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Abstract
Aim: To determine feasibility of using mosambi peel as substrate for multi enzyme production through microbial intervention.

Methodology: Thirty-three bacterial isolates were isolated from biodegradable organic substrates and investigated in-vitro their biodegradable
activities viz. pectinolytic, cellulolytic and amylolytic. The best performing bacterial isolate, exhibiting aforesaid activities were selected and identified
using 16S rRNA technique. The factors, that influenced the
fermentation, viz. temperature, pH and incubation period of
bacterial culture were optimized for maximum production of
multi enzymes viz. pectinase, cellulase and amylase using g : Screening for enzyme prodcton
mosambi peel as substrate under solid-state fermentation ’

conditions. Molecular weights of different enzymes presentin ~ Mesameipeel l -
multi-enzyme preparation were determined by SDS PAGE.
The juice extraction efficiency of crude multi enzyme
preparation was compared with that of pure commercial
enzyme.

33 bacterial isolates .
l Pure substrate (pectin/CMC/starch)

Bacillus subtilis NG 105 (Acc. No. MN493055)

Optimum pH, temp, incubation period

Results: Out of thirty-three bacterial isolates, after primary and
secondary screening, the best performing bacterial isolate was

identified as Bacillus subtilis strain NG 105 (Genbank I l ‘
accession number MN493055). Higher enzyme activities were ez CAED g

observed at pH 7.0, incubation temperature of 35°C and | Py
incubation period of 10 days for pectinase, cellulase and ‘ a5 & e
amylase using mosambi peel as substrate. The purified ce exiacion  immobilzation on bagasse
enzymes characterized by SDS-PAGE, revealed to have ﬁ;aur;gcs:grgi::zy E:gceiergrﬁlatz(étlij;:];ljth igies

molecular mass of 65 kDa for pectinase, 50 kDa for cellulase

and 55 kDa for amylase. Bagasse fibre was found to be the

most suited matrix for immobilization. The juice extraction efficiency of partially purified crude multienzyme preparation was 88% of commercial

pectinase.

Multienzyme preparation from mosambi peel is effective in juice extraction/clarification and biodegrading.

Interpretation: Mosambi peelis a suitable substrate for multienzyme production using Bacillus subtilis under solid-state fermentation condition.
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Introduction

India ranks second in fruits and vegetable production in
the world, after China. During 2018-2019, India produced 98.56
million metric tonnes of fruits. The processing of fruits results in
the generation of big quantum of waste in the form of peel,
pomace, stones and seeds. Such wastes are generally rich in bio-
constituents such as fibre, pectin, cellulose, starch, phenolics,
pigments and other useful materials. Enzymes are one of the
commercially important commodities, used in different types of
industries, like food, detergent, textile and paper industries.
Pectinases are widely used in textile industry in retting and
degumming of plant bast fibres, scouring of cotton, extraction and
clarification of fruitjuices and coffee (Anand et al., 2020).

Cellulase has novel application in the production of
fermentable sugars and ethanol, detergents and other chemicals
(Jayasekara and Ratnayake, 2019). Similarly, Amylase is widely
used for biotechnology processes including starch degradation,
pharmaceutical applications, food liquefaction and
saccharification, clinical, medical, analytical chemistry, paper
manufacturing, baking and bread industry (Ahmad et al., 2019).
Enzyme can be obtained from plants as well as microorganisms.
Enzymes of microbial origin are preferred over plant origin due to
fast, better controlled and economical production. However, the
production cost of enzymes are high because of high-value of raw
materials. This cost, however, can be lowered using low-value
substrate industrial waste. There are reports of fermentative
production of enzymes using fruit peels of mango pomegranate,
apple, mosambi, banana, orange, etc. Kumar et al. (2014) used
Aspergillus niger for production of amylase using mango peel as
substrate. Shariq and Suhail (2019) applied yeast consortium for
production of enzymes using mosambi peel as substrate.

Recently, Garg et al. (2021) reported Lactobacillus
plantarum for enzyme production using fruit and vegetable
waste as substrate. Citrus is one of important fruit crops of India
with a production of 13.4 million metric tonnes during 2018-19.
Its processing for juice generates peel (20-25%) as waste. This
peel is arich source of carbohydrates, flavonoids and oxidants.
In general, pectinases, cellulases and amylases are involved in
the degradation of pectin, cellulose and starch rich substrates
(fruit peels) where bacteria play a crucial role in producing these
enzymes (Ahlawat et al., 2009; Rehman et al., 2019; Dai et al.,
2020). Citrus peel is reported to be one of the potential
substrates for production of pectinase solely. Till date there are
reports available on production of single enzyme but not on
bacteria mediated production of multienzyme preparation, such
as pectinases, cellulases, and amylases using mosambi peel
as a substrate by a single bacteria. This multienzyme
preparation will be useful for juice clarification/extraction from
substrates rich in pectin, fibre and starch and use of individual
enzymes can be avoided. The present study reports the
feasibility of using mosambi peel as substrate for multienzyme
preparation including pectinase, cellulase and amylase by
Bacillus subtilis.

Materials and Methods

Al experiments were performed at Microbiology
laboratory, Division of Post Harvest Management, ICAR-Central
Institute for Subtropical Horticulture, Lucknow, India during the
period 2018-2021. The chemicals and media were purchased
from Merck, Sigma and Himedia. The carbohydrate utilization
broth consisting (NH,),SO, (0.2%), K,HPO, (0.4%) Na,HPO,
(0.6%), FeSO, (0.1%), MgSO, (2%), CaCl, (0.1%), MnSO,
(0.001%), ZnSO, (0.007%), CuSO, (0.005%), H,BO, (0.001%)
and MoQ, (0.001%) at pH 7.2+0.2 supplemented with pectin,
carboxy methyl cellulose and starch (1% w/v) was used for
isolation and sub-culturing of bacteria.

Isolation of bacterial culture: The samples of degrading
organic substrates were enriched for enzyme-producing bacteria
in carbohydrate utilization broth using pectin/CMC/starch as
carbon source. To isolate microorganisms from the collected
degradable organic substrate samples, serial dilution, pour
plating, and streak plating isolation techniques were used.
Subsequently, the isolates were subcultured into their respective
selective growth media until pure cultures were isolated.

Primary screening of bacteria: Primary screening of bacterial
isolates for pectinase, cellulase and amylase production was
done on the basis of clear halo zone visualization on pectin/CMC/
starch utilization agar plate, respectively, by following the protocol
of Sazci et al. (1986); Mengistu and Pagadala (2017).

Secondary screening of bacteria: The substrate (pectin/ CMC/
starch) utilization broth was inoculated with primary screened
bacterial isolates for pectinase, cellulase and amylase production
at pH 7.0 and temperature 35°C for 7 days (Wood and Bhat,
1988). Culture filtrate was tested for pectinase, cellulase and
amylase activities following the standard protocol of (AOAC,
2005) and Miller, (1972).

Standardization of condition for enzyme assay: Conditions
viz. temperature, pH and substrate concentration with respect to
enzyme assay were optimized following the protocol of AOAC
(2005).

Temperature- 25, 35,45and 55°C
BufferpH-4.0,4.5,5.0,5.5,6.0and 6.5
Substrate concentration- Pectin/lCMC/Starch: 0.25, 0.5, 1 and 2%.

After optimization, the finalized enzyme assay protocol
was as follows:

Enzyme assay protocol: The enzyme reaction mixture
contained 0.4 ml of substrate (pectin-0.5% / CMC-1.0% / starch-
1.0% dissolved in 0.2 M of acetate buffer pH- 5.5), 0.1 ml of crude
enzymes and 0.5 ml of distilled water. The tubes were incubated
at 35°C for 1 hrin water bath. One ml of DNS reagent was added
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to stop the enzyme reaction. Subsequently, the reaction tubes
were placed in water bath at 100°C for 10 min. Standards D-
galacturonic acid (for pectinase) and glucose (for amylase and
cellulase) were taken in the range of 1mM to 10 mM. The optical
density was recorded at 550 nm an a spectrophotometer (double
beam UV-VIS). Enzyme activity was expressed as the amount of
enzyme that liberated 1 umol of reducing sugar per ml per min.
Enzyme activity was calculated as per the following equation:

pmol
Concentration of standard (W) Dilution X enzyme absorbence

Time of incubation

Enzyme activity ml" minute” =
absorbance of standard at 550nm

Scanning electron microscopic image of selected
bacterial isolate was followed by Talib et al. (2019).

Molecular identification of selected bacteria: The maximum
enzyme-producing bacterial isolate was subjected to molecular
characterization on the basis of 16S rDNA sequencing technique.
The bacterial genomic DNA was isolated by following the earlier
described protocol (Chachaty and Saulnier, 2000). The DNAwas
isolated from the culture and evaluated on 1.2 % agarose gel. The
extracted DNA was amplified with 16S rRNA specific primer (8F
and 1492R) and a single discrete PCR amplicon band of 1500 bp
was observed. The PCR amplicon was enzymatically purified and
further subjected to Sanger sequencing. Bi-directional DNA
sequencing reaction of PCR amplicon was carried out with 704F
and 907R primers using BDT v3.1 cycle sequencing kit on ABI
3730xI genetic analyzer.

The consensus sequence of 1460 bp 16S rDNA was
generated from forward and reverse sequence data using aligner
software. The 16S rDNA sequence was used to carry out BLAST
alignment search tool of the NCBI Genbank database. Based on
maximum identity score first fifteen sequences were selected
and aligned using the multiple alignment software program
ClustalW. The distance matrix was generated using RDP
database and the Phylogenetic tree was constructed using
MEGA 10 (Kumar etal., 2018).

Production optimization under SSF from mosambi peels
using selected bacterial isolate: Fermentation conditions viz.
temperature (25, 35 and 45°C) and pH (4.5, 5.5, 6.5 and 7.5) were
optimized. Mosambi peels, collected from wholesale fruit market,
Dubagga, Lucknow were properly washed with water, chopped and
air dried. To 100 g of chopped piece added water (1:1, w/v) in 500
ml capacity Erlenmeyer flask, autoclaved and inoculated with 1 ml
of 24 hrold actively growing culture of selected bacterial isolate (=
1.0x10’ cells mI") and incubated at tested temperature. Samples
were withdrawn at different time intervals and the culture filtrate
was used for enzyme assay. Samples were precipitated with
acetone and analyzed for extracellular enzyme viz. pectinase,
cellulase and amylase activities.

Selection of suitable natural substrate on enzyme
immobilization: Fibre was extracted from bagasse, rice husk,
paddy straw and wheat straw by boiling with water, treating with
IN-HCI followed by 1N-NaOH treatment. Thereafter, it was

washed with water, oven-dried at 60°C and sieved (60-150 mesh)
(Ranganna, 2001). The extracted fibre was autoclaved, and later,
the enzyme was added and incubated for 3 hrs. Un-immobilized
enzyme was washed with acetate buffer, while activity was tested
inenzyme immobilized on fibre.

Enzyme purification and characterization: Pure substrates
(1% pectin/ CMC/ starch in carbohydrate utilization broth)
inoculated with Bacillus subtilis were incubated at 35°C for 5
days. The culture filtrate precipitated with acetone and the
protein precipitate dissolved in acetate buffer was passed
through gel filtration chromatography column (1.0 x 40 cm)
packed with Sephadex G-100 matrix pre-equilibrated with 0.2 M
acetate buffer (pH 5.5). Two ml fractions were collected in
eppendorftubes at the flow rate of 20 ml hr" and enzyme activities
were observed in each fraction. In order to determine the
molecular size of pectinase, cellulase and amylase produced in
respective pure substrate, enzyme precipitate was subjected to
electrophoresis in 10% native polyacrylamide gel and 12%
denaturating sodium dodecyl sulfate polyacrylamide gel in
discontinuous buffer as per described by Laemmli (1970). After
electrophoresis, the protein bands were visualized by Coomassie
brilliant blue R-250 staining. A comparative study of enzymatic
mango juice extraction using crude enzyme precipitate consisting
of multienzymes produced by Bacillus subtilis against a
commercial pectinase recommended for juice clarification was
conducted. The extraction conditions were 100 g mango pulp
having TSS 10 °B, incubated at 35°C for 180 min with 0.5 ml of
crude enzyme extract/ commercial pectinase. At the end of each
reaction period, the content was filtered through Whatmann No. 1
filter paper and the quantity of juice obtained was noted.

Statistical analyses: All the experiments were carried out using
completely randomized design in triplicate, repeated twice for
reproducibility. The analysis of experimental data with Two-way
analysis of variance (ANOVA) was conduct followed by Fisher's
multiple comparison test at p<0.05. The least significant
difference (LSD) test was used to determine significant difference
among the samples (Gomez and Gomez, 1984).

Results and Discussion

In total, 33 bacterial isolates were obtained from
biodegrading organic substrates. For identification purpose, the
isolates were designated by prefix ‘B’ and followed by their isolate
numbers. Fifteen isolates were selected on the basis of clear halo
zone diameter (Table 1). The top five isolates showing higher
enzyme production on pure substrate and mosambi peel after
secondary screening are depicted in Fig. 1. The results indicated
that maximum production of pectinase, cellulase and amylase was
observed in bacterial isolate B-1. The enzyme production by B-1
was compared with the consortium containing all five selected
isolates. The results indicated that the single bacterium, B-1
performed better (518.15, 445.44 and 259.13 U ml" min”)
compared to consortium (220.36, 177.63 and 105.53 U ml" min”) in
production of pectinase, cellulase and amylase, respectively. This
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might be due to competition among the bacterial cultures tested.

The selected bacterial isolate was subjected to
molecular identification. DNA was isolated from the culture and
quality was evaluated on 1.2% agarose gel, a single band of
high-molecular weight DNA was observed (Fig. 2A). The
molecular identification through homology search and BLAST
analysis revealed that the isolated bacterial strain named NG105

Table 1: Top 15 bacterial isolate selected after primary bacterial screening

615

belonged to Bacillus genera. Homology Search and BLAST
analysis of 16S rDNA of selected bacterial isolate showed 99.73%
similarity with Bacillus subtilis strain KN10B (KY511697). The
phylogenetic position of this strain with other related organisms
are depicted in Fig 2B. The evolutionary history was inferred using
the Maximum Likelihood method and General Time Reversible
model with bootstrap replications of 1000 (Nei and Kumar, 2000).
The tree with the highest log likelihood is shown. The percentage

Bacterial isolate Pectinase Cellulase Amylase
B-1 22 15 25
B-2 18 07 15
B-3 15 10 19
B-4 10 05 00
B-5 10 08 10
B-6 08 02 08
B-7 08 08 18
B-8 08 09 00
B-9 08 07 21
B-10 06 10 00
B-11 05 10 10
B-12 04 05 00
B-13 00 12 00
B-14 00 08 00
B-15 00 08 08

Table 2: Optimization of fermentation pH for enzyme production (U ml"min”) by B. subtilis using mosambi peel as substrate

pH Pectinase Cellulase Amylase
4.0 179.8+1.58 96.1+1E-14 94.4+0.54
5.0 176.6+1.58 88.7+0.60 84.9+0.37
6.0 321.110.60 123.4+0.60 253.1+1.38
7.0 322.6+0.02 128.241.18 281.2+1.93
8.0 265.2+0.28 103.2+0.80 278.9+1.81
@ Pectinase [ Cellulase & Amylase B Pectinase B Cellulase & Amylase

= 3504 A -

E ] =

= 300 E

= 250 [S

= 2

= 200 =

§ 150 - 8

= ©

& 100 €
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50 i
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Bacterial isolate

B-1 B-7 B-5 B-11
Bacterial Isolate

B-12

Fig.1: Secondary screening depicting top five bacterial isolates exhibiting higher enzyme production on pure (pectin, CMC and starch) substrate (a) and

mosambi peel (b).
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Fig. 2A: Agarose gel showing single 1500 bp of 16S rDNA amplicon.
Lane 1: 100bp DNAladder; Lane 2: 16S rDNAamplicon.

of trees in which the associated taxa clustered together is shown
next to the branches. Initial tree(s) for the heuristic search were
obtained automatically by applying Neighbor-Join and BioNJ
algorithms to a matrix of pairwise distances estimated using the
Maximum Composite Likelihood (MCL) approach, and then
selecting the topology with superior log likelihood value. Further,
16S rRNA gene sequence of bacterial isolates was submitted to
NCBI GenBank under the accession number Mn493055.

The scanning electron microscopic image of Bacillus
subtilis isolate is shown in Fig. 3. Liu et al. (2020) reported that
Bacillus subtilis is the key Gram-positive model bacterium widely
used as a cell factory for microbial production of chemicals,
enzymes, and antimicrobial materials for industry, agriculture and
medicine. Sreena and Sebastian (2018) reported that
optimization of physical parameters viz. temp., pH, type and
concentration of substrate and medium components result in
several fold increase in activity compared to non-optimized
condition. Optimization studies indicated that higher production of
pectinase, cellulase and amylase by Bacillus subtilis on mosambi
peel substrate were observed after 10 days of fermentation (Fig.
4a). Furtherincrease in the incubation period, reduced the enzymes
production which might be due to depletion of nutrients in medium
with the lapse in time, which stressed the microbial physiology
resulting in inactivation of secreting machinery of enzymes. The

incubation temperature greatly affects the microbial growth rate,
enzyme secretion, enzyme inhibition, and protein denaturation
(Singh and Mandal, 2012). An incubation temperature of 35°C was
found to be optimum for enzyme production (Fig. 4b). The initial pH
of fermentation medium plays a vital role in determining the level
of metabolite synthesis. The maximum pectinase, cellulase and
amylase production was observed at pH 7.0 (Table 2). The results
indicate that near neutral to neutral pH is required for enzyme
production, mean while the natural pH of mosambi peel is 4.5.,
therefore, adjustment of substrate pHis necessary.

The effect of variables such as incubation period, initial
medium pH and incubation temperature on enzyme production
varies with microorganism and substrate. Swain and Ray (2007)
reported optimum incubation period, initial medium pH and
temperature to be 6 days, 8.0, and 50°C respectively, for alpha-
amylase production by Bacillus subtilis CM3 in solid-state
fermentation using cassava fibrous residue. Ahlawat et al. (2009)
reported an optimum incubation temperature of 37°C for
pectinase production from B. subtilis, while Sreena and
Sebastian (2018) reported 40°C at pH 7.0 as optimum for
cellulase production. Raul et al. (2014) reported production and
partial purification of alpha-amylase from Bacillus subtilis (MTCC
121) using solid-state fermentation. The maximum alpha-
amylase production was found after an incubation period of 48 hr,
temperature 40°C and pH 7.1. Dai et al. (2020) reported
temperature of 50°C and pH 7.0 for maximum production of
extracellular amylase and cellulase from Bacillus subtilis for
potential application in tobacco fermentation.

Characterization of purified pectinase, cellulase and
amylase by SDS-PAGE revealed three bands corresponding to
65, 50 and 55 kDa molecular size, respectively (Fig. 5). Ample
diversity of alpha-amylases with respect to the molecular weights
(10 to 210 kDa) has been reported (Mehta and Satyanarayana,
2016). Raul et al. (2014) reported molecular weight of a-amylase
from Bacillus species ranges between 50 and 60kDa, while
Rehman et al. (2019) detected Polygalacturonase from Bacillus
paralicheniformis to have molecular weight of 110 kDa. Hatice et
al. (2016) observed two protein bands belonging to pectinase of
B. subtilis with molecular weights 60 and 64 kDa. The molecular
weight of purified cellulase was determined as 80 kDa as
revealed by SDS-PAGE and activity gel analysis (Gaur and
Tiwari, 2015). Out of four natural fibre matrices, tested maximum
immobilized enzyme yield (pectinase- 56.35%, cellulase 77.68%
and amylase 59.54%) was observed on bagasse matrix on initial
day (Fig. 6). The immobilized enzyme yield on bagasse fibre
matrix, remained highest (pectinase- 43.12%, cellulase 74.5%
and amylase 50.3%) after 5 months of storage at -20°C as
compared to rice husk, wheat straw and paddy straw. Moreira et
al. (2019) reported the bagasse treatments modify the
morphological structures, influence the compositions of the
minerals and the chemical groups of the fibers and enable the
enzyme immobilization. The thermal stability of the immobilized
enzymes is greater than that of solubilized enzymes, and it is
possible to reuse the same immobilized structure for 15 cycles
withouta complete loss of activity.
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98 % Bacillus subtilis str. Lactipan(AJ277905)
Bacillus subtilis str. Lactipan(2)(AJ277905)
73 Bacillus subtilis str. KN10B(KY511697)
® Bacillus subtilis str. NG105(MN493055)
Bacillus subtilis str. BCRC17442(EF423602)
26| Bacillus axarquiensis str. LMG(DQ993671)
7' Bacillus rugosus str. SPB7(MT554518)
74| Bacillus nakamurai str. NRRL B-41091(KU836854)
Bacillus vallsmortis(AB021198)
Bacillus siamensis str. PD-A10(GQ281299)
S{Bacillus velezensis str.YC7010(KP201498)
Bacillus atrophaeus(AB021181)
Bacillus xiamerensis str. MCCC 1A00008(JX680066)
99 | r Bacillus zhangzhouensis str. MCCC 1A08372(JX680133)
97! Bacillus safensis subsp. osmophilus str. BCO9(KY990920)

97

Bacillus paralicheniformis str. KJ-16(KY694465)
30 _f Bacillus capparidi str. EGl 6500252(KY003162
100 ¢ Bacillus gobiensis(KF995513)

Bacillus carboniphilus(AB021182)
' Ei Bacillus fonticola str. CS13(MT359011)
—— Bacillus haikouensis str. C-89(KJ868191)
Bacillus coahuilensis str. m4-4(EF014452)
Bacillus bingmayongensis str. FJAT-13831(JN885201)
Bacillus pacificus str. EB422(FJ785476)
Bacillus fungorum(MG601116)
Bacillus mycodes(AB021192)
%8 Bacillus wiedmannii str. FSLW8-0169(KU198626)
37 Bacillus mobilis str. 0711P9-1(HM222672)
Bacillus cereus str. Bactisubtil(AJ277908)
Bacillus thuringiensis str. NBRC101235(AB426479)

— Bacillus acidicola str. 105-2(AF547209)
(KY038814)

|: Bacillus dafuensis str. FJAT-25496
20 Bacillus fenggiuensis str. NPK15(KC291653)

Bacillus ectoiniformans str. NE-14(KJ461712)
68 @|j|:Bacillus aerolatus str. CX253(MN442345)
93 Bacillus encimensis str. SGD-V-25(KF413433)

%Eacil/us tepidiphilus str. SYSUG01002(MN595122)
Bacillus cihuensis str. FJAT-14515(JX262264)

—— Bacillus yapensis(MK243676)
4 Bacillus alveayuensis str. TM1(AY605232)
£Bacﬂlus salitolerans str. KC1(KF751884)
Bacillus tianmuensis str. B5(FJ483934)
E. coli str. ATCC11775T(X80725)

88

|

0.05

Fig. 2B: Phylogenetic tree constructed from the internal transcribe spacer 1 of 16S rDNA of strains NG105 and related organisms constructed using
Maximum Likelihood algorithm from an alignment of 1370 nucleotides. Accession numbers of corresponding sequences are given in parentheses, and
scale bar represents 1 base substitution per 50 nucleotide positions. The bootstrap probabilities calculated from 1,000 replications. E. coli Str. ATCC

11775T was taken as an out-group.
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Tum  3/22/2021
Xx5000 200k/ SEI  SEM WD 82mm 11:10:26

Fig. 3: SEMimage of Bacillus subtilis 5000X.

[ Pectinase Cellulase B Amylase

Enzyme activity (U ml" min”)

Incubation Days
350+ [ Pectinase Cellulase B Amylase

300
250
200
150
100

Enzyme activity (U ml" min™)

25°C 35°C 45°C
Temperature

Fig. 4: Effect of (a) fermentation period and (b) incubation temperature on pectinase, cellulase and amylase using mosambi peel as substrate by Bacillus
subtilis.
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97 kDa

66 kDa

51kDa

30 kDa

25kDa

18 kDa

14 kDa

Fig. 5: SDS PAGE (12%) profile of protein marker and partially purified enzymes obtained by growing Bacillus subtilis on pure substrates viz. pectin,
cellulose and starch. Abbreviation: Lane M- protein marker, L-1 amylase, L-2 cellulase, L-3 pectinase.

Pectinase

Activity Retension (%)

Immobilized Immobilized
BA WS

B Cellulase

Immobilized

@ Amylase

AR RRRRRRR

Immobilized
PS RH

Free enzyme

Fig. 6: Activity retention of pectinase, cellulase and amylase enzymes present in multiple enzyme preparation immobilized on different fibre matrices

(BA-bagasse; WS- wheat straw; PS- paddy straw and RH-rice husk).

The turbidity and cloudiness of fruit juices are due to the
presence of pectin, cellulose, hemicelluloses, lignin, starch,
protein, tannin, phenols etc. The enzymatic process of fruit juice
clarification is a widely accepted technology at commercial scale.
A combination of the pectic group of enzymes with cellulase is
used ata commercial level for juice clarification.

The cloudiness can be removed by enzymatic treatment.
The addition of enzymes also results in improved yield for the
juice. With the commercial pectinase enzyme, the highest juice

yield obtained was 72%, while with the crude multienzyme extract
from Bacillus subtilis was 64% whereas in control it was only 30%.
The juice extraction efficiency of partially purified crude
multienzyme preparation was 88% of commercial pectinase.
Shrestha et al. (2021) reported 6% increase in apple juice
recovery by use of enzyme produced by Bacillus sp. Rana et al.
(2017) reported use of a-amylase produced by Bacillus subtilis
isolated from mushroom compost, increased the clarity of apple
and kiwi juice by 60% and 55% better colour, taste, flavor, and
overall acceptability, respectively. Kothari et al. (2013), Pectinase
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and amylase enzymes isolated from Aspergillus awamori grown
on apple pomace, mosambi and orange peel as solid substrate
clarified apple juice substantially.

The present study reports the feasibility of using mosambi
peel as promising substrate for the production of multienzyme
(pectinase, cellulase and amylase) by Bacillus subtilis isolate
under solid-state fermentation. The enzyme can be immobilized
in bagasse fibre matrix however, the activity of free enzyme was
higher even after storage. The multienzyme preparation may find
potential use in depolymerization of complex organic substrates
and juice clarification.
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