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a-amylase is the most important industrial enzyme, which hydrolyze starch molecules. Solid state fermenta-
tion was carried out using orange peel as a substrate for the production a-amylase by Aspergillus niger. Sub-

strate was fermented anaerobically for different days and then used for production of a-amylase by Aspergillus niger. The
produced a-amylase showed the activity 53.72 U/ml/min for unfermented substrate and it has been increased to 1128.2 U/
ml/min for 4 days fermented substrate .After purification of a-amylase the activity has been increased to 1968.8 U/ml/min

for the precipitation and it was further increased to 2608.5 U/ml/min for dialysis.

INTRODUCTION:

Alpha-amylase (EC 3.2.1.1) is an extracellular hydrolase,
which cleaves internal a-1,4- glycosidic linkages in starch to
produce glucose, maltose, or dextrins, and glucoamylase (EC
3.2.1.3), which cuts a-1,4- and a-1,6-glycosidic linkages to
release glucose from the nonreducing ends of starch (Najafi
& Kembhavi, 2005). Amylases are one of the most important
industrial enzymes that have a wide variety of applications
ranging from conversion of starch to sugar syrups, to the pro-
duction of cyclodextrins for the pharmaceutical industry and
also have potential applications in food, fermentation, and
textile industries (Van der Maarel et al, 2002; Monga et al,
2011). Amylases have been most widely reported to occur in
microorganisms, although they are also found in plants and
animals. Microbial production of amylase is more effective
than that of other sources as the technique is easy, cost effec-
tive, fast and can be modified to obtain enzymes of desired
characteristics. The microbial amylases could be potentially
useful in various pharmaceutical, fine-chemical industries etc
(Ashwini et al, 2011). The main microbial sources for amyl-
ase production are Bacillus species (Nurmatov et al, 2001;
Deutch, 2002)and Asperigillus species (Gigras et al, 2002;
Goto et al, 1998). Solid state fermentation (SSF) and sub-
merged fermentation (SMF) can be used for the production
of these amylases. Solid state fermentation holds tremen-
dous potential for the production of alpha amylase. It can be
of special interest in those processes where crude fermented
product may be used directly as a source of enzyme (Pandey
et al, 2000). Selection of suitable substrates for SSF has main-
ly been centered around agro-industrial residues or solid bio-
wastes due to their potential advantages for filamentous fun-
gi, which are capable of penetrating into the hardest of these
solid substrates, aided by the presence of turgor pressure at
the tip of the mycelium (Ramachandran et al, 2004). The main
objective of the present studly is to utilize fermented orange
peel powder for amylase production by Aspergillus niger.

MATERIALS AND METHODS:

Substrate:

Orange peels were collected from local market in Visakhapa-
tnam, Andhra Pradesh. and fermented in anaerobic condi-
tions. The fermented Orange peel is ground and stored in
anaerobic conditions. The powder sample is used as sub-
strates for amylase production.

Organism:
Fungal culture Aspergillus niger was maintained on potato

dextrose agar (PDA) slants. The slants were grown at 30% for
5 days and stored.

Inoculum preparation:

10 mL of sterilized distilled water was added to a sporulated
4 days old PDA slant culture. An inoculums needle was used
to dislodge the spore clusters under sterilized conditions
and then it was shaken thoroughly to prepare homogenized
spore suspension.

Preparation of Mineral salt solution:
10 g KH,PO, , 2g MgSO, ,2g NaCl and 0.5 g MnSO, were
mixed in 1 liter standard flask.

Solid state fermentation:

10 g fermented orange peel powder for five different days
and 10g of non fermented orange peel powder were amend-
ed with 10 mL of mineral salt solution was taken in Six differ-
ent 250 mL cotton plugged Erlenmeyer flasks, mixed homog-
enously and sterilized at 121°C for 15 min in an autoclave.
Thereafter, the flasks material was cooled at room tempera-
ture and inoculated with 1 mL spore suspensions of Aspergil-
lus niger. The flasks were then incubated at 30°C for 4 days.

Enzyme recovery:

After the specified incubation period, 50 mL of distilled wa-
ter was added in each flask containing fermented mash and
placed on a shaker at 200 rpm for 60 min. Afterward, the
mixture was filtered and centrifuged at 10,000 rpm for 15 min
at 4°C to remove the fungal spores and unwanted particles.
The clear supernatant thus obtained after centrifugation was
used as a source of crude enzyme (Irfan et al, 2012).

Amylase assay:

a-Amylase activity was determined by incubating a mixture
of 0.5 mL of each enzyme source and 1 % soluble starch
dissolved in 0.1 M phosphate buffer, pH=7, at 55 °C for 15
min. The reaction was stopped by adding 1 mL of 3,5-di-
nitrosalicylic acid, then followed by boiling for 10 min. The
final volume was made up to 12 mL with distilled water and
the reducing sugar released was measured at 540 nm. One
unit (U) of a-amylase activity was defined as the amount of
enzyme that releases 1 pmol of reducing sugar as maltose
per minute. Amylase activity was measured in U/ml/min by
applying the standard formula (Hema et al, 2006; Madiha et
al, 2012).
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Enzyme Purification:

The crude fermented broth containing amylase enzyme was
subjected to the following purification steps: (NH,),SO, pre-
cipitation and dialysis (Tahar et al, 2010).

Ammonium sulphate precipitation:

Crude enzyme that was obtained after 4 days fermentation
was saturated to about 30 — 50% with ammonium sulphate
((NH,),SO,). The precipitate was removed by centrifugation
at 10,000 rpm for 10 minutes and then ammonium sulphate
was added to supernatant for 50 -60% saturation. The pre-
cipitate obtained was dissolved in 0.1M phosphate buffer at
p" 6.0 and stored.

Dialysis against phosphate buffer:

This Process is carried out to remove the excess amount of
salt present in ammonium sulfate precipitate solution. 5 ml
of Precipitate solution was introduced into dialysis bag and
dialyzed against distilled water for 3 h, followed by dialysis
against 0.1M phosphate buffer at pH 6.2 with continuous
stirring at 4°C. The obtained a-amylase enzyme preparation
was concentrated against crystals of sucrose and kept in the
refrigerator at 5°C.

RESULTS AND DISCUSSIONS:

Amylase production:

Aspergillus species are considered to be the vital sources
of a-amylase production using SSF. Five Samples of orange
peel was kept for fermentation for five individual days and
then ground. Fermented sample was used as substrate for
a-amylase production by SSF using Aspergillus niger. The
produced a-amylase showed the activity 53.72 U/ml/min
for unfermented substrate and it has been increased to
1128.2 U/ml/min for 4 days fermented substrate. Maximum
a-amylase activity was shown for 4 days fermented substrate
amongst six different substrates (1 unfermented substrate +
5 fermented substrates) and the activity decreased to 901.6
U/ml/min for 5 days fermented substrate.

Table 1: Amylase production by different substrate fer-
mentation times:

Sino |Substrate fermentation time  |a-amylase activity
' (days) (U/ml/min)
1 0 (un fermented) 53.72
2 1 152.4
3 2 232.8
4 3 781.1
5 4 1128.2
6 5 901.6
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Figure 1: Amylase activity at different substrate fermenta-
tion time
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Enzyme Purification:

The crude a-amylase enzyme produced from 4 days fer-
mented substrate was subjected to the following purification
steps: (NH4)2SO4 precipitation and dialysis.

The first step in purification was conventional ammonium sul-
phate fractionation. The fraction (50 - 60%) saturation of am-
monium sulfate revealed increase in a-amylase activity from
1128.2 U/ml/min to 1968.8 U/ml/min. The precipitate solu-
tion from the first step was subjected to dialysis, the second
step of purification and it is dialyzed against 0.1M phosphate
buffer for 5 hours. The resulted purified sample from dialysis
was showed the activity as 2608.5 U/ml/min. The a-amylase
activity for the precipitation as 1968.8 U/ml/min and it was
increased to 2608.5 U/ml/min for dialysis. The results were
shown in Table 2 and Figure 2.

Table 2 Effect of purification steps on amylase activity

Purification step Volume (ml) ?L]?m?}lﬁqsiﬁ)adi"ity
Culture supernatant 50 1128.2
((NH,).SO, precipitation [10 1968.8
Dialysis 10 2608.5
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Figure 2: Amylase activity after purification

CONCLUSION:

a-amylase is one of the most important enzymes known
and is of great significance having approximately 25 % of
enzyme market. It has potential applications in food, phar-
maceutical and fine chemical industries. The present study
reports the biological production of amylase by Aspergil-
lus niger using fermented orange peel as a substrate. The
produced a-amylase showed the activity 53.72 U/ml/min for
unfermented substrate and it has been increased to 1128.2
U/ml/min for 4 days fermented substrate .After purification
of a-amylase the activity has been increased to 1968.8 U/
ml/min for the precipitation and it was further increased to
2608.5 U/ml/min for dialysis. The present study also stated
that solid bio wastes such as orange peel can be used as po-
tential substrates for the production of a-amylase.
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