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A B S T R A C T

This study employed Bacillus spp. with α-amylase production isolated from Malaysian hot spring for domestic
kitchen food waste treatment contained grains, vegetables, chicken and tuna that mimic the food waste discharge
from domestic kitchens in Malaysian household. Results showed that Bacillus licheniformis HULUB1 and Bacillus
subtilis SUNGB2 possess excellent amylolytic properties. Highest α-amylase activity was obtained when both
isolates were cultivated at pH 6.0 and 65 �C with concentrations of 18.15 U/mL for HULUB1 and 22.14 U/mL for
SUNGB2. Stability of α-amylase with significant levels of enzyme activity were recorded at 55–85 �C and pH
5.0–9.0. The extracted mixed α-amylase of HULUB1 and SUNGB2 showed greatest reduction were achieved at day
12 with 45% � 0.03 solid content at 65 �C. While the mixed culture of HULUB1 and SUNGB2 displayed an
enhanced effect on the food waste contents reduction with 43% � 0.02 solid content at 45 �C after day 12. The
findings showed that the combination of the two Bacillus spp. isolates possessed degradation of food wastes at
faster rate than α-amylase. It was also pointed out that the standard food waste (SFW) and the treatment process
assimilated for this study was suitable for the growth of Bacillus spp.
1. Introduction

Hot springs is an environment with different physical, chemical and
nutritional properties that possesses biodiversity of microbes including
thermostable bacteria [Chan et al., 2017,Msarah et al., 2018]. These
sites include thermal fluids, microbial mats and sediments with poten-
tial microbes producing industrially important thermostable enzymes.
The microbial populations existing in such environment produce valu-
able sources for numerous biotechnological products and applications
(Sayeh et al., 2010). The importance of thermophilic Bacillus has
increased because of their biotechnological significance as sources of
thermostable enzymes. The enzymes from thermophilic microorganisms
is extremely in high demand for industry such as biocatalysts,
biotransformation and biodegradation. Thermostable enzymes are
typically hard to denature at elevated temperature (>60 �C) while by
increasing the temperature will disrupt the shape of the active site,
which will reduce its activity of the enzyme (Brock, 2001). Enzymes
from thermophilic bacteria offer several advantages compared to en-
zymes frommesophilic bacteria for examples longer useful shelf life, less
contamination problems because the enzyme reaction takes place at
ma).
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high temperature and increased chemical resistance (Drejer et al.,
2018).

Extracellular enzymes from thermophilic microorganisms are more
resistant to extreme pH and chemical reagents in comparison to meso-
philic microorganisms, which inspired an interest in the exploration of
thermophiles. Amylases are enzymes that have attracted the interest of
industries for their wide applications especially in food industries. This
group of enzymes contribute to approximately 25% of the world enzyme
market with great significance for biotechnology (Arikan, 2008).
α-amylase has increased in demand for industrial applications due to its
crucial role in starch hydrolysis processes utilised in food, paper, brewing
and textile industries (Hmidet et al., 2009). According to Tanyildizi et al.
(2005), microbial amylases retain a greater stability in comparison to
animal and plant amylases. Bacteria that are renowned as an outstanding
producer of thermostable α-amylase for examples are
B. amyloliquefaciens, B. licheniformis, B. subtilis and B. stearothermophilus
(Asghar et al., 2007; Prakash and Jaiswal, 2009).

Food waste and wastage is a global issue. According to a report
published by the Food and Agricultural Organisation FAO (2015), about
one-third of the global food production for human consumption (nearly
1.3 billion tons) is wasted annually at several stages, ranging from the
une 2020
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initial production stage to the supply chain and final household con-
sumption. Yang et al. (2016) highlighted that only 33% of food is
consumed in the Southeast Asia region, while the remaining food is
wasted. In Malaysia, the average daily food wastage from households is
around 0.5–0.8 kg per day of leftover food and as the population of
Malaysia is expected to reach 33.4 million by the year 2020, it is also
expected that the problems associated with food wastes will equally in-
crease in correspondence to the population growth and economic
development (Bong et al. (2017). Food waste treatments using multiple
microorganisms (bacterial consortium) by employing mesophilic aerobic
and anaerobic fermentation performed by Kiran et al. (2014) and Kibler
et al. (2018) showed that microbes can consume and decrease/biode-
grade the total amount of food waste discharged from both commercial
and domestic sources. An et al. (2018); Awasthi et al. (2017) and Awasthi
et al. (2018) also acknowledged Bacillus spp. as a fast-growing bacterium
that possessed strong extracellular enzymes which show different effects
on hydrolysing organic compounds and decomposed of the food wastes
facilitated by the degradative enzyme activity.

Food waste is organic waste discharged which can be found in do-
mestic or/and commercial kitchens, restaurants and food processing
factories. Microorganisms can consume and decrease food wastes
because they contain various organic compounds. The most employed for
treatment of food waste is bacteria owing to the natural presence of
several bacteria in food wastes. Thermophilic enzymes are essential in
bioremediation because treatment of wastes with higher temperatures
have the advantage of increased solubility of the substrates and amylases
are among those thermophilic enzymes with a great significance in
modern industry. Therefore, this research is conducted to optimise the
growth of the isolated thermophilic Bacillus spp. from selected Malaysian
hot springs, to obtain α-amylase with a wide range of pH and temperature
and to assess the ability of the isolated thermophilic Bacillus and the
extracted α-amylase by these bacteria for biodegradation of food waste
by using standardise food waste formula contained grains (cooked rice),
vegetables (potatoes, onion), fruits (apples, oranges), chicken and tuna as
food wastes with various organic compounds (carbohydrates, lipids, and
proteins), that mimic the food waste discharge from domestic kitchens in
Malaysian households.

2. Methodology

2.1. Identification of bacterial isolates from hot spring

Water samples were sourced from the Dusun Tua Hot Spring, Hulu
Langat, Selangor (3�08021.200N101�50010.900E) and Sungai Klah Hot
Spring, Perak (3�59054.600N 101�23028.900E). The physiochemical char-
acterisation of water measured on site was carried out using a YSI 556
multi-probe system MPS. Isolation of bacteria was performed according
to Adiguzel et al. (2009) through serial dilution method (10-fold), to
estimate the number of bacterial colonies. One mL of hot spring water
was added to 9 mL of sterile distilled water and then mixed by gentle
vortexing. For each water sample, 10 mL were filtered through mem-
brane filters (0.22 mm Millipore Corporation, Bedford). Subsequently,
the filter paper was placed on Thermus agar enriched with NaCl (0.5%),
beef extract (0.4%), peptone (0.5%) agar (2%), and yeast extract (0.2%)
(Sikdar et al., 2015) to confirm the isolates are thermophiles. The agar
was incubated at 45 �C for 24 to 48, and the purity of the colonies was
checked microscopically.

Both biochemical and physiological tests were employed to identify
and characterise the thermophiles following the techniques prescribed by
the Bergey's Manual of Systematic Bacteriology (BMSB) (Kersters and
Vancanneyt, 2005). The thermophilic strains were identified by relying
on the specific phenotypic features of the Bacillus genus, as well as on the
phylogenetic analysis of the 16S rDNA sequence. The process was per-
formed using the TE boil extraction method (T method) and a slightly
modified extraction method for bacterial DNA as described by Li et al.
(2003).
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A 1 mL bacterial cell (from the overnight culture at 45 �C on NB) was
transferred to 1.5 mL micro-centrifuge tube and centrifuged at 10000 g
for 1 min to obtain the pellet. The pellet was resuspended in TE buffer
(200 μL) and the pH of the suspension was adjusted with conc. HCl to pH
8.0. The final volume was made up to 1 L with deionised water then 10
mmol/L Tris-HCl and 1 mmol/L added and mixed on a vortex mixer
(Yang et al., 2008). The suspension was placed in a boiling water bath at
100 �C for 1 min, then freeze at -70 �C for 3 min, 100 �C for 2 min, -70 �C
for 3 min, 100 �C for 2 min, and lastly -70 �C for 3 min before being
centrifuged for 5 min at 9449 rpm. An aliquot (100 μL) of the clear su-
pernatant for PCR testing was collected in a sterile tube and kept at -20 �C
until further use.

The amplification of the 16S rRNA gene sequences was
performed using the PROMEGA Go Taq® Green Mix, 2X. The
process was performed using the universal bacterial primers:
8–27 (50AGAGTTTGATCCTGGCTCAG30) and 1492R
(50CTACGGCTACCTTGTTACGA30) (Piterina et al., 2010). QIAEX® II Gel
Extraction Kit (150) (QIAGEN) was used based on the recommendations
by the manufacturer to purify the PCR products, while the NanoDrop
Thermo Scientific™ NanoDrop-2000 full-spectrum U.V/ris spectropho-
tometer was used to determine the concentration of the purified DNA.
The sequencing of the samples was done using the Biosystems Genetic
Analyser BigDye® Terminator V3.1 cycle sequencing kit chemistry as
earlier described by Sanger (1981). The extracted 16S rRNA gene
sequence was analysed for bacterial identification using a Basic Local
Alignment Search Tool (BLAST) which is available at http://blast.ncbi.nl
m.nih.gov/Blast.cgi. The isolated sequences from the bacterial strains
were deposited in the GenBank database (http://www.ncbi.nlm.nih.gov/
genbank) and were assigned unique accession numbers.

2.2. Carbohydrate utilisation assay

The experiments to determine the sugar utilisation capability of the
isolates were performed using M9 Minimal medium enriched with vita-
mins and trace elements, in addition to diverse concentrations (0.5%,
1%, 1.5%) (w/v) of sugars (glucose, sucrose, starch) which served as the
sole carbon source at pH 7.0. A 24 h overnight standardised culture of
Bacillus isolate was added and then incubated at 45 �C for 48 h. Minimal
mediumwas prepared by combining 250mL ofM9 salts, 20mL of diverse
concentrations (0.5%, 1%, 1.5%) (w/v) of sugars used (glucose, sucrose,
starch) solution, 2.1 mL of trace minerals and 2.0 mL of vitamins con-
taining only thiamine and biotin. The volume was brought to 1 L with
distilled water, followed by pH adjustment to 7.0. The prepared medium
was sterilised by filtration through a 0.45 µm pore-size filter.

2.3. Qualitative screening for α-amylase

In the qualitative test, the thermophilic isolates were inoculated in a
medium containing 1 g/L yeast extract, 0.1 g/L MgSO4.7H2O, 7 g/L
K2HPO4, 2 g/L KH2PO4, 1 g/L (NH4).2SO4, 5 g/L NaCl, 5 g/L starch and
15 g/L bacteriological agar. All ingredients were dissolved in deionised
water and sterilised at 121 �C for 15 min. The plate was placed in the
incubator and allowed for 24–48 h at 45 �C before pouring the iodine
solution (1 g iodine, 2 g KI and 300 mL of distilled water) in the plates.
The clear white zones against a blue background around the colonies
indicated a positive result for amylase activity (Bragger et al., 1989).

2.4. Quantitative screening for α-amylase

The medium for the quantitative screening contains (g/L): soluble
starch (10), peptone (20), MgSO4.7H2O (1.0), Na2HPO4 (3), FeSO4 (0.3)
and NaCl (0.1), medium was sterilised then left to cool until 27 �C.
Various culture condition parameters were assessed, a) the initial me-
dium pH (3.0, 4.0,5.0, 6.0, 7.0 and 8.0) and b) the incubation tempera-
tures (37, 40, 45 and 55 �C) in order to increase the amylase production
by the isolated thermophilic Bacillus. One mL of 24 h culture
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Table 1. Formula and preparation of standard food waste (modified).

Food Item Total weight (g) Food waste material (g) Preparation size

Grains 130 � 15 Cooked rice (120)

Vegetables 200 � 30 Potatoes (100)
Onions (100)

Cubed to 5 mm
Cubed to 5 mm

Fruits 70 � 15 Apples (35)
Oranges (35)

Split to 1/8 size with peel
Split to 1/8 size with peel

Chicken/Fish 100 � 15 Chicken (25)
Tuna (75)

Split to 30 mm (Fresh cut)
Split to ¼ size (canned tuna)
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(standardised 0.5 McFarland) was inoculated to 99 mL of cultivation
medium in a 250 mL volumetric flask and allowed to incubate for 48 h at
45 �C with mild agitation (150 rpm). Every 6 h intervals incubation, the
culture (100 mL) were harvested and filtered through Whatman No.1
filter paper. The obtained filtrate served as the source of enzyme during
the amylase activity assay. The supernatant was collected in tubes and
the amylase activity was estimated (Ajayi and Fagade, 2006).

The crude enzyme was further purified by ammonium sulphate pre-
cipitation (Divakaran et al., 2011). The modification of the DNS method
according to Miller (1959) was applied to assess the amylase activity
based on the release of reducing sugars from soluble starch with glucose
as standard. The absorbance of the mixture was determined using Bio-
chrom Libra S12 spectrophotometer Biochrom Ltd., Cambridge, England
at 540 nm. One international unit (IU) of amylase activity was considered
as the required amount of the enzyme to release 1 μmol of reducing sugar
Figure 1. Phylogenetic tree of B. licheniformis HULUB1 and B. subtilis SUNGB2

3

from the sugar source within one minute under standard experimental
conditions. The α-amylase was partially purified by precipitation in
ammonium sulphate. For the partial purification process, a 6 days broth
culture of the organism was grown at the optimal growth conditions,
then, centrifuged at 4 �C for 30 min at 7319 rpm. The obtained super-
natant was then precipitated with saturated ammonium sulphate (80%
saturation) before resuspending the precipitates in a pH 6.0 sodium
phosphate buffer (20 mM), followed by the characterisation of the
partially purified enzyme (Konsoula and Liakopoulou-Kyriakides, 2007).
Enzymatic activity was carried out via conventional assay using Bradford
method. Two parameters that affect the α-amylase activity and stability
(the pH of the medium and the incubation temperature) were investi-
gated and all assays were performed in triplicate.
based on total 16S rDNA sequencing (software BioEdit 7.1.9, MEGA 7.0).
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Figure 2. The growth of B. licheniformis HULUB1 and B. subtilis SUNGB2 on different concentrations of (A) glucose, (B) sucrose and (C) starch on M9 Medium.
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2.4.1. Effect of temperature on the activity and stability of the enzyme
The partially purified enzymes were evaluated for enzymatic activity

via incubation in 1% (w/v) starch solution at different temperatures (35,
45, 55, 65, 75 and 85 �C). The 1% starch solution was prepared in 20 mM
sodium phosphate buffer (pH 6.0) (Behal et al., 2006). The incubation
period of 10 min was allowed before assaying for the thermostability of
the enzymes (Carvalho et al., 2008). Reaction without α-amylase was
used as negative control. All experiments were carried out in triplicates in
at least three different occasions.

2.4.2. Effect of pH on the activity of the enzyme
The effect of pH on the activity of the enzymes was assayed at various

pH levels (3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0) using 1% starch
as the carbon source. This assay was performed using different buffers,
including acetate buffer (20 mM; pH 3.0–5.0), sodium phosphate buffer
4

(20 mM; pH 5.0–8.0), and Tris/HCl (20 mM; pH 8.0–11.0) (Reyed,
2007). The incubation of the enzyme in each of these buffers lasted for 1
h at 55 �C before the assay for enzyme pH stability (Carvalho et al.,
2008). Reaction without α-amylase was used as negative control. All
experiments were carried out in triplicates in at least three different
occasions.

2.4.3. Specific activity and protein determination
The Bradford method of protein assay was used to determine the

concentration of protein at 595 nm (Bradford, 1976). One unit (U) of the
enzyme under this method is defined as the amount of product liberated
within one minute (expressed in μmol/min or nmol/min). It is assumed
that the reaction rate is directly proportional to the amount of enzyme in
the solution. The protein concentration was presented in mg/mL while
the specific activity is determined by dividing the number of U/mL by the



Figure 3. The amylase qualitative assay for the thermophilic isolates.
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concentration of protein (mg/mL). The specific activity is expressed in
μmol/min/mg or U/μg.
2.5. Treatment of standard food waste using Bacillus spp. and α-amylase

This study applied the established standard food waste (SFW) by The
Korean Ministry of Environment Guideline (2013-179) with slight
modification from An et al. (2018). Table 1 presents the detailed SFW
formula. The preparation of the food waste was commenced by grinding
all the food items listed in Table 1 using a blender. The blended food
materials were stored at 4 �C before use. The subsequent SFW analysis
was performed following standard methods recommended by The As-
sociation of the Official Analysis Chemist (AOAC). The pH of the SFW
was determined by dissolving 5 g of the sample in distilled water (25mL),
followed by one hour mixing and 10 min centrifugation at 8000 rpm. The
pH of the supernatant was determined using a portable pH meter
(Accumet AP115, Fisher, UK). The following equation was used to
determine the changes in the solid contents of the SFW:

Solid content ð%Þ¼w2� w0
w1� w0

� 100:
a b

Figure 4. Bacterial growth and amylase production by (a) H
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where w0 indicates the weight of the dish (g); w1 indicates the weight of
the sample and dish before drying (g); and w2 symbolises the weight of
the sample and dish after drying (g). The SFW was dried in an oven to an
average water content of about 80� 5% which was determined based on
the weight difference between the wet and dry samples. After this pro-
cess, the SFW was used within 24 h.

The treatment of the SFW was performed using the Bacillus spp.
HULUB1 and SUNGB2. The ratios of HULUB1 and SUNGB2 mixtures
were 0:0, 1:0, 0:1 and 0.5:0.5 (v/v). The bacterial culture/mixture (1 mL)
with a colony count of 105 CFU/mL was inoculated into the SFW (100 g)
and incubated for up to 12 days at 45 �C with agitation at 200 rpm.
Initially, the bacterial concentration of the SFW ranged between 104 to
105 CFU/mL. Samples were withdrawn every 24 h during the cultivation
period for pH, bacterial count and solid content analyses. The bacterial
counts determination using a pour plating technique on nutrient agar of
serial dilution of food waste samples were conducted and expressed as
CFU/mL. The determination of the solid content of the SFW was done via
a standard drying technique as follows: 5 g of the SFW was weighed and
placed in a pre-weighed aluminium dish. The dish was placed in an oven
and allowed to dry to a regular weight at 105 �C. The plate was weighed
again after drying in order to determine the solid content (An et al.,
2018). The pH of the SFW were recorded as described in the previous
section.

For the treatment of the food waste, the partially purified α-amylase
from HULUB1 and SUNGB2 and their mixtures was used. The ratios of
partially purified α-amylase were 2:0, 0:2, 0:0, and 2:2 (U/U). An aliquot
of 2 units of the individual partially purified α-amylase or partially pu-
rified α-amylase mixture was introduced into the SFW (100 g) and
incubated in a shaking incubator at the optimum temperature at 45, 55
and 65 �C, pH 6.0 and 200 rpm for up to 12 days. After the incubation
period, the SFW was analysed for solid content weight and pH.

2.6. Statistical analysis

The data obtained were subjected to ANOVA and all experiments
were carried out in three replications based on a completely randomised
design CRD (Gomez et al., 1984). Statistical analysis was performed using
SPSS V25.0 software (SPSS Inc., USA), based on a single factor analysis of
variance (ANOVA). Duncan multiple range tests used for meaningful
comparison of the treatments at a P-value of 0.05.
ULUB1 and (b) SUNGB2 in amylase cultivation media.
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3. Results and discussion

3.1. Identification of bacteria from hot spring

The isolates pre-identified on Thermus agar plates and subjected to
various analyses such as cell morphology and Gram reaction. Preliminary
tests showed that the isolates have similar properties of the genus Ba-
cillus. The isolates were examined to determine the maximum and opti-
mum temperature for growth and different NaCl concentrations. The
results showed most of the isolates can grow at 30–55 �C. HULUB1 from
Dusun Tua Hot Spring and SUNGB2 from Sungai Klah Hot Spring which
showed the highest α-amylase activity were further identified by 16S
rRNA sequencing. Both isolates were also used for further analyses on
α-amylase activity and production. Sequence analysis indicated that all
isolates belonged to the genus Bacillus with over 97% homology.
HULUB1 strain identified as B. licheniformis with 99% homology.
SUNGB2 strain identified as B. subtiliswith a similarity of 100%. The two
16S rDNA sequences were deposited into the GenBank database under
accession numbers MH062894 for B. licheniformis HULUB1 and
MH062948 for B. subtilis SUNGB2 (Figure 1).

3.2. M9 Minimal Media sugar utilisation

Results from sugar utilisation experiment carried out in M9 Minimal
Media with the addition of 0.5%, 1% and 1.5% (w/v) of the sugars used
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(glucose, sucrose, starch) as the sole carbon source. B. licheniformis
HULUB1 and B. subtilis SUNGB2 showed an excellent growth on sucrose
and starch at a concentration range between 0.5-1.5% (w/v) when
incubated at 45 �C for 24 h–48 h. The B. subtilis SUNGB2 showed a rapid
decline in growth at 48 h with the increase of glucose concentration in
comparison to B. licheniformis HULUB1 (Figure 2). Amylase production
by Bacillus isolates (HULUB1 and SUNGB2) was found to be constant, as
the enzyme biosynthesis proceeded in the presence of both starch and
other carbon sources, which is similar to the previous findings, working
with another strain of B. licheniformis (Swain et al., 2006).

The results revealed that B. licheniformis HULUB1 and B. subtilis
SUNGB2 showed a preference for carbon sources in the order of highly
preferred source of starch followed by sucrose and with glucose being the
least preferable (Figure 2). The amylase production was influenced by
the carbon source and concentrations (Divakaran et al., 2011). This trait
may be exploited for growing B. subtilis and B. licheniformis in a medium
containing starch for the production of industrially important products.
The growth of both isolates were satisfactory in the presence of all sugars
when incubated for 24–48 h at 45 �C.
3.3. Screening of α-amylase production

The thermophilic isolates were grown on selective media for the
screening of amylase and incubated at 45 �C for 24 h. Positive activity
was displayed by the size of the clearing zone (Figure 3). The bigger the
size of the clearing zone, the higher the activity produced. According to
Thebti et al. (2016) the activity of enzyme is revealed in the size of the
clearing zone, measured by centimetres. The amylase activity was also
assessed according to the glucose standard curve, which one IU of
amylase activity represented by the total of enzyme required to release
one U (μmol/min) of reducing sugar within one minute under ultimate
experimental conditions. B. licheniformis HULUB1 and B. subtilis SUNGB2
were subjected to quantitative screening and growth profile Both strains
B. subtilis SUNGB2 and B. licheniformis HULUB1 can produce α-amylase
with different concentrations at different incubation times over a pH
range of 3–11. The optimum bacterial growth and production of amylase
were observed at pH 6.0 and at 18 h of growth, whereby B. licheniformis
HULUB1 and B. subtilis SUNGB2 produced amylase 0.261 mg/mL and
0.154 mg/mL respectively.

The α-amylase production was peaked at 45 �C. The amylase of the
two isolates was partially purified by ammonium sulphate precipitation
at 80% saturation, then further characterised by optimising the temper-
ature and pH. The data revealed that the highest amount of amylase was
produced at an initial pH of 6.0 at 65 �C with 18.15 U/mL for HULUB1,
85
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22.14 U/mL for SUNGB2 and that other pH values yielded lower enzyme
activity (Figure 4). While the highest amylase activity occurred at pH 6.0,
the highest bacterial growth was observed at pH 8.0. The observation
proposing that the enzymes synthesise occur in a wide range of 5.0–8.0
pH and was not growth dependent.

Similar results were reported by Swain et al. (2006) in which the
optimum activity of α-amylase extracted from B. subtilis CM3 was found
at pH 5.0–9.0 and 50–70 �C. While Awasthi et al. (2018a,b) reported four
isolates of Bacillus with maximum amylase activity at pH 5.3–8.2 and 60
�C. The level of amylase production was found to depend on the tem-
perature effects on the growth of the organism. The temperature range of
35–80 �C has earlier been reported to favour the growth α-amylase
-producing bacteria (Bajpai and Bajpai, 1989; Burhan et al., 2003;
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Ibrahim et al., 2013; Asad et al., 2014; Xu et al., 2019). However, tem-
peratures above 65 �C were found to negatively affect the activity of
enzymes while a further increase in temperature caused a decline in the
activity of α-amylase (Figure 5) possibly due to enzyme denaturation
which led to inhabitation (Anto et al., 2006).

The level of purity of an enzyme preparation determines its specific
activity which is expressed as the ratio of the enzyme activity to the
concentration of protein used during the enzymatic activity assay. The
highest specific activity obtained by ammonium phosphate precipitation
at 80% (w/v) was 10.66 U/μg for HULUB1 (10-fold increase) and U/μg
for 5.40 SUNGB2 (21-fold increase), compared to crude enzymes, 1.04
U/μg for HULUB1 and 0.232 U/μg for SUNGB2.
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3.4. Treatment and analysis of SFW

The two isolates and their extracted α-amylase were separately
evaluated for biodegradation of food wastes. The tested Bacillus isolates
were cultivated for 12 days in SFW where they were found to be
increasing in number with increase in the incubation period until the 12th

day when bacterial growth plateaued. B. licheniformis HULUB1 was
observed to exhibit the maximum cell count after the 8 days of incuba-
tion. An initial decrease in the pH value of the SFW was observed until
the 3rd day when it started to increase gradually and finally plateaued
from the 4th day to the 8th day. Figure 6 presents the observed changes in
the solid contents of the SFW after cultivation with the Bacillus isolates.
These measurements were carried out in triplicates.

Naturally, there are several organic contents in food wastes which can
serve as carbon sources to several microorganisms. Upon utilisation of
these carbon sources by the microbes, the quantity of food wastes can be
effectively reduced. Bacteria are the most considered microbes for the
treatment of food waste owing to the natural presence of different
indigenous bacteria in food wastes. Several studied have been dedicated
to microorganisms-based food waste treatment via both aerobic and
anaerobic processes of fermentation (Kwon et al., 2014; An et al., 2018).
Among the thermophilic and mesophilic bacteria found in food waste
include Pseudomonas spp., Stearothermophilus spp. and Bacillus spp. (An
et al., 2018). The high growth rate of B. subtilis and B. licheniformis, as
well as their ability to release several hydrolytic enzymes have made
them as attractive industrial bacilli (Saxena et al., 2007; Parrado et al.,
2014). Early reports by Seo et al. (2013), Parrado et al. (2014) and Sewalt
et al. (2018) described B. licheniformis and B. subtilis strains produced
several enzymes which can mediate several activities and can degrade
several substrates and thrive under diverse conditions. B. subtilis and
B. licheniformis exhibits strong cellulolytic and proteolytic activities
which confer them the ability to strongly degrade food wastes (Awasthi
et al., 2017; An et al., 2018). To our knowledge studies on using purified
amylase from thermophilic Bacillus for the application of food waste
treatment, is still novel.

The solid content of the SFWwas found to be significantly reduced by
the Bacillus species within the 8th days of cultivation. The mixed culture
of HULUB1 and SUNGB2 exhibited the most significant reduction of 43%
of the solid content. Several reports exist on the use of Bacillus species for
effective food waste treatment at elevated temperatures (Yi et al., 2006;
Kwon et al., 2014; Awasthi et al., 2017, 2018; Awasthi et al., 2018a,b; An
et al., 2018). When the SFWwas treated with a mixed culture of HULUB1
and SUNGB2, there was a higher reduction of the solid content of the
SFW compared to treatment with either of the Bacillus species. A 0.5:0.5
mixing ratio of the two species exhibited the maximum solid content
reduction (dry weight) of around 43% possibly due to the additive ac-
tivities of the host of multifunctional enzymes released by both species
(HULUB1 and SUNGB2) on the SFW.

Most studies have used amylase from Bacillus isolated from kitchen
waste as biodegradable materials (Mishra and Behera, 2008; Abdullah
and Chin, 2010). Kitchen wastes mostly consist of starchy materials
(similar to the food waste in this study); they are also a rich source of
starch degrading microorganisms. Such microbes are also found in
organic waste released from commercial kitchens and food processing
factories (Chen et al., 2017). The volume of waste deposited in landfills
can be effective reduced by converting such wastes into valuable prod-
ucts using microorganisms (Sakai et al., 2001). Both B. subtilis and B.
licheniformis have also demonstrated robust capabilities to degrade food
wastes aided by the cellulolytic and proteolytic activities (An et al.,
2018). The Bacillus spp. can utilise keratinous wastes materials as a sole
carbon and nitrogen source for their growth (Mazotto et al., 2011).
Keratinase enzymes are a type of protease that possesses a biodegradative
potential (Adetunji and Adejumo, 2018). Therefore, most proteases
produced by Bacillus spp. remain active and will be responsible of the
decrease solid contents of fish and chicken wastes.
8

The food waste treated with α-amylase were incubated at different
temperatures of 45 �C, 55 �C and 65 �C to obtain a maximum decrease in
dry weight (Figure 7). The maximum weight reduction among the
studied Bacillus spp. was exhibited by a mixed culture of B. licheniformis
HULUB1 and B. subtilis SUNGB2 whereby 43% � 0.02 of solid content
remained after exposure at 45 �C for 12 days. The initial pH was 6.5 and
at the end of the experiment it reduced to 4.9. While the greatest
reduction in weight by using the amylase extracted was achieved by a
mixed partially purified amylase B. licheniformis HULUB1 and B. subtilis
SUNGB2, exposure to 65 �C with 45% � 0.03 solid content remained
after 12 days. The α-amylase at 45 �C resulted in a decrease in weight of
about 1 g per day, whereby 61% solid content of total wastes remained
after 12 days and 0.1 g for the control. Whereas, α-amylase at 55 �C
resulted in a reduction in weight ranging from 4-6 g per day, which is
55% solid content and 1 g for the control. Moreover, α-amylase at 65 �C
brought a reduction in weight (dry weight) ranging from 6-8 g per day
which is 45% � 0.03 solid content and 1.5 g for the control.

4. Conclusion

Thermophilic bacteria with amylolytic activity strains B. subtilis
SUNGB2 and B. licheniformis HULUB1 were successfully isolated from
different hot springs in Malaysia. Both strains were capable to have the
maximummicrobial growth and highest α-amylase enzyme production at
pH 6.0 after 18 h of growth and the optimum temperature for optimum
α-amylase production was observed at 45 �C. They were able to grow at
high temperatures in an SFWmixture, causing in substantial reduction of
the food materials. The utmost reduction in solid content of food waste
was achieved by a mixed culture of B. licheniformisHULUB1 and B. subtilis
SUNGB2 at temperature 45 �C, while the treatment using the mixed
extracted α-amylase of HULUB1 and SUNGB2 showed the greatest
reduction in solid content at 65 �C. The findings showed that the two
strains displayed novel properties and a combination of the two Bacillus
spp. were found to favour the degradation of food waste at a faster rate
than α-amylase.
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