzymes activities in solid state
fermentation is well documented (Bellon-
Maurel et al., 2003). We obtained better
biomass growth enzymes activities at 30 °C.
When temperature increased the enzymes
activities was lower (Figure 10). Higher
temperature than 40 °C for phytase production
in solid state fermentation is also possible
(Bhargav et al., 2008). The most important is
how to get good biomass growth and produce
higher hydrolytic enzymes (Hamidi-Esfahani
et al., 2004).
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Phytase (Unit/g.ds)
=)

30°C 5 o o 5 o 30°C

A.Niger R.Oryzae N.Crassa

Innoculant and Temprature

Figure 10. Comparison of Phytase production as
affected by incubation temperature content and
inoculant type. The enzyme activity was
determined at 4 days incubation period, the SSF
was at 25 to 35 °C, with initial moisture content of
60 %.

Higher amylase production was also
observed at 30°C by all cultures (Figure 11).
Depend on isolate for fermentation, amylase
production is optimal at 30 to 40 °C (Francis et
al., 2002; Anto et al., 2006 ; Das et al., 2011).

45 -

4 |

Amylase (Unit/g.ds)

30°C . o . o N 30°C

A. Niger R.Oryzae N.Crassa

Innoculant and Temprature

Figure 11. Comparison of amylase production as
affected by incubation temperature and inoculant
type. The enzyme activity was determined at 4 days
incubation period, the SSF was at 25 to 35 °C, with
initial moisture content of 60 %.

Cellulase production was also affected by
temperature (Figure 12). Optimum
temperature for cellulase production depend
on isolate and culture condition (Mekala et al.,
2008). For instance, high cellulase production
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by Trichoderma reesei RUT C30 was obtained
at 33 °C. While Aspergillus niger produced
highest celluase on Jatropha curcas seed-cake
at 40 °C (Ncube et al., 2012).

45 -

4

35 4

3

2,5 4

2

Cellulase (Unit/g.ds)

1,5 4

1

0,5 -

30°C N o N N o 30°C

A. Niger R.Oryzae N.Crassa

Innoculant and Temprature

Figure 12. Comparison of cellulase production as
affected by incubation temperature content and
inoculant type. The enzyme activity was
determined at 4 days incubation period, the SSF
was at 25 to 35 °C, with initial moisture content of
60 %.

Effect of nitrogen sources

Nitrogen sources affect enzyme production.
Sodium nitrate was the best nitrogen source
for amylase, phytase, and cellulase production.
However the effect of other N-sources yeast
extract, urea and peptone was quite variable.
Nitrogen  supplement  affect  phytase
production. For instance, addition of
ammonium sulphate together with casein, and
glucose increased Phytase production (>85%)
by Mucor and eight Rhizopus strains on canola
meal, coconut oil cake, wheat brand in solid
state fermentation. They use the crude
enzymes directly in animal feed rations with
enhanced cost efficiency (Bogar et al., 2003).
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Phytase (Unit/g.ds)

A. Niger R.Oryzae N.Crassa

Innoculant and nitrogen source

Figure 13. Comparison of phytase production as
affected by nitrogen sources and inoculant type.
The enzyme activity was determined at 4 days
incubation period, the SSF was at 30°C, with initial
moisture content of 60%.

In the case of amylase production, A. niger
was the best isolate for amylase production.
We observed sodium nitrate supplement was
good for A. niger and R. oryzae (Figure 14). A.
niger produce higher a-amylase on mixed
substrate of wheat brand and potato peel +
banana when nitrogen source and the Carbon
source were supplemented to the media
(Shailima Vardhini et al., 2013). In case of R.
oligosporus-ML-10, increased of amylase
production by 70 % obtained when NH;NO;
(0.25 %) and yeast extract (0.25 %)
supplement together with Tween soluble
starch (0.001 %) and asparginine (0.0001 %)
added to enzyme production medium (Gautam
et al.,, 2013). High amylase activity was
obtained using sodium nitrate as N-sources by
A. oryzae in solid-state fermentation using 14
agro-industrial wastes as substrate. Enzyme
production was growth associated and
maximum titers (15,095 U/gds) were obtained
after 72 hours when incubated at 30°C on
wheat bran with initial moisture content, of 60
%; initial medium pH 5.0 (Sivaramakrishnan
et al., 2007).
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Figure 14. Comparison of amylase production as
affected by nitrogen sources and inoculant type.
The enzyme activity was determined at 4 days
incubation period, the SSF was at 30 °C, with
initial moisture content of 60 %.
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Figure 15. Comparison of cellulase production as
affected by nitrogen sources and inoculant type.
The enzyme activity was determined at 4 days
incubation period, the SSF was at 30 °C, with
initial moisture content of 60 %.

Cellulase production by Trichoderma
koningii AS3.4262 on vinegar waste not only
affected by carbon but also nitrogen sources
(Liu & Yang, 2007). Aspergillus niger grown
on Jatropha curcas seed-cake supplemented
with ammonium chloride supplementation did
not increase production of cellulase, but
xylanase was increased by 13 %. In case of
Cellulomonas cellulans grown on waste
materials such as cassava bagasse, pine leaves,
wheat bran and rice bran in solid state
fermentation, addition of nitrogen sources
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such as yeast extract, beef extract, peptone,
malt extract were taken.

Among them, yeast extract was selected the
best nitrogen source for cellulase production.
Maximum production of cellulase was
obtained at an initial moisture content of 80%
with an initial pH of 6 of which implies that
N-species affect hydrolytic enzyme activities
differently (Ncube et al., 2012; Sugumaran et
al., 2013).

Conclusion

Formulated media containing sargassum
and rice bran can be used to produce amylase,
cellulase and phytase. The enzyme production
was affected by particle size, iniatial moisture
content, temperature, and nitrogen sources.
Hence optimum enzyme production in solid
state fermentation could be achieved by
manipulating those factors.

Acknowledgements

This research was under research project
commercial product development of The
Indonesian Institute of Science 2015. | would
like to thank Dr. Lisman Suryanegara of
Research  Center for Biomaterial for
organizing the Research and Riska
Wahyuningtyas for Laboratory analyses.

References

Acharya, P.B., Acharya, D.K., & Ha Modi. (2008).
Optimization for Cellulase Production by
Aspergillus  Niger Using Saw Dust as
Substrate.” African Journal of Biotechnology 7
(22), 4147-4152. d0i:10.5897/AJB08.689.

Anto, H., Ujjval, T., & Kamlesh, P. (2006). Alpha
Amylase Production by Bacillus Cereus MTCC
1305 Using Solid-State Fermentation. Food
Technology and Biotechnology 44(2), 241-245.

Bellon-Maurel, V., Olivier O., & Pierre, C. (2003).
Sensors and Measurements in Solid State
Fermentation: A Review. Process Biochemistry,
38(6), 881-896. doi:10.1016/S0032-
9592(02)00093-6.
http://www.sciencedirect.com/science/article/pii
/S0032959202000936.

Bhargav, S., Panda, M. A., & Javed, D. (2008).
Solid-State Fermentation Systems-an Overview.
Critical Reviews in Biotechnology, 25(1-2): 1-

Annales Bogorienses, Vol 19, No. 2, 2015



30. doi:10.1080/07388550590925383.

Bogar, B., George S., Ashok P., Sabu A., James
C.L, & Robert, P.T. (2003). Production of
Phytase by Mucor Racemosus in Solid-State
Fermentation.” Biotechnology Progress 19 (2):
312-319. d0i:10.1021/bp020126v.

Chang, Ming-hui., Chiu-chung Y., Shiuan-yuh C.,
& Arun, AB. (2008). Expression of
Recombinant Pichia Pastoris X33 Phytase for
Dephosphorylation of Rice Bran Fermented
Liquid. Annals of Microbiology 58 (2): 233-
238. doi:10.1007/BF03175322.

Cunha, FM., Esperanca MN., Zangirolami TC.,
Badino C., & Farinas, CS. (2012). Sequential
Solid-State and Submerged Cultivation of
Aspergillus Niger on Sugarcane Bagasse for the
Production ~ of  Cellulase. Bioresource
Technology 112 (May): 270-4.
doi:10.1016/j.biortech.2012.02.082.
http://www.ncbi.nlm.nih.gov/pubmed/2240997
9.

Das, S., Surendra S., Vinni S., & Manohar, LS.
(2011). Biotechnological Applications of
Industrially  Important Amylase Enzyme.
International Journal of Pharma and Bio
Sciences.

Ebune, A., Al-Asheh S., & Duvnjak, Z. (1995).
Production of Phytase during Solid State
Fermentation Using Aspergillus Ficuum NRRL
3135 in Canola Meal. Bioresource Technology
53 (1): 7-12. doi:10.1016/0960-8524(95)00041-
C.

El-Batal, A.l., & Abdel Karem H. (2001). Phytase
Production and Phytic Acid Reduction in
Rapeseed Meal by Aspergillus Niger during
Solid State Fermentation. Food Research
International 34 (8): 715-720.
d0i:10.1016/S0963-9969(01)00093-X.

Ferrari., A.R., Yasser G., & Marco, W.F. 2014. A
Fast, Sensitive and Easy Colorimetric Assay for
Chitinase and Cellulase Activity Detection.
Biotechnology for Biofuels 7 (1): 37.
doi:10.1186/1754-6834-7-37.
http://www.pubmedcentral.nih.gov/articlerende
r.fcgi?artid=3975300&tool=pmcentrez&rendert
ype=abstract.

Francis, F., Sabu A., Nampoothiri K.M., Szakacs
G., & Pandey, A. (2002). Synthesis of a-
Amylase by Aspergillus Oryzae in Solid-State
Fermentation. Journal of Basic Microbiology
42 (5): 320-326.

Gamarra, N.N., Gretty, K.V., & Gutiérrez-Correa,
M. (2010). Cellulase Production by Aspergillus
Niger in Biofilm, Solid-State, and Submerged
Fermentations. Applied Microbiology and
Biotechnology 87 (2): 545-551.
d0i:10.1007/s00253-010-2540-4.

Garcia-Casal, M. N, José Ramirez, I. L., Pereira
A.C.,, & Maria, F.Q. (2009). Antioxidant
Capacity, Polyphenol Content and Iron

Annales Bogorienses, Vol 19, No. 2, 2015

Bioavailability from Algae (Ulva Sp.,
Sargassum Sp. and Porphyra Sp.) in Human
Subjects. The British Journal of Nutrition 101
(1): 79-85. doi:10.1017/S0007114508994757.

Gautam, B., Tika B.K., & Prakash, P. (2013).
Optimization of Cultural Conditions for Solid
State Fermentation of Amylase Production by
Aspergillus Species.Nepal Journal of Science
and Technology 14 (1): 67-74.

Ghori, M., Sibtain A., Muhammad A.M., & Amer,
J. (2011). Corn Stover-Enhanced Cellulase
Production by Aspergillus Niger NRRL 567.
African Journal of Biotechnology 10 (31):
5878-5886. doi:10.5897/AJB10.2342.

Hamidi-Esfahani, Z., Shojaosadati, S.A., &
Rinzema, A.  (2004). Modelling  of
Simultaneous  Effect of Moisture and
Temperature on A. Niger Growth in Solid-State
Fermentation. Biochemical Engineering
Journal 21 3): 265-272.
doi:10.1016/j.bej.2004.07.007.

Hansen, H. R, B. L. Hector, B.L., & Feldmann, J.
(2003). A Qualitative and Quantitative
Evaluation of the Seaweed Diet of North
Ronaldsay Sheep. Animal Feed Science and
Technology 105 (1-4): 21-28.
doi:10.1016/S0377-8401(03)00053-1.

Kumar, D., Jain V.K., Shanker, G., & Srivastava,
A. (2003). Citric Acid Production by Solid
State Fermentation Using Sugarcane Bagasse.
Process Biochemistry 38 (12): 1731-1738.
doi:10.1016/S0032-9592(02)00252-2.

Kunamneni, A., Kugen, P., & Suren, S. (2005).
Amylase  Production in  Solid  State
Fermentation by the Thermophilic Fungus
Thermomyces  Lanuginosus.  Journal  of
Bioscience and Bioengineering 100 (2): 168-
171. doi:10.1263/jbb.100.168.

Lakshmi, G.S., Chaganti S.R., Ravella S.R., Phil J.
H., & Reddy S.P. (2009). Enhanced Production
of Xylanase by a Newly Isolated Aspergillus
Terreus under Solid State Fermentation Using
Palm  Industrial Waste: A  Statistical
Optimization. Biochemical Engineering Journal
48 (1): 51-57. doi:10.1016/j.bej.2009.08.005.

Latifian, M., Zohreh H.E., & Mohsen, B. (2007).
Evaluation of Culture Conditions for Cellulase
Production by Two Trichoderma Reesei
Mutants under  Solid-State  Fermentation
Conditions. Bioresource Technology 98 (18):
3634-3637. doi:10.1016/j.biortech.2006.11.019.

Liu, J, & Jichu, Y. (2007). Cellulase Production by
Trichoderma Koningii AS3.4262 in Solid-State
Fermentation Using Lignocellulosic Waste
from the Vinegar Industry. Food Technology
and Biotechnology 45 (4): 420-425.

Mekala, N. K., Reeta R. S., Rajeev, K. S., &
Pandey,A. (2008). Cellulase Production under
Solid-State  Fermentation by Trichoderma
Reesei RUT C30: Statistical Optimization of

47



Process Parameters. Applied Biochemistry and
Biotechnology 151 (2-3): 122-131.
d0i:10.1007/s12010-008-8156-9.

Murthy, P. S., Madhava M.N., & Pullabhatla, S.
(2009). Production of Amylase under Solid-
State Fermentation Utilizing Coffee Waste.
Journal of Chemical Technology and
Biotechnology 84 (8): 1246-1249.
doi:10.1002/jcth.2142.

Ncube, T., Rachmond L. H., Emil K. A., Elbert L
Jansen van Rensburg, & Ignatious, N. (2012).
Jatropha Curcas Seed Cake as Substrate for
Production of Xylanase and Cellulase by
Aspergillus Niger FGSCA733 in Solid-State
Fermentation. Industrial Crops and Products 37
(1): 118-123.
d0i:10.1016/j.indcrop.2011.11.024.

Pandey, A. (1991). Effect of Particle Size of
Substrate of Enzyme Production in Solid-State
Fermentation. Bioresource Technology 37 (2):
169-172. doi:10.1016/0960-8524(91)90206-Y.

Pandey, A., Carlos R.S, & David, M. (2000). New
Developments in Solid State Fermentation: I-
Bioprocesses and Products.Process
Biochemistry 35 (10) (July): 1153-1169.
d0i:10.1016/S0032-9592(00)00152-7.
http://linkinghub.elsevier.com/retrieve/pii/S003
2959200001527.

Ramachandran, S., Anil K., Kesavan M.N,,
Sandhya C., George S., Carlos R.S, & Pandey,
A. (2004). Alpha Amylase from a Fungal
Culture Grown on Qil Cakes and Its Properties.
Brazilian Archives of Biology and Technology
47  (2):  309-317.  doi:10.1590/S1516-
89132004000200019.

Raul, D., Tania B., Suchita M.,Shrayan Kumar D.,
& Suvroma G. (2014). Production and Partial
Purification of Alpha Amylase from Bacillus
Subtilis  (Mtcc 121) Using Solid State
Fermentation. Biochemistry Research
International . doi:10.1155/2014/568141.

Rey-Crespo, F., Lopez-Alonso, M., & Miranda, M.
(2014). The Use of Seaweed from the Galician
Coast as a Mineral Supplement in Organic
Dairy Cattle. Animal : An International Journal
of Animal Bioscience 8 (4): 580-6.
d0i:10.1017/S1751731113002474.

Roopesh, K., Sumitra R., K. Madhavan N.K.,
George S., & Pandey, A. (2006). Comparison of
Phytase Production on Wheat Bran and
Oilcakes in Solid-State Fermentation by Mucor
Racemosus. Bioresource Technology 97: 506-
511. doi:10.1016/j.biortech.2005.02.046.

Sathyavrathan, P., & Krithika, S. (2013).
Comparison of Cellulase Production in
Trichoderma Reesei (NCIM- 1052) and
Aspergillus  Niger (NRRL- 322); Media

48

Optimization and Enzyme Characterization of
Cellulase from Trichoderma Reesei with
Lyophilization.” International Journal of
ChemTech Research 5 (1): 554-557.

Shailima Vardhini, R.D., Reddi N., Neelima M., &
Ramesh, B. (2013). Screening and Production
of a-Amylase from Aspergillus Niger Using
Zero Value Material for Solid State
Fermentation.  International  Journal  of
Pharmacy and Pharmaceutical Sciences 5 (1):
55-60.

Singh, N. K., Dharmendra K. J.,, & Raj, K.G.
(2013). Isolation of Phytase Producing Bacteria
and Optimization of Phytase Production
Parameters.”  Jundishapur  Journal of
Microbiology 6 (5). doi:10.5812/jjm.6419.

Sivaramakrishnan, S., Dhanya G., Kesavan M.N.,
Carlos R.S, & Pandey, A. (2007). Alpha
Amylase Production by Aspergillus Oryzae
Employing Solid-State Fermentation. Journal
of Scientific and Industrial Research 66 (8):
621-626.

Sugumaran, K.R., Pavan C.S., & Ponnusami, V.
(2013). Cassava Bagasse: A Potential and Low
Cost Substrate for Cellulase Production in an
Economical Fermentation. Research Journal of
Pharmaceutical, Biological and Chemical
Sciences 4 (2): 1168-1175.

Sun, H., Xiangyang G., Zhikui H., & Ming, P.
(2010). Cellulase Production by Trichoderma
Sp on Apple Pomace under Solid State
Fermentation. African Journal of Biotechnology
9 (2): 164-167. doi:10.5897/AJB09.231.
WO0S:000275381300007.

Wang, Y., Yonggiang C., Kegin O., L. L., &
Jianfen, L. (2008). In Vitro Solubility of
Calcium, Iron, and Zinc in Rice Bran Treated
with Phytase, Cellulase, and Protease. Journal
of Agricultural and Food Chemistry 56 (24):
11868-11874. doi:10.1021/jf8028896.

Williams, A., & Rusty, F. (2010). Sargassum as a
Natural Solution to Enhance Dune Plant
Growth. Environmental Management 46 (5):
738-747. d0i:10.1007/s00267-010-9558-3.

Yu, J., Xu Z., & Tianwei, T. (2008). Ethanol
Production by Solid State Fermentation of
Sweet Sorghum Using Thermotolerant Yeast
Strain. Fuel Processing Technology 89 (11):
1056-1059. doi:10.1016/j.fuproc.2008.04.008.
http://dx.doi.org/10.1016/j.fuproc.2008.04.008.

Zhang, C., Xin H. X, & Min S.L. (2004).
Production of Multienzymes Consisting of
Alkaline Amylase and Cellulase by Mixed
Alkalophilic Culture and Their Potential Use in
the Saccharification of Sweet
Potato.Biochemical Engineering Journal 19 (2):
181-187. d0i:10.1016/j.bej.2004.01.001.

Annales Bogorienses, Vol 19, No. 2, 2015





