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Large quantities of pectin-rich fruit processing residues, particularly peels and pulps, are
generated annually and are commonly discarded, causing organic waste accumulation and
environmental pressure. These residues are rich in pectin that can be biologically utilized by
microbes to convert into value-added products. Pectinase is one such product with applications
in juice clarification, textiles, pulp and paper industries, and biofuel processing. However, its
industrial use is restricted by high production costs and the limited availability of thermostable
enzymes suitable for elevated processing temperatures. Therefore, to overcome these gaps, the
present study aims to isolate the thermostable pectinolytic bacteria from the fruit waste. Fruit
peel and pulp waste were collected from local juice vendor of BIT Mesra, Jharkhand, India and
was used as a source of thermotolerant microorganisms. Samples were serially diluted, plated
on nutrient agar, and incubated at elevated temperatures. [solates were screened for pectinolytic
activity on pectin agar using iodine staining, followed by quantitative enzyme assays using
DNSA method. The most productive isolate was identified by 16S rRNA gene sequencing.
Submerged fermentation was performed using citrus pectin as the main carbon source, and the
effects of pH, temperature, substrate concentration, and nitrogen concentration, were first
evaluated using a one-variable-at-a-time approach. Significant factors were then optimized
using response surface methodology with a D-optimal quadratic design. Of the fifteen
thermotolerant isolates obtained, seven showed pectinolytic activity. Three with the highest
hydrolysis indices were selected, and isolate BIOSMNF45 exhibited the highest extracellular
enzyme activity and was identified as Bacillus siamensis. The enzyme showed good
thermostability, retaining nearly full activity after 30 minutes and about 78% activity after 60
minutes at 45 °C. Preliminary optimization indicated optimal production at 1.0% citrus pectin,
0.4% yeast extract, pH 6.0, 45 °C, 150 rpm, and 24 hours of incubation. Statistical optimization
increased enzyme yield by approximately 6.7-fold compared to unoptimized conditions.
Substrate concentration and temperature had the strongest positive effects, while excessive
substrate or nitrogen reduced production, likely due to viscosity and metabolic repression. In
conclusion, this study demonstrates the effective utilization of pectin-rich fruit waste for the
production of valuable bioproduct (pectinase) through thermotolerant Bacillus siamensis. The
combined experimental and statistical strategy improved yield and clarified key process
variables, supporting sustainable waste valorisation and circular bioeconomy approaches.
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Table 3: Tabular representation of primary screening of
pectinolytic bacteria on PSAM plate

Temperature Name of isolates Pectin degrading index Enzymatic index (EI %)
(PDI %)
BIOSMNLO1 ND ND
BIOSMNLO02 223.71 1.23
BIOSMNL10 ND ND
BIOSMNLI11 ND ND
40 °C BIOSMNLI12 107.14 0.09
BIOSMNL22 184.14 1.00
BIOSMNL24 ND ND
BIOSMNL25 ND ND
BIOSMNL26 ND ND
BIOSMNF14 123.01 1.22
BIOSMNEF31 ND ND
45°C BIOSMNF32 200.16 1.02
BIOSMNF45 284.71 1.84
BIOSMNF48 ND ND
50 °C BIOSMNMO1 259.52 1.59

ND= not detected
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Comparison of enzyme activity of different isolates
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Effect of different parameters on pectinase production from B. siamensis (BIOSMNF45) by OVAT approach
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Effect of different physiochemical parameters on pectinase production from B. siamensis (BIOSMNF45) by
RSM approach
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