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ABSTRACT : L-Asparaginase is an effective chemotherapeutic enzyme catalyzes hydrolysis of the amino acid
asparagine into aspartate and ammonia which is essential for tumour cells. It has been effectively used in
the treatment of acute lymphoblastic leukemia and lymphosarcoma. Acrylamide, the low molecular weight
human carcinogen, has neurotoxic and genotoxic effects. The mechanism behind the inhibition of
acrylamide generation in food systems are the hydrolysis of carboxamide group of amine in asparagine into
asparatic acid and this lead to either elimination or reduction in acrylamide content in food. Utilizing of L-
asparaginase as a mitigation technique for reduced acrylamide concentration is the main promising
application in food industry. The present review focuses on enzyme sources, mechanism of action as well
as a detailed information about its production and purification. It also provides some recent updated
information about its chemical structure, physiochemical, kinetic properties of the enzyme and its
applications in food industry.
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I. INTRODUCTION

Enzyme technology has allowed scientists to utilize, modify, and improve the efficiency of enzymes to
improve their maximum function and efficacy (Offman et al., 2010; Savitri et al., 2003). The microbial
lasparaginase (lasparaginamide hydrolase, E.C. 3.5.1.1) is widely used and has been studied for its potential asa
carcinogen (Benchamin et al., 2019). Lasparaginase has many uses in the pharmaceutical, healthcare and food
industries (Cachumba et al., 2016). Many studies have shown that rasparagine acts as an anticarcinogen because
of the potential and chemical efficiency of converting asparagine (present in cancer cells above normal levels) to
ammonia and aspartic acid. (Ray et al., 2019). Therefore, rasparaginase is an unavoidable tool for the treatment
of acute malignancies of the lymphatic system and melanoma (Dias et al., 2016). Lasparaginase suppresses the
growth of cancer cells by reducing lasparagin (a non-essential amino acid), which is an essential nutrient for
malignant cells and cancer cells. Lasparagnase is mainly produced by different microorganisms that inhabit
different ecosystems & # 40; Shukla et al. , 2014 & # 41 ;. Depending on the localization of rasparaginase in the
cell, it can be divided into two isoforms, rasparaginase | and I1. This allows these two forms to be genetically
distinguished from each other, and rasparaginases from different microorganisms have different properties. In
nature, rasparaginase occurs in a variety of structural forms, including dimers, tetramers, and hexamers.
Asparaginase can actively degrade acrylamide (C3H5NO), a small hydrophilic molecule that is a potential human
carcinogen. Acrylamide was classified as a carcinogen by the International Agency for Research on Cancer
(IARC) in 1994. In 2000, the WHO (World Health Organization) upheld the IARC's decision to declare
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acrylamide as a carcinogenic molecule (Krishnakumar and Visvanathan 2014). Acrylamide is found in high-
carbohydrate foods that are cooked at high temperatures (9). Acrylamide is formed by a mirrored reaction that
occurs at extreme temperatures between asparagine and carbonyl compounds. The temperature for acrylamide
production usually exceeds 100 ° C (Alam et al., 2019). Acrylamide is found in baked goods, fried foods and
starchy foods because asparagine is the main cause of acrylamide formation. Lasparagnase neutralizes the
production of acrylamide (Xu et al., 2016)

There are several sources for the isolation and purification of lasparaginase, but for commercial purposes it is
currently isolated from two major bacterial sources. Lasparagnase is present in most bacteria, fungi, plant tissues,
algae, and some animals. Rodents have rasparaginase in their serum, and humans lack this important enzyme
(12). The rasparaginase enzyme is considered to be the most important enzyme for its role in lymphoblast therapy
and its inhibition of acrylamide production as a side reaction during industrial food processing (Narta et al., 2007).
The importance of this enzyme is also demonstrated by its high global demand, which reached US $ 380 million
in 2017 and is projected to increase to US $ 420 million by 2025 (10). Due to the important health and industrial
importance of this enzyme, rasparaginase is currently being investigated for its powerful role in various types of
cancer, including breast cancer (14). This review focused on the use of rasparaginase enzyme technology in the
healthcare and food industry and expanded shortly thereafter. We have summarized the various enzyme sources,
their physicochemical and kinetic properties, and their wide range of uses.

1.1. Source of LAsparaginase:

The presence of rasparaginase has been studied in a variety of organisms, including non-human animals,
plants and microorganisms (bacteria, fungi, algae, yeasts, actinomycetes). Lasparaginase is found in various
groups of animals and plants, but other possible sources (bacteria, fungi, algae, yeasts, actinomycetes) are being
investigated by researchers for painstaking extraction strategies (" table 1). Obtaining enzymes from living
organisms on a large scale is much easier due to their simple manufacturing process. Here, we have described
various microbial sources of lasparaginase.

Table 1: Microbial species producing L-asparaginase

Sources Organisms Reference
Acinetobacter (15)
Calcoaceticus (Tiwari and Dua, 1996)
Azotobacter agilis (16)
Brevibacillus brevis 17)
Citrobacter sp. (18)
Escherichia coli (Microbiologica 1977,)
Enterobacter aerogenes (20)
E. cloacae (21)
Erwinia aroideae (Tiwari and Dua, 1996)
E. cartovora (23)
E. chrysanthemi (24)
Helicobacter pylori (25)

Bacteria Klebsiella pneumonia @an
Pectobacterium Carotovorum (Kotzia and Labrou, 2009)
Pseudomonas sp (27)
P. fluorescens AG (28)
P. geniculate (15)
P. ovalis (15)
P. stutzeri (29)
Pyrococcus horikoshii (30)
Serratia marcescens (27)
Thermus thermophiles (Pritsa and Kyriakidis, 2001)
T. aquaticus (32)
Vibrio succinogenes (33)
Citrobacter freundi (34)
Bacillus circulans (35)
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Continued Table. 1

B. coagulans

(36)

Bacillus sp.

37)

B. mesentericus

(Kotzia and Labrou, 2009)

B. polymyxa (38)
B. subtilus (38)
B. licheniformis (Fisher and Wray, 2002)
B. circulans MTCC 8574 (40)
Corynebacterium glutamicum (41)
Mycobacterium bovis (15)
M. phlei (34
Staphylococcus sp. 17
S. aureus (42)
Streptococcus albus (33)
Candida utilis (43)
Yeast C. guilliermondii (44)
C. bombicola (Daverey and Pakshirajan,
2010)
Rhodotorula sp. (Daverey and Pakshirajan,
2010)
Alternaria sp (46)
Fungi Aspergillus nidulans (47)
A. niger (44)
A. tamari (48)
A. oryzae (49)
A. terreus (50)
Cylidrocapron obtusisporum (50)
Mucor sp. (Mohapatra and Bapuji, 1997)
Fusarium roseum (52)
A.fumigatus (Mishra, 2006)
Actinomyces sp (53)
Actinomycetes Streptomyces albidoflavus (54)
S. aurantiacus (54)
S. collinus (55)
S. griseus (56)
S. gulbargensis (Amena et al., 2010)
S. karnatakensis (58)
S. longsporusflavus (59)

1. Physiochemical properties of l-asparaginases:

Physiochemical properties of few microbial 1-asparaginases are summarized in Table 2. It can be mentioned that
most of the microbial strains have optimum temperature variety of 37—-40 °C however the strains which includes
Thermococcus kodaka TK1656 and Thermococcus gammatolerans EJ3 produce thermo stable |-asparaginase
with an optimum temperature of 85 °C (Zuo et al., 2015a).

L-asparaginases from various sources different in optimum temperature and pH for max activity. L-asparaginase
from E. coli works at pH 6, the lowest pH in the list which shows that the enzyme works in a slightly acidic
medium (Muneer, et al., 2020). Almost all I-asparaginases isolated and purified from microbial sources work in a
basic medium that levels from a pH of 8.0 to 10. L-asparaginase obtained from Bacillus licheniformis work
correctly from slightly acidic to strongly basic conditions, i.e., 6.0-10 pH . The data for the molecular mass of the
enzymes show that the lowest molecular mass is for Yersinia pseudotuberculosis Q66CJ2 I-asparaginase i.e.,
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36.27 kDa while the enzyme with max molecular mass of 205 + 3 kDa on native-PAGE become produced from
Pseudomonas otitidis (Mahajan et al., 2014).

Table. 2: Physiochemical properties of l-asparaginases

Strain(s) Mass pH Temp. References
(kDa)  Optimum Optimum (°C)

Acinetobacter baumannii (R7) 160 7.2 37 (Nsayef, 2014)

Aspergillus niger N.R 6.5 40 (44)

Aspergillus sp 56 6.0 47 (61)

Aspergillus oryzae(CCT 3940) 115 7.0-8.0 30-40 (62)

Bacillus sp. 45 7.0-8.0 37 (63)

Bacillusaryabhattai (ITBHUO02) 115 8.5 40 (64)

Bacillus megaterium ( H-1) 40 7.0 40 (Zhang et al., 2015)

Bacillus firmus (AVP 18) N.R 9.0 37 (66)

Cornyebacterium glutamicum 80 7.0 40 (67)

Cladosporium sp 121 6.3 30 (67)

Escherichia coli 153 6.0 55 (Sindhu and Manonmani,
2018)

Fusarium culmorum (ASP-87) 90 8.0 40 ( Meghavarnam and
Janakiraman, 2018)

Mucor hiemalis 96 7.0 37 (Monica et al., 2013)

Penicillium sp. 66 7.0 37 (Patro and Gupta, 2012)

Rhizobium etli 47 9.0 37 (Moreno et al., 2012)

Staphylococcus sp 37.5 9.0-10 37 (73)

Streptomyces gulbargensis N.R 9.0 40 (Amena et al., 2010)

Thermus thermophiles 33 9.2 77 ( Pritsa and Kyriakidis,
2001)

2. Kinetic properties of microbial l-asparaginase:

To recognize the rate and specificity of most of the biological processes, it is vital to know the kinetic parameters
of the enzyme. Apart from understanding various properties of the enzyme during a biochemical process, kinetic
parameters are important to be understood to use enzymes effectively in different commercial processes. Table 3
shows the kinetics of substrate hydrolysis of l-asparaginase for different substrates. The affinity of the substrate
hydrolysis for the enzyme is calculated by Michaelis constant (Km). Vmax is defined as the maximum rate at
which an enzyme is completely saturated with its substrate awareness. Some such as bacterial and fungal |-
asparaginases are mentioned in Table. 3 along with the Kinetic parameters. Kinetic properties depend upon the
factors such as PH, temperature, type, and awareness of the substrate (Muneer et al., 2020).
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Table. 3: Kinetic properties of microbial l-asparaginase
Strains substrate Vmax Km Specific References
(mM) activity(U/mg)
Streptomyces fradiae N.R 511U/mL 10.07 30.06 (76)
Bacillus megaterium (H-1) l-asparagine 1.58 IU/ug 0.8 45 (Zhang et al., 2015)
Bacillus licheniformis |-asparagine 4.031U 0.014 0.22 (78)
Bacillus subtilis B11—06 l-asparagine 77.51 pmol/min 0.43 9.98 (79)
Cladosporium sp. |-asparagine 4.44 pmol/mL/min 0.100 83.3 (80)
Escherichia coli (DE3) I-glutamine 4.032mol/min 50 1.2 (Sindhu and
Manonmani, 2018)
Fusarium culmorum (ASP-  N.R 0.5 pmol/mL/min 3.57 3.125 ( Meghavarnam and
87) Janakiraman, 2018)
Mucor hiemalis |-asparagine 625 U/mL 4.3 69.43 (Monica et al.,
2013)
Penicillium sp. l-asparagine N.R 4.00 13.97 ( More, 2013)
Thermococcus |-asparagine 3300umol/mg/min 5.5 2350 (83)
kodakaraensis (TK1656
Staphylococcus sp. (0J82) N.R 61.4 U/mL 2.2 86 (Bacelar et al.,

2017)

3. Enzyme reactions and mechanism:

The hydrolysis process occurs in two steps via the intermediate beta acyl enzyme (Fig. 1). In the first step of the
process, the nucleophilic portion of the enzyme is activated by a strong base, attacking the amide carbon of the
rasparagin (substrate) to produce a beta acyl enzyme intermediate. The second reaction step is to attack the ester
carbon with a nucleophile activated by water molecules. (85) This mechanism is comparable to the classical
mechanism of serine proteases. The activity of serine proteases depends on the group of amino acids classified as
catalytic triads. This catalytic triad is composed of the nucleophilic amino acid Ser, the base histidine (His), and
the acidic amino acid aspartic acid (Asp), all bound by hydrogen bonds. Lasparagnase also has the ability to
catalase other reactions. For example, the rasparaginase produced by Serratia marcescens can hydrolyze 5% of
glutamine compared to the hydrolysis of rasparaginase. The same effect occurs with rasparaginase produced by
Escherichiacoli and Erwinia chrysanthemi. Other microorganisms such as Pseudomonas. Acinetobacter
glutaminase sificans synthesizes rasparaginase, which has equal activity of asparaginase and glutaminase. In some
cases, lasparaginase initiates the hydrolysis of glutamine only after the lasparaginase is completely converted to
aspartic acid. In fact, glutamine is a competitive inhibitor of asparagine hydrolysis. The hydrolysis of glutamine
and asparagine is similar because the structures of both amino acids are similar. Therefore, most of the microbial
L-asparagine has cross-glutaminase activity, with a few exceptions such as lasparagine produced by Wolinella
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succinogenes, which does not have glutaminase activity. Finally, rasparaginase can also hydrolyze aspartyl
peptide amides, but the reaction yields are significantly lower. ( 86 )

Free enzyme

o NH,, ( o NH,, O NH,,
D sd
L-asparagine Beta-acyl-enzyme Aspartic acid
intermediate

Figl: General mechanism of l-asparaginase reaction.

4. Asparaginase Structure:

Research has been carried out by many scientists to explain the structure of L-asparaginase enzyme at the
molecular level. Usually, L-asparaginase exists as a tetramer however hexameric, dimeric, and monomeric forms
are also observed while isolated from different sources. Most bacterial L-asparaginases exhibit quaternary and
tertiary systems. Molecular systems of E.coli and Erwinia sp. are very well investigated, and their structural data
is easily available (Aghaiypour et al., 2001).

Both E. coli and Erwinia sp. have similar three-dimensional structures (Lubkowski et al., 2003). Erwinia
carotovora enzyme includes tetramers (ABCD and EFGH) made up of 4 identical monomers (A to H) each. Three
hundred twenty-seven amino acids assemble in each monomer with 14 a-strands, 8 B-helices (Kozak et al., 2000),
and domains, a large N-terminal domain and a small C-terminal domain. The active site is placed in between
adjacent monomers (A and C: B and D). (Aghaiypour et al., 2001).

The tetramer includes 4 equal subunits. The whole molecule is considered as a dimer of dimers. Every active site
is shaped by the conveyance of amino acids in adjacent monomers. Following amino acids constitute (Sanches et
al., 2003). Active sites: Thrl5, Tyr29, Ser62, Glu63, Thrd5, Asp 96, Alal120, and Lys168, while only one residue
Ser254 is present in adjacent monomer. Thrl5 and Thr95 are the residues responsible for the catalytic activity of
the enzyme. (Asselin et al., 2000).

5. Applications of L-Asparaginase:
5.1- Applications in the healthcare industry:

Lasparaginase is a powerful anticancer drug and is widely studied in the health and pharmaceutical
research community. It is registered by the World Health Organization as an essential medicine, one of the safest
and most effective medicines (Muneer, et al., 2020). The antiproliferative effect of rasparaginase on leukemia
cells was first studied in the 1970s. The anticancer activity of asparaginase is due to its ability to hydrolyze
asparagine into aspartic acid and ammonia (87). Monitoring of asparagine clearance and anti-asparaginase
antibody has been shown to be important for assessing the efficacy of rasparaginase therapy (88). Injecting or
inoculating purified lasparaginase into the blood stream rapidly counters and depletes lasparagine concentrations
in the blood plasma as a result of which the tumor cells are suppressed due to unavailability of asparagine, which
is the highly required amino acid for the fastgrowing tumor cells E.coli derived lasparaginase is used to treat acute
lymphoblastic leukemia but due to the clinical hypersensitivity these enzymes are inactivated and the desired
results are not obtained(87). To avoid all these limitations, clinically modified versions of the enzyme are being
used and lasparaginase from different sources is being investigated for less cytotoxic effects. Furthermore, protein
engineering modifications in the purified lasparaginase has eliminated completely or partially the immunogenicity
of the enzyme that has enabled it to act as an antineoplastic agent. Although there are a number of therapeutic
lasparaginase products present in the market, current studies have shown that the lasparaginase from Erwinia
carotovora (ERWINASE) might be more efficient with fewer side Other brands approved by the FDA include
ELSPAR, KIDROLASE, and ONCASPAR which are currently being used against acute lymphoblastic leukemia
and lymphosarcoma (89) . The need for new and scientifically modified versions of therapeutic enzymes is of
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great interest in both biotechnology and medicine. Lasparaginase has been used for a variety of cancers, but for a
variety of allergic reactions that require biobetter (a new drug developed by enhancing and improving its
properties from existing peptide or protein-based biopharmacy). And because it is related to toxicity, it is not
without side effects (as affinity, selectivity, stability to degradation) commercially available rasparaginase
(Brumano et al., 2016).

5.2 - Application of fungal L-asparaginase in food industry:

5.2.1- Formation of acrylamide:

In 2002, the Swedish National Food Administration (SNFA) reported the presence of acrylamide in food with
high carbohydrate content subjected to elevated temperatures (Mottram et al., 2002) as shown in Fig. 2. Since
then, research institutions and food agencies have been investigating the toxicity, formation, mitigation, and
detection of acrylamide in food. Food related to human exposure to acrylamide are potato, coffee, and bakery
products (biscuits and bread) (Elshafei et al., 2012).

OH
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Fig. 2: Schematic diagram showing Acrylamide synthesis in foods

Estimates of food intake have been studied in several populations with different eating habits (91). When
acrylamide is taken orally with food, it is estimated to be 0.3-1.9 ug / kg. However, the foods that contribute most
to acrylamide intake vary from country to country depending on diet and cooking method (Claus et al., 2008).
The main mechanisms accepted by researchers to explain the formation of acrylamide in foods include the
Maillard reaction resulting from the reaction between food ingredients as amino acids and reducing sugars during
heat treatment (92). The first step in this reaction is the formation of Schiff base intermediates. This Schiff base
can then be hydrolyzed to the precursor of acrylamide, 3-aminopropionamide, or according to the figure, the amide
group can be split to form acrylamide directly (Claus et al). ., 2008). 2. Several observations have led to the
hypothesis that heating food may be an important cause of human exposure to acrylamide. Heating processes such
as frying and baking promote the formation of acrylamide, but this compound has not been detected in cooked
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foods (93). Factors that influence the formation of acrylamide in foods are processing conditions (temperature,
humidity, cooking time, product matrix) and precursors such as reducing sugars and free amino acids (mainly
rasparagin) (94). However, most methods of reducing acrylamide formation are aimed at removing its precursors
or suppressing or reducing the intensity of the Maillard reaction through various process changes (Pedreschi et
al., 2011). .. Most methods of reducing this toxic compound adversely affect both the taste and appearance of the
final product (Batool et al., 2016). The use of fungal lasparaginase is a relatively new, promising and excellent
technique for reducing acrylamide levels in foods. This enzyme supports mitigation strategies in two ways: it
interferes with the Maillard reaction or converts rasparagine to aspartic acid (non-toxic) to remove precursors
without altering the nutritional value, appearance, or taste of the final product. (Batool et al., 2016). Lasparaginase
can be used as a food additive to achieve technical objectives during manufacturing. Enzymes need to be removed
from food or inactivated, but the presence of trace substances or derivatives thereof is acceptable. Enzyme
residues, including denatured rasparaginase, can range from 0.14 to 428 mg / kg food (Kumar and Nigam, 2012)

5.2.2- French fries:

Products derived from potatoes (Solanum tuberosum), French fries are widely consumed in many
countries. Fried potato products have contributed to 50% of the human ingestion of acrylamide in European
countries (Keramat et al., 2011). The amino acid Lasparagine is recognized as the main precursor for the formation
of acrylamide in products derived from potatoes, so it is important to verify the performance of the enzyme in the
decrease of this compound, since a high content of this amino acid in potatoes may be also related to the increase
of the acrylamide formation (95). The potential of acrylamide formation in potatoes is related to several factors
such as: Lasparagine content and reducing sugars, color, and moisture (in fresh potatoes), oil and utensils used for
frying, content of polar compounds in the frying oil (during the frying process), color, thickness, and visual color
(after frying). Other relevant factors related to the formation of acrylamide in potatoes are: potato variety, soil
type, fertilization, weather, storage, cutting, blanching, and drying process, and use of additives .Though all those
factors are related to acrylamide formation, reducing sugars and Lasparagine are the limiting factor for acrylamide
formation in potato products (96). Acrylamide reduction in potato chips has been tested under a variety of
conditions using a combination of bleach and Aspergillus oryzae lasparaginase, in addition to treatment alone.
The maximum reduction (90%) was achieved when bleached (85 ° C / 3.5 minutes) and then immersed in
lasparaginase solution (50 ° C / 20 minutes). Heat treatment was able to induce structural changes in potatoes,
promoting the diffusion of enzymes into tissues and, as a result, promoting and enhancing their action (Pedreschi
et al., 2011). A study reporting the reduction of acrylamide in french fries using the fungal lasparaginase of
Aspergillus oryzae CCT 3940 (50 U / mL) showed a 72% reduction in acrylamide compared to controls (180 °).
After 7 minutes frying process in C). Sample (Dias et al., 2017). Lasparaginase produced by Fusarium culmorum
(ASP87) has been used to reduce acrylamide in potato products. The potato chips were enzymatically treated at
40 ° C for 30 minutes and then fried at a temperature of 170-180 ° C for 90 seconds. It was observed that 300 U /
L of rasparaginase was required to reduce acrylamide levels in potato chips and french fries by 85% and 94%,
respectively. Asparaginase was effective in suppressing the formation of acrylamide and reducing rasparagin. The
authors also found that various types of products sourced from the local market (Bangalore, India) contained high
levels of acrylamide. Values above 3020 pg / kg were observed with potato chips and 4475 pg / kg with french
fries (Meghavarnam et al., 2018a).

5.2.3- Bakery products:

The color of baked goods is one of the most important attributes that influences consumer acceptability in addition
to food quality (97). The Maillard reaction is involved in the formation of certain sensory properties of these
products, and acrylamide is also formed during the reaction. In Europe, 20% of acrylamide intake is due to baked
goods (Keramat et al., 2011). 2013 Brazilian Consumer Protection Association (Cunha et al., 2019a). Evaluating
the amount of acrylamide in 51 products across eight categories: potato chips, sweet and tasty cookies, cream
crackers, French bread, snack foods, and toast, French bread, candy and cookies have the highest acrylamide
levels. | found that. For example, sweet biscuits show acrylamide content values of 1100 mg / kg to <100 mg>
97% by treating gingerbread with a commercially available rasparaginase enzyme without affecting the sensory
quality of the final product. I did. Vass, Amrein, Schonbachler, Escher and Amado (2004) were able to reduce the
acrylamide content of biscuits by up to 70% using commercially available lasparaginase. These authors also did
not observe changes in color or taste. Anese, Quarta, Peloux, and Calligaris (2011) investigated the effect of
biscuit composition on the ability of lasparaginase (Novozymes®) to minimize acrylamide formation. Various
recipes for biscuits were tested, water composition and fat types changed, and 900 U / kg flour was added to all
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treatments. The authors concluded that the difference in the efficacy of rasparaginase may be related to the
different composition of the foods evaluated. Despite its ability to remove acrylamide, rasparaginase showed a
better reduction of acrylamide in high water content biscuits, but the reduction of acrylamide decreased with
increasing fat content in the biscuits. In another study, the effect of rasparaginase on the formation of acrylamide
in biscuits was evaluated using an experimental modeling model. Anese, Quarta and Frias (2011) found that the
use of medium concentrations of lasparaginase (500 U / kg) minimized acrylamide formation at the lowest
incubation temperatures in the shortest time. Color, an important parameter of biscuits, was unaffected by the
application of the enzyme. The rasparaginase gene from Rhizomucor miehei was modified by Huang et al. Clone
and expressed in E. coli. (2014) Using an enzyme (10 U / mg flour), we reduced the acrylamide content of biscuits
and achieved a reduction of about 80%. Moreover.

5.2.4- Coffee:

Along with potatoes and grain products, roasted coffee is one of the products with the highest acrylamide content.
The two main types of coffee used to prepare drinks are Coflea arabica and Coflea canefora robusta. The quality
of the drink depends on the proportion of each coffee bean (99). Compared to roasting Arabica coffee beans,
roasting Robusta coffee beans contains higher levels of acrylamide (100). According to the results of the European
Food Safety Authority (EFSA) Contaminants Panel (CONTAM) in the food chain, more than 1500 coffee-based
products were analyzed between 2010 and 2013, with an average acrylamide concentration of 578 ng / roast
coffee. It was g (CONTAM). , 2015). .. Coffee has high levels of acrylamide due to the roasting process. Storage
conditions may also contribute to the formation of acrylamide (Mesias and Morales, 2016). Exposure to
acrylamide, from roasted coffee consumption, varies from country to country, age, and sex of the consumer, roast
grade and volume of coffee in gested, andsoon (100). Consequently, daily intake of this product represents a
significant source of exposure to acrylamide. Another problem is related to the fact that acrylamide is a polar
molecule. Preparing ground coffee with hot water can completely extract the acrylamide contained in roasted
coffee beans (103). One of the precautions against the formation of acrylamide is to use lasparaginase to maintain
the lowest concentration of this compound during roasting. It acts on precursors such as rasparagin, creating
adverse reaction conditions (100). A study by Hendriksen, Budolfsen and Baumann (2013) evaluated the effect
of asparaginase on the reduction of acrylamide in coffee. Green arabica beans were steamed in water at 100 ° C
for 45 minutes and treated with rasparaginase at 60 ° C for 60 minutes. The authors observed a maximum reduction
when using a concentration of 6000 ASU / kg grain, a 70-80% reduction in rasparagin content, and a 55-74%
reduction in formation.

5.2.5 bread:

In the potato, wheat, and rye model systems, a linear relationship was observed in the formation of acrylamide
compared to residual levels of asparagine and reducing sugars. There are many studies aimed at reducing
acrylamide formation during baking: acrylamide levels follow asparagine levels and heat treatment in terms of
time and temperature. Fiber bread produces higher levels of acrylamide because the highest acrylamide content is
in the crust and the highest asparagine content is not in the starchy endosperm portion of the grain (104). In
gingerbread, ammonium bicarbonate strongly promoted the formation of acrylamide. Both acrylamide
concentration and browning intensity increase with baking time and correlate with each other. The use of baking
soda as a baking agent reduced the formation of acrylamide. Reduced levels of asparagine, replacing reducing
sugars with sucrose or by adding organic acids, could also lower the acrylamide content (105).

This also occurred to sweet bakeries, like biscuits. Ammonium hydrogen carbonate also affects acrylamide
content in other type of bread. Ammonium hydrogen carbonate is an effective amino source in the formation of
acrylamide, i.e. acrylamide content increases when ammonium hydrogen carbonate is added, but decreases when
sodium hydrogen carbonate is added, which only effect the pH of the product (106).

One way of reducing free asparagine is to ferment the dough with yeast. Sourdough inhibits the asparagine
utilization of the yeast (Krishnakumar et al., 2014). Added asparagine, but not fructose has increased the
acrylamide content in wheat bread and rye crisp bread. In wheat bread, most of the acrylamide was in the crust
(Surdyk et al., 2004; Mustafa et al., 2005). Addition of glycine reduces the content of acrylamide in cereal and
potato products (Brathen and Knutsen, 2005).
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In a cracker model, sodium hydrogen carbonate eliminated acrylamide. To a lesser extent, ammonium hydrogen
carbonate, cysteine, sodium bisulfite, and ascorbate also enhanced elimination. Citric acid, ferulic acid, and
sodium chloride, were found to decrease the amount of acrylamide produced while having little or no effect on
elimination. Asparagine, but not reducing sugar, caused a large increase in acrylamide formation (Levine and
Smith, 2005).

5.2.6- Almonds:

In almonds acrylamide increases with roasting time and temperature, but temperature have much higher
impact on the formation than time. During the roasting procedure sugars are consumed faster and to a larger extent
than free asparagine, suggesting that the content of reducing sugars is the critical factor for formation of
acrylamide in roasted almonds. Acrylamide was found to decrease in roasted almonds during storage at room
temperature.(111).

Table 4: Formation of acrylamide and application of fungal L-asparaginase in food industry

Food items Pretreatment Reduction in Source of Reference

acrylamide formation  L-asparaginase

Enzyme load: 500 U kg-1 23-75% Aspergillus (112)
pretreatment time: 11-15 Min oryzae
Gingerbread enzyme load: 1000 U kg-1 97% Commercial (112)

Pretreatment time: 30—60 min,

French fries Enzyme load: 10-20 U mL-1, 80% Thermococcus  (113)
pretreatment time: 5 Min zilligii
French fries enzyme load: 10.5 ASNU per 60-85% Aspergillus (Parameswaran et al.,2018)

mL-1 Min soaking time oryzae
Potato chips 300U L-1 85% Fusarium ( Meghavarnam et al., 2018)
culmorum
Potato crisps Enzyme load: 0-40 units 80% Bacillus subtilis  (98)
Coffee Enzyme load: 30 IlUmL-1, 55-74% Aspergillus (98)
various dosages oryzae
Sweet bread Enzyme load: 50-300U, Crust: 97%, Cladosporium (115)
pretreatment time: 25 Min. crumb:73% sp.
Conclusion

From the past 30 years, a lot of research had been done for the role of L-asparaginase as a potent antitumour drug.
It was first found that the guinea-pig serum exhibit an anti-cancer properties. Later on this drug was isolated from
E.coli and Erwinia sp. which have been used in the treatment of acute lymphocytic leukemia since then. But the
lower yield of the enzyme is also one of the major concerns. Not only various mode of productions and
optimization conditions were adopted to isolate the enzyme from different sources all over the world to enhance
its production but also a various kind of modifications of this enzyme had been tried by scientists to reduce its
immunogenicity and increase its half-life. The application of L-asparaginase in the food industry for cleaving of
the asparagine and elimination of cancer-causing acrylamide from baked food has been one of the eminent
discoveries of mordern time.
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