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Abstract

The thesis encompasses the detailed study on the detection of acrylamide in various Indian

food products. The study focused on acrylamide, various mitigation strategies viz. enzymatic
and non-enzymatic, employed for acrylamide reduction in food systems, while the later studies
more focussed on acrylamide degradation using amidase enzymes. The work features the

development of the chemosensor for rapid detection of acrylamide in food samples.

To address the challenges of quantification of acrylamide in Indian food products (fried and
baked), the extraction and determination of acrylamide was established. The detection reported
high level of acrylamide in heat-processed food products through HPLC. Further, the non-
enzymatic strategies involving natural antioxidant compounds resulted in alleviation of
acrylamide content in food systems. The natural compounds, commonly found in Indian spices
and herbs were utilized for inhibiting Maillard reaction, and eventually acrylamide formation.
In vitro testing of cinnamyl alcohol on acrylamide formation revealed that there was 83.3%
reduction in the formation. Furthermore, the antioxidant compounds present in guava leaves
extracts were also employed in frying oils for mitigation of acrylamide formation in Indian
staple food (poori). The deterioration of oils due to heating resulted in the generation of lipid
oxidation products that are responsible for acrylamide formation. The antioxidant compounds,
present in guava extracts, showed affinity towards lipid oxidation products and inhibited the
formation of acrylamide up to 27%. These results of natural antioxidants were compared with

synthetic antioxidant, BHT (butylated hydroxytoluene).

Moreover, the work intended to explore the enzymatic strategies using microbial L-
asparaginases and their immobilized preparation as pre-treatment method for acrylamide

reduction in food systems. L-asparaginases have gained attention in food industry as it prevents
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the formation of acrylamide in starch-rich fried foods. The use of L-asparaginase has been
regarded as a promising strategy among the various methods, established to reduce the content

of acrylamide in baked, fried, and roasted foods.

Therefore, current research efforts have been directed to microbial production of
L-asparaginases, nano immobilization and mitigation strategies to combat the levels of
acrylamide. The nano immobilization offers unique properties to the enzymes. The
L-asparaginase from two microbial sources, Bacillus aryabhattai and E. coli were employed
for immobilization on functionalized magnetic nanoparticles. The nano immobilization
increased their thermal stability up to four-fold at high temperature (70 °C). Moreover, the
applications of these immobilized preparations were tested for acrylamide reduction in food
system. The L-asparaginase from Bacillus aryabhattai demonstrated >90% reduction of
acrylamide in starch-asparagine food model system, whereas, E. coli L-asparaginase resulted
in >95% reduction in fried potato chips. These findings highlight the prospects of cost-
effective, thermostable, and immobilized L-asparaginase as promising candidates for food

processing applications.

Subsequently, the potential of amidase enzymes was also explored. Amidases are
underappreciated yet versatile enzymes involved in amide metabolism and degradation of
amide toxicants. They belong to the nitrilase superfamily, an important biocatalyst hydrolyzing
a wide range of amides (such as short-chain/mid-chain aliphatic amides, a-aminoamides,

acrylamides, and a-hydroxy amides, etc.).

During the course of research, a newly amidase-producing bacterial strain was isolated using

soil enrichment technique, and their enzymes were studied in detail. The genomic insights
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highlighted by whole genome sequencing, along with biochemical, structural, and kinetic
characterization, were elucidated to decipher the catalytic mechanism of amidases. Besides,
the amidase was purified by anion exchange chromatography. A 19-fold increase in amidases

purification was achieved.

As the function of amidases was not clearly understood and thus, required further
investigations. This led to envisaging molecular analysis, biochemical characteristics, and
functional studies to gain insights into their diverse biochemical capabilities for biocatalysis.
Further to it, amidase gene sequences were successfully amplified from Burkholderia sp. EMB
26. The ORF encoded a protein of 210 amino acids cloned in the pET-22b (+) vector for
overexpression in Escherichia coli BL21 (DE3). The comprehensive study was further
conducted on the biochemical and structural-functional characterization of purified and
recombinant amidases that hold tremendous applications and may be useful in acrylamide

degradation.

As an innovative part of the thesis, the chemosensor was developed by exploiting the DTT
and gold nanoparticles. The study features a new and elegant approach to the detection of
acrylamide in food systems. The novelty in the present work relates to the method of synthesis,
the designing of the product, and the process optimization to get the desired features in the
chemosensors. Rapid and simple electroanalysis of acrylamide was feasible by a gold electrode
modified with gold nanoparticles (AuNPs) and dithiothreitol (DTT) with enhanced detection
sensitivity and selectivity. The limit of detection (LOD) and the limit of quantitation (LOQ)
were estimated to be 3.11 x 107° M and 1 x 1078 M, respectively, with wide linearity ranging
from 1 x 108 M to 1 x 1073 M. The estimated levels of acrylamide in both the cases, potato

chips, and coffee samples by the sensor were in agreement with those of high-performance
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liquid chromatography. These findings point towards effective, sensitive, and accurate

quantification of acylamide via chemosensor electroanalyses.

The following research goals were accomplished:

The natural extracts of guava leaves contained antioxidants compounds that are
employed for inhibition of Maillard reaction. For enzymatic process, the nano-
immobilized L-asparaginases were investigated to alleviate the formation of
acrylamide. During pre-treatment of food system (potato chips) with L-asparaginase
immobilized preparations, a significant reduction (> 95%) of acrylamide formation was
observed.

An acrylamide-degrading bacteria Burkholderia sp. EMB 26, exhibiting amidase
activity, was isolated, and its novel amidases were characterized. The heterologous
expression of amidase was also attempted successfully.

The major highlight of the study was the development of a chemosensor, which was
sensitive to detect acrylamide at nano-level concentrations.

Overall, the long-term goal was to devise simple, powerful electrochemical-based
chemosensors as an adjuvant to the existing detecting tool for acrylamide and
successfully quantify the level in food samples. Hence, the significance of detection

levels of acrylamide in food systems was achieved.
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