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KEYWORDS Abstract Amylolytic bacterial isolates were obtained by starch-agar plate method from municipal
Bacillus sp.; solid wastes. Six amylolytic bacteria were isolated and the best two isolates, named as DY and W1,
Characterization; were selected based on clear zone ratio. The 16S rDNA sequence analysis identified DY and W1
Chryseobacterium sp.; isolates as Chryseobacterium sp. and Bacillus sp., respectively. Amylase production was optimized
Extracellular amylase; using basal media. The maximum level of amylase production was achieved from Chryseobacterium
Kitchen wastes; and Bacillus isolates after 60 h and 48 h of cultivation, respectively. The optimal temperature, initial
Production optimization pH of the media, agitation and inoculum size were determined for the both isolates. Increased amy-

lase production was observed when basal media were substituted with organic carbon and nitrogen
sources. The optimum pH and temperature for amylase activity of the crude amylase of
Chryseobacterium sp. were 5.0 and 50 °C, respectively and those of amylase from Bacillus sp. were
pH 7.0 and 50 °C, correspondingly. The crude amylase from the Chryseobacterium sp. was stable at
pH 5.0-6.0 and up to 40 °C but that from Bacillus sp. was stable at pH 7.0 and up to 30 °C.
Amylases from both the isolates lost ~50% activity when stored at room temperature for two days.
Under the optimized fermentation conditions both Chryseobacterium and Bacillus isolates produced
almost the similar amount of amylase with organic kitchen wastes compared to the basal media.
Results reported herein support the notion that Chryseobacterium sp. and Bacillus sp. can be used

to produce industrially important amylases by utilizing organic kitchen wastes.
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1. Introduction

Among the most important biotechnologically important
industrial enzymes, amylases (especially a-Amylases,
E.C.3.2.1.1) play a great role as it has multiple applications
in various industries such as dairy, soft drinks, chocolates,
pharmaceuticals, food processing, leather, textile, paper, wine,
meat, fish processing and many others [1]. a-Amylases degrade
starch by the hydrolysis of internal o-1,4 and a-1,6-glycosidic
linkages to produce smaller carbohydrates such as glucose,
maltose and maltotriose units [2]. In starch processing indus-
try, a shift from the acid hydrolysis of starch to enzymatic
digestion was notable in the last century [3]. Amylases are
found in microbes, plants and animals but industrially impor-
tant commercial enzymes are produced from microbes [3].
Among all sources of amylase, bacteria are the most significant
because of the limited space and short period of time
required for their cultivation and their feasibility to genetic
manipulation [4,5]. Several different microorganisms are
reported to produce extracellular amylases [6-9]. Commer-
cially a-amylases are mainly produced from the genus Bacillus.
Among many species, Bacillus subtilis, B. stearothermophilus,
B. licheniformis and B. amyloliquefaciens are reported exten-
sively as industrial amylase producers [6,7,10]. However, there
are very few reports on Chryseobacterium sp. as amylase pro-
ducers. Recently it has been shown that this bacterial species
has the capacity to utilize raw organic materials, mung bean,
to produce extracellular amylases [11].

Reports on using waste organic matter for the production
of different industrially important enzymes had shown increas-
ing trends lately [7-9,12]. In general, commercial carbon and
nitrogen sources are used for the production of amylase by
bacteria. To cut the cost, the use of organic waste matter might
be a potential alternative to commercial carbon and nitrogen
sources. A decade ago, about 7690 tons of municipal solid
wastes (MSW), to which kitchen wastes are the chief source
as organic matters, were generated per day in the six major
cities of Bangladesh [13]. Based on these data, it is predicted
that ~47,000 tons of wastes will be produced per day by
2025 due to the rapid urbanization and economic growth in
Bangladesh. About 75% constituent of the MSW in Bangla-
desh are organic that comprises mainly carbohydrates, pro-
teins, peptides, fatty acids and their esters. Thus the organic
materials of kitchen wastes can be used as raw materials for
fermentation to produce many pure and fermented products
[12,14,15]. The use of waste materials has potentials as the
Bangladesh government has taken steps to implement national
3R strategy for waste management including “reducing
waste”, “‘reusing”, and “‘recycling resources”.

Currently, industrial enzymes are not produced commer-
cially in Bangladesh. As a result, tons of different commercial
enzymes are imported every year to fulfill the demand of local
industries [12]. As Bangladesh local industrial sectors tend to
rise with significant growth rate since last 10 years, it is a
demand of time to produce industrial enzymes locally that help
to cut the production price greatly and boost export [16]. To
develop a high amylase yielding bacterial cell lines, we herein
isolated amylolytic bacteria from MSW, screened for higher
amylase producers, identified them based on 16S rDNA
sequences, optimized amylase production conditions and
finally, produced extracellular amylases using kitchen wastes.

Data reported herein suggested the notion that amylases can
be produced from bacterial isolates, Chryseobacterium sp.
and Bacillus sp., by using kitchen wastes as cheap raw
materials.

2. Materials and methods

2.1. Isolation and screening of amylolytic bacterial isolates from
MSW

To get superior amylolytic bacterial isolates, we have collected
MSW from six different municipal dustbins situated in
Chittagong and Cox’s Bazar municipalities, Bangladesh.
Collected MSW samples were sealed in sterile zipper bags
and labeled. All samples were brought in the Molecular
Biology Laboratory of the department of Genetic Engineering
and Biotechnology, University of Chittagong, Bangladesh, by
maintaining cold chain and stored in the refrigerator for
further analysis.

Amylolytic bacteria were isolated from MSW as described
earlier [12]. In brief, 1 g of the MSW was suspended in 9 mL
of sterile distilled water. After a serial dilution (107! to 107%)
of this suspension with sterile distilled water, 50 pL from each
diluted suspension was spread on starch agar plates (0.5% pep-
tone, 0.3% beef extract, 2.0% soluble starch, 1.5% agar; pH
7.0). Plates were incubated at 37 °C for 24 h. For the enrich-
ment of amylolytic bacterial isolates, pure bacterial colonies
appeared on starch agar were further sub-cultured in the same
media. Cultural characteristics of the pure isolates were
observed.

The bacterial isolates were subjected to plate assay for
screening the best amylolytic strain based on the clear zone
ratio. In plate assay, starch agar plates containing the bacterial
isolates were flooded with Gram’s iodine (1% lodine, 2% KI)
solution for 1 min and then discarded. The presence of clear
zone around a colony indicated its starch hydrolyzing ability
whereas blue color around a colony indicated an inability to
degrade starch. The higher the clear zone ratio (the ratio of
clear zone diameter to bacterial colony diameter), the higher
ability to produce extracellular amylases was indicated [12,17].

2.2. 16S rDNA sequencing of the bacterial isolates

Genomic DNA was extracted from the selected amylolytic
bacterial isolates using Favorgen Cultured Cell Genomic
DNA Extraction Mini Kit in accordance with the manufac-
turer instruction (Favorgen® Biotech Corp., Taiwan). The
16S rDNA amplification was carried out in a thermal cycler
SimpliAmp™ (Thermo Fisher Scientific Inc; USA) using uni-
versal 16S rDNA specific primer pair 5- AGA GTT TGA
TCC TGG CTC AG-3 (forward) and 5- ACG GCT ACC
TTG TTA CGA CTT-3' (reverse) [18]. Amplification reactions
were performed in a total volume of 25 ul containing 1 pl of
each 5 uM primer, 2 pl of template DNA (<250 ng), 12.5 ul
of 2x G2 hot start colorless master mix (Promega, Madison,
WI, USA) and 8.5 pl of nuclease free water. The thermocycler
was programmed for 1 cycle at 94 °C for 2 min; 35 cycles at
94 °C for 30 s, at 55 °C for 30 s and at 72 °C for 2 min; 1 cycle
at 72 °C for 10 min. The PCR products were purified from
agarose gel by FavorPrep™ Gel/PCR Purification Mini Kit
(Favorgen® Biotech Corp., Taiwan) and sequenced by a
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DNA sequencer (Model 3130, ABI Automated Genetic Ana-
lyzer, Hitachi, Japan).

The 16S rDNA sequences were analyzed using a free com-
puter program Chromas 2.6.2. 16S rDNA sequence of each
bacterial isolates was subjected to NCBI BLAST (https://
www.ncbi.nlm.nih.gov/blast/) against 16S ribosomal RNA
sequences to get most similar sequences. The top matched
sequences were retrieved to construct multiple sequence align-
ment using “Clustal Omega” (www.ebi.ac.uk/Tools/msa/clus-
talo/). Phylogenetic trees from multiple sequence alignment
(statistical method: maximum likelihood method; test of phy-
logeny: no. of bootstrap replications 500) were constructed
using MEGA version 7 [19].

2.3. Crude amylase production

A basal media (1% KH,PO,, 0.25% Na,HPO,, 0.1% NaCl,
0.2% (NH4)2SO4, 0.005% MgS0O4.7H,0, 0.005% CaCl,,
0.2% tryptone, 1% soluble starch; pH 7.0) was used for amy-
lase production. For bacterial seed culture, a freshly grown iso-
lated colony was inoculated in 10 mL basal media and
incubated at 37 °C and 150 rpm for 20 h. One mL of the cul-
ture was then inoculated into 49 mL production medium in a
250 mL conical flask and incubated at 37 °C and 150 rpm for
72 h. The cell-free supernatant obtained by centrifugation at
10,000 rpm for 15 min at 4 °C was used for determining the
amylase activity or further study.

2.4. Amylase assay

Amylase activity was determined using soluble starch (1%
w/v) as substrate dissolved in 0.05 M sodium phosphate buffer
(pH 6.5) as described previously by Gomes et al. [20]. The final
reaction mixture, prepared by adding 1.8 mL starch solution
and 0.2mL enzyme solution, was incubated at 50 °C for
10 min. The reaction was stopped by adding 3 mL dinitrosali-
cylic acid (DNS). The amount of reducing sugar released was
determined by taking absorbance at 540 nm with a UV-visible
spectrophotometer (Model no. UV-1800; Shimadzu Corpora-
tion, Japan) as described by Miller [17,21]. One unit of amylase
activity denotes the amount of enzyme required for releasing
1 pg of reducing sugar (maltose) per minute under assay con-
ditions. The activity of the enzyme was calculated by using fol-
lowing formula [17].

Amylase activity (U/ml/min) =

having different initial pH (6.5, 7.0, 7.5, 8.0, 9.0, and 10.0)
and incubated at 37 °C and 150 rpm for optimum cultivation
period for a specific isolate. The effects of cultivation temper-
ature on amylase production were investigated by culturing the
bacteria in the basal media at different temperatures i.e. 30 °C,
35°C, 37 °C, 40 °C, and 45 °C for optimum cultivation period.

2.6. Effect of carbon and nitrogen sources on amylase production

Effects of various carbon and nitrogen sources were deter-
mined by supplementing the basal media with 1% different
carbon sources (glucose, sucrose, lactose, and wheat flour)
for amylase production under optimized culture conditions.
To investigate the effects of different nitrogen sources, 0.2%
w/v yeast extract, peptone, tryptone, beef extract, and casein
were added to the basal media in separate experiments under
optimized culture conditions.

2.7. Effects of the temperature and pH on amylase activity and
stability

To investigate the effects of temperature on amylase activity,
amylase assay was done at temperature 30-70 °C in the water
bath. The thermostability of amylase was studied by treating
the crude amylase at different temperatures as indicated for
2 h. The residual amylase activities were determined as men-
tioned above.

Effects of pH on amylase activity were observed by con-
ducting amylase assay with buffers of different pH (4.0-8.0)
in which 1% soluble starch solutions were prepared. The pH
stability of amylase was studied as previously described
[12,22]. Each 1 mL of crude amylase was treated for 2 h with
I mL of different buffers covering the range of pH 4.0-8.0.

2.8. Determination of reaction time and storage stability of
crude amylase

To optimize the enzyme-substrate reaction time, the enzyme
assay was carried out at different reaction times ranging from
5 to 30 min in a water bath under optimum reaction tempera-
ture and pH.

To determine the storage stability of crude amylases, the
enzyme solution was stored at room temperature for 6 days
and amylase activity was measured after 2 day intervals.

Maltose released (pg) x Total volume of reactive media (mL) x Dilution factor (DF)

2.5. Optimization of culture conditions for amylase production

To find the optimum incubation period for amylase produc-
tion, bacterial isolates were inoculated to production media
and incubated at 37 °C and 150 rpm. Fermentation was carried
out for 72 h and sample was withdrawn 6 h intervals after 24 h
of cultivation to monitor the amylase activity and growth.
To study the effects of different initial pH of media on amy-
lase production, isolates were inoculated in the basal media

Molecular weight of maltose x Enzyme used (mL) x Time of incubation (min)

2.9. Formulation of kitchen waste media for amylase production

To investigate the capacity of isolated bacteria to utilize the
organic materials of kitchen wastes, a media were formulated
that consisted of the peels of vegetables from kitchen wastes.
The vegetables’ peels from kitchen wastes were then blended
and used as carbon source to develop a kitchen waste media.
The composition of the kitchen waste media was 2% kitchen
waste, 0.1% NaCl, 0.2% (NH4)>SOy4, 0.005% MgSO4-7H,0,


https://www.ncbi.nlm.nih.gov/blast/
https://www.ncbi.nlm.nih.gov/blast/
http://www.ebi.ac.uk/Tools/msa/clustalo/
http://www.ebi.ac.uk/Tools/msa/clustalo/

62

M.M. Hasan et al.

and 0.005% CaCl,. The pH of the kitchen waste media was
adjusted to 8. After sterilization, this medium was inoculated
with isolated bacteria and fermentation was carried out under
optimized conditions. Finally, the amylase activities were
determined as mentioned above.

2.10. Statistical analysis

Student’s t-test was performed for statistical analysis by using
IBM SPSS Statistics 20 computer program. A P value of
<0.05 was considered to be statistically significant. Data were
presented as the means + standard errors of the means (SEM)
of at least three independent experiments, or as noted in the
figure legends.

3. Results and discussion

3.1. Isolation, screening, and identification of amylolytic
bacteria

We used enrichment technique to isolate amylolytic bacteria.
For isolation of bacterial isolates having specific characteris-
tics, enrichment culture was highly recommended [23,24]. After
inoculating the MSW suspension on starch agar, isolated colo-
nies were obtained. To enrich amylolytic bacteria, all the iso-
lated colonies were further sub-cultured on starch agar to
obtain pure cultures (Fig. 1). These pure cultures were further
subjected to plate assay by flooding them with Gram’s iodine
and the ratio of clear zone was determined. Only six bacterial
isolates were selected as potential producer of amylase and
named as DY, TY, W1, W2, W3, and W4. Isolates DY and
W1 were the best amylase producers with clear zone ratio of
2.2 and 2.1, respectively. All other isolates had the clear zone
ratio below 2. Any bacterial isolates having clear zone ratio

2 or more reported as potential producers of extracellular
enzymes or proteins [12]. Based on the clear zone ratio, DY
and W1 were selected for further experiments (Fig. 1).

The 16S rDNA was amplified by PCR from the genomic
DNA extracted from DY and W1 isolates and sequenced.
The 16S rDNA sequences of DY (758 bp) and W1 (1082 bp)
isolates were deposited to NCBI GenBank with the accession
no KY203904 and KY203905, respectively. BLAST similarity
search and the phylogenetic analysis revealed that the DY and
W1 isolates were closely related to Chryseobacterium sp. and
Bacillus sp., respectively (Fig. 2). The use of 16S rDNA
sequence in the characterization of microorganisms is more
dependable and sensitive than culture-dependent techniques
alone and the results obtained in this investigation are consis-
tent with other related studies [11,17,22,25]. The amylase pro-
ducing ability of Bacillus sp. was highly reported in the
literature and used tremendously in industrial production of
amylases [5,10]. There were very few reports on Chryseobac-
terium sp. as amylase producers. However Chryseobacterium
sp. in our study showed higher clear zone ratio in plate assay
compared to that of Bacillus isolate (Fig. 1). In the present
study, we therefore, performed the comparative study between
a Bacillus and a Chryseobacterium isolate.

3.2. Optimization of amylase production conditions

To get the maximum production of amylase, fermentation
conditions were optimized as these were important for growth
and extracellular enzyme production of microbes [26].
Cultivation period plays a vital role in the maximum amylase
production [27]. The time course study in the basal media
showed that the incubation period for optimum production
of amylase was 60 h and 48 h for Chryseobacterium sp. and
Bacillus sp., respectively. Growth analysis with the optical den-
sity from the same experiment revealed that Chryseobacterium

A

9 I 10 I
w3 W4

7, .
W1 w2

B

Fig. 1

Isolation of amylolytic bacteria from MSW. (A) Amylolytic bacteria enriched in starch-agar plates (1-4) and pure cultures of

different isolates are shown (5-10). DY (5), TY (6), and W1-W4 (7-10) isolates were selected as potential strains for amylase production.
(B) Amylase activity of the selected six isolates was observed on starch agar-plate which was flooded with Gram’s iodine solution. *

indicated the isolates having clear zone ratio above 2.
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Bacterial species Accession
DY (Chryseobacterium sp.) KY203904
0 Chryseobacterium gleum strain CCUG 14555 NR_042506
0 Chryseobacterium gleum strain NBRC 15054 NR_113722
Chryseobacterium aquifrigidense strain CW9 NR_044334
Chryseobacterium contaminans strain C-26 NR_133725
Chryseobacterium vietnamense strain GIMN1.005 NR_117832
Chryseobacterium bernardetii strain G229 NR_126254
! 0 Chryseobacterium indologenes strain NBRC 14944  NR_112975
Chryseobacterium tructae strain 1084-08 NR_108531
Chryseobacterium culicis strain R4-1A NR_117008
0 Chryseobacterium rhizoplanae strain JM-534 NR_134711
Chryseobacterium joostei strain LMG 18212 NR_025387
0 Chryseobacterium ureilyticum strain F-Fue-O4lllaaaa NR_042503
’ , Chryseobacterium jejuense strain JS17-8 NR_044300
Chryseobacterium nakagawai strain G41 NR_126257
0 Chryseobacterium lactis strain KC1864 NR_126256
0 Epilithonimonas xixisoli strain S31 NR_134025
Planobacterium taklimakanense strain X-65 NR_044561
0 Chryseobacterium gregarium strain P 461/12 NR_042647
0 Chryseobacterium tacanense strain NBRC 100863  NR_113951
0 Chryseobacterium taeanense strain PHA3-4 NR_043254
Cloacibacterium haliotis strain WB5 NR_125655
0 Riemerella anatipestifer strain DSM 15868 NR_074429
Riemerella columbipharyngis strain 8151 NR_117970
Bacillus manliponensis strain BL4-6 NR_125530
Bacillus pseudomycoides NR_114422
Bacillus pseudomycoides strain NBRC 101232 NR_113991
W1 (Bacillus sp.) KY203905
Bacillus cytotoxicus strain NVH 391-98 NR_074914
Bacillus gaemokensis strain BL3-6 NR_116644
Bacillus mycoides strain NBRC 101228 NR_113990
() Bacillus weihenstephanensis strain DSM 11821 NR_024697
) Bacillus mycoides strain ATCC 6462 NR_115993
Bacillus mycoides strain 273 NR_036880
29 S Bacillus thuringiensis strain NBRC 101235 NR_112780
Bacillus thuringiensis strain ATCC 10792 NR_114581
Bacillus toyonensis strain BCT-7112 NR_121761
Bacillus thuringiensis strain IAM 12077 NR_043403
Bacillus cereus strain IAM 12605 NR_115526
Bacillus cereus strain ATCC 14579 NR_114582
Bacillus cereus strain NBRC 15305 NR_112630
Bacillus cereus strain CCM 2010 NR_115714
Bacillus cereus ATCC 14579 NR_074540
Bacillus cereus strain JCM 2152 NR_113266

Fig. 2 Phylogenetic relationship of Chryseobacterium sp. (isolate DY) and Bacillus sp. (isolate W1) with other Chryseobacterium and

Bacillus species.

sp. and Bacillus sp. showed maximum OD 600 nm after 60 h
and 48 h of cultivation, respectively (Fig. 3). A positive corre-
lation between growth and amylase activity for both strains
was observed indicating that the amylase production was
growth associated for the both isolates. According to the pre-
vious reports, different species of Bacillus have shown similar
cultivation period of 48 h [17,22.27] whereas Chryseobacterium
sp. took 72 h for maximum amylase production [11].

The optimum temperature for growth and amylase produc-
tion was determined by incubating Bacillus sp. and
Chryseobacterium sp. isolates in the basal medium at different
temperatures (3045 °C) for optimum cultivation period. It
was found that the both isolates were able to produce amylase
between 30 and 45 °C but maximum amylase production was
observed at 37°C for both Chryseobacterium and Bacillus
isolates (Fig. 4A). The experiments with the initial pH of the
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Fig. 3 Time course study of amylase production and growth of Chryseobacterium sp. (A) and Bacillus sp. (B) in the basal media. The
fermentation at shake flask was carried out at 37 °C for 72 h at 120 rpm. The initial pH of the media was adjusted to 7.0.
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Fig. 4 Effects of temperature (A) and pH (B) on amylase production by Chryseobacterium and Bacillus isolates. The shake flask
fermentation was carried out at different temperatures (A) and pH (B) as indicated at 120 rpm for the optimum cultivation period for
amylase production. The initial pH of the basal media in (A) was adjusted to 7.0.

production media showed that amylase production was sup-
ported by a wide range of pH with the peak at pH 8.0 for
the both isolates. (Fig. 4B). These observations were similar
with previous reports for both the Chryseobacterium sp. and
Bacillus sp. [11,17,22].

3.3. Effects of inoculum size, agitation, carbon, and nitrogen
sources on amylase production

The effects of inoculum size (v/v) and agitation on amylase
production were investigated. Maximum amylase production
was obtained with 2% inoculum of the both isolates. Further
increase in inoculum size causes the reduction in amylase pro-
duction (Fig. 5A). It was previously reported that Bacillus

amyloliquefaciens showed maximum amylase production with
1% inoculum [22]. The decrease in amylase production with
the increase in the percentage of inoculum might be due to
the initial rapid growth of bacterium and lack of sufficient
nutrient available in the medium for higher volume of bacteria.
Our study just replicated previous results about the negative
effects of high inoculum size to extracellular amylase produc-
tion [22,28]. Optimum amylase production was obtained at
120 rpm for the both isolates. Further increase in agitation
decreased in amylase production might be due to cell lysis at
higher agitation (Fig. 5B). Previous reports showed that Bacil-
lus produced maximum amylase at 120—150 rpm [17,22,27].
The carbon and nitrogen sources in bacterial media play
important roles for the production of extracellular enzymes



Production of amylases by using organic kitchen wastes

65

A

4.50
4.00 ;_

e s,
3.50 A RS
3.00 "_..."/ -,.‘.. ol
2.50 & '
2.00 Lo ooreeeee

150 g =- =7 T - Chryseobacterium sp.
1.00 -+ Bacillus sp.
0.50

0.00

Amylase activity (U/ml/min)

1% 1.50% 2%
Inoculum volume (%)

2.50%

a

8.00

7.00

6.00 m Chryseobacterium sp.
5.00 O Bacillus sp.
4.00
3.00
2.00

1.00
0.00 .--I

Starch

Amylase activity (U/ml/min)

Glucose  Sucrose  Lactose Wheat flour
Carbon sources

Fig. 5

4.5

4
3.5 = %— Ry

as | .- j "3 ‘.

1.5 = &= Chryseobacterium sp.
1 -k Bacillus sp.

0.5

Amylase activity (U/ml/min)

100 110 120 130 140
Agitation (rpm)

=)

6.00

m Chryseobacterium sp.

5.00 0 Bacillus sp.

4.00

3.00

2.00

1.00

Amylase activity (U/ml/min)

0.00
Beef extract Tryptone  Peptone Yeast Extract Casein

Nitrogen sources

Effects of inoculum volume (A), agitation (B), carbon (C), and nitrogen sources (D) on amylase production. Shake flask

fermentation was carried out at optimum growth conditions for Chryseobacterium and Bacillus isolates.

[27,29.30]. To determine the effects of various carbon sources
on amylase production, the fermentation at shake flask culture
was carried out by setting optimum conditions and substitut-
ing carbon source of the basal media. Glucose was found to
be the best carbon source for the extracellular production of
amylase by Chryseobacterium sp. whereas Bacillus sp. utilized
soluble starch (Fig. 5C) for maximum production of amylase.
Both of the isolates produced a reasonable amount of amylase
by utilizing wheat flour. The utilization of soluble starch by
Bacillus sp. and the moderate utilizing ability of complex sub-
strate like flour were reported previously [22,30]. Lactose was
the least suitable for the amylase production by the both iso-
lates (Fig. 5C). Based on data reported herein, glucose was
considered as the best carbon source for Chryseobacterium
sp. for amylase production.

The effects of nitrogen sources on amylase production by
the both bacterial isolates were determined by using different
organic nitrogen sources with basal media. Among different
organic nitrogen sources, peptone was the most stimulatory
for maximum amylase production by both Chryseobacterium
sp. and Bacillus sp. whereas casein was found as the least stim-
ulatory among the nitrogen sources tested. Chryseobacterium
and Bacillus isolates produced 2.5-fold and 4-fold more amy-
lase with peptone when compared with casein, respectively
(Fig. SD). The beef extract was also found as a potential nitro-
gen source for amylase production by the both isolates. Tryp-
tone, peptone, and casein were reported as good sources for
the production of extracellular amylase [22,31].

3.4. Partial characterization of crude amylase produced by
Bacillus and Chryseobacterium isolates

3.4.1. Effects of pH, temperature, and time on amylase activity

The optimum pH for amylase activity was estimated and the
enzymes from Chryseobacterium sp. showed maximum activity
at pH 5.0 whereas that from Bacillus sp. showed maximum
activity at pH 7.0 (Fig. 6A). According to Divakaran et al.
amylases from Bacillus showed maximum activity at pH 7
[32]. Tt is in good agreement with our results. Wang et al. found
that a-amylase from Chryseobacterium taeanense TKU001 was
active at pH 9.0 [11]. However, our study revealed that the
Chryseobacterium isolate in the current study might be novel
and acidic a-amylase producer. The optimum reaction time
of the enzyme solution was studied. Amylases from Chry-
seobacterium sp. and Bacillus sp. showed maximum activity
after 15 min and 20 min of reaction, respectively (Fig. 6B).
Amylase activity was determined at different temperatures
(30-70 °C). Amylases from Chryseobacterium and Bacillus iso-
lates showed maximum activity at 50 °C (Fig. 6C). However,
amylase from the both sources was active within 30-70 °C.
The similar reports have been done [11,33].

3.4.2. Determination of the thermal, pH, and storage stability of
amylases

Amylases produced by Chryseobacterium isolate were stable up
to 40 °C during the treatment period but lost its activity grad-
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Fig. 6  Effects of reaction pH (A), time (B), and temperature (C) on amylase activity.

ually after 50 °C and lost approximately 50% activity at 70 °C
(Fig. 7A). On the other hand, amylases from Bacillus isolate
were stable up to 30°C and lost 50% activity at 50 °C
(Fig. 7A). The results indicated that amylases from Chry-
seobacterium isolate were more thermostable than those from
Bacillus isolate. The thermo-stability data of Bacillus isolate
in our study are in good agreement with the report of Deb
et al. [22]. Amylase from Chryseobacterium isolate was highly
stable at pH 5.0 (Fig. 7B). However it was significantly stable
between pH 5.0 and 8.0. The amylases from Bacillus isolate
were highly stable at pH 7.0 but labile at acidic or alkaline con-
ditions (Fig. 7B). It was found that room temperature was not
suitable for storage of amylase as it from both isolates lost
~60% of their activity after 4 days of storage (Fig. 7C). The
data indicated that the crude amylases from both the isolates
were heat sensitive and inefficient to retain their activity when
stored at room temperature.

3.5. Production of crude amylases using kitchen wastes

Use of readily available raw materials is considered as econom-
ical for commercial production of valuable enzymes using fer-
mentation process. Utilization of wastes materials, i.e.
agricultural, MSW, vegetable wastes, is considered as common
practice in this regard because these waste materials are a good
source of carbon necessary for microbial growth [12,22,34-37].

In order to produce amylase using organic kitchen wastes, we
replaced starch of the basal media by 2% of starchy kitchen
wastes as described by Azad et al. for utilizing organic MSW
[12]. The fermentation with kitchen waste media at shake flask
level was performed at the optimum conditions. Results
showed that Chryseobacterium isolate produced the highest
amount of the enzyme after 60 h of fermentation in the opti-
mized basal media and kitchen waste media (Fig. 8). The Bacil-
lus isolate produced maximum level of amylase after 48 h
incubation as it did with the basal media (Fig. 8). The results
found in this experiments indicated that both of the bacterial
isolates were very much potential to utilize organic kitchen
waste material as a carbon source. Statistical analysis showed
that there is no significance difference in the amylase produc-
tion between basal and organic kitchen waste media. Although
both of the isolates produce an impressive amount of amylase
in the presence of starchy wastes, Chryseobacterium sp. showed
slightly higher ability to utilize the starchy kitchen wastes and
higher amylase production than the Bacillus sp. These results
indicated that Chryseobacterium and Bacillus isolates might
be potential strain to produce extracellular amylase by using
organic kitchen wastes as sole carbon source. The ability of
Bacillus to produce amylases by using different agro-
industrial wastes is highly reported [7,34,38].

This study was conducted as a foundation work, screening
and identification of high amylase producing strains, for fur-
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Fig.8 Production of amylase from Chryseobacterium and Bacillus isolates by using starchy kitchen wastes. Shake flask fermentation was
carried out at optimum growth conditions for both Chryseobacterium and Bacillus isolates optimized with the basal media.

ther improvement of amylase production by utilizing readily
available waste materials in Bangladesh. We have identified
rarely reported Chryseobacterium sp. as extracellular amylase
producing bacterial isolate. Our results demonstrated that
kitchen wastes can be successfully used as cheap carbon
sources in fermentation for crude amylase production, allow-
ing further studies for molecular characterization and produc-
tion of recombinant amylase by using organic kitchen waste.

4. Conclusions

We have isolated extracellular amylase producing bacterial iso-
lates from different dustbins located Chittagong and Cox’s
Bazar, Bangladesh. Among them, best two isolates were
selected after screening and identified as Chryseobacterium
sp. and Bacillus sp. using 16S rDNA sequencing. Chryseobac-
terium sp. was rarely reported as amylase producing bacteria.
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Moreover, amylase production conditions for the both
identified strains were optimized. Amylases produced by
Chryseobacterium sp. and Bacillus sp. were partially character-
ized. Finally, it has been shown that the both isolates could
successfully utilize starchy kitchen wastes as carbon source in
the basal media for production of amylase. Results reported
herein support the notion that Chryseobacterium sp. and
Bacillus sp. can be used to produce industrially important
amylases by utilizing kitchen wastes.
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