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PREFACE 

Life Sciences have always been a fundamental area of science. The exponential 

increase in the quantity of scientific information and the rate, at which new discoveries are 

made, require very elaborate, interdisciplinary and up-to-date information and their 

understanding. Enhanced understanding of biological phenomena incorporated with 

interdisciplinary approaches has resulted in major breakthrough products for betterment 

of society. To keep the view in mind we are delighted to publish our book entitled 

"Frontiers in Life Science Volume VIII". This book is the compilation of esteemed articles 

by acknowledged experts in the fields of basic and applied life science. 

This book is being published in the hopes of disseminating new research and 

findings in the field of life sciences.. Life science can help us unlock the mysteries of our 

universe, but beyond that, conquering it can be personally satisfying. We developed this 

digital book with the goal of helping people achieve that feeling of accomplishment. 

The articles in the book have been contributed by eminent scientists, academicians. 

Our special thanks and appreciation go to experts and research workers whose 

contributions have enriched this book. We thank our publisher Bhumi Publishing, India for 

taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their blessings, 

without which this book would not have come into existence.  

 

Editors 
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Abstract:   

Enzymes, as functional ingredients either in partially purified form or as components 

of whole systems, have been used over the years in many areas of food processing such as yogurt 

preparation, beer fermentation, and pickling purposes. The full potential of these remarkable 

reagents has not yet been realized and, even at present, new uses are found for the existing 

enzymes and other enzymes from a variety of matrices are constantly being discovered. Enzymes 

are found in all body tissues and are involved in most forms of metabolic activity. The regulation 

of enzymes allows metabolism to adapt rapidly to changing conditions. The activity of an 

enzyme in blood serum represents a balance between its rate of liberation into the extracellular 

space and its rate of uptake from the extracellular space. Factors such as age, sex, and body 

weight affect this balance in individual subjects. Enzymes frequently appear in the serum 

following cellular injury or sometimes in smaller amounts from degraded cells or storage areas. 

Damage to or proliferation of cells from which enzyme originates leads to increased activity of 

the enzyme in the plasma. Such increased or decreased activity levels of tissue-specific enzymes 

in the serum serve as references in diagnosing disease or cellular disorder.  

Keywords: Enzyme, diseases/disorders, diagnosing, metabolism, serum 

Introduction:  

Enzymes as biocatalysts are widely utilized in industrial processes, beer fermentation, 

laundry detergents, pickling purposes, and to manage, furthermore as accelerate, the catalytic 

reactions to quickly and precisely obtain various valuable end products. Moreover, enzymes are 

widely used both at the laboratory scale and at the commercial level for a good range of 

applications, including stereospecific bioconversion, utilization of waste into beneficial end 

products or environmentally friendly substitutes, upgrading raw materials, and so forth.  

The diagnosis and monitoring of assorted diseases are extremely demanding nowadays 

for routine examination of clinical samples and other associated tests. These require typical 

analytical methods that demand proficient skill and time for collecting the specified sample 

volume to perform the clinical tests. The enzymes that are used for the detection/diagnosis or 

prognosis of disease conditions are called “diagnostic enzymes.” Moreover, thanks to their 

substrate specificity and quantitated activity within the presence of other proteins, enzymes are 

mailto:bharti.mul@gmail.com
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preferred in diagnosis and can be used as a diagnostic tool for disease detection. Worldwide, 

researchers have concentrated more on clinical applications of enzymes, like acid phosphatase, 

alanine transaminase, aspartate transaminase, creatine kinase, gelatinase-B, and lactate 

dehydrogenase, then forth. Enzymes are preferred bio-markers in various disease conditions, like 

myocardial infarction, renal disease, disease, rheumatism, schizophrenia, cancer, etc. They 

supply insight into the diseased condition by diagnosis, prognosis, or assessment of response 

therapy. While literature reveals the utilization of enzymes in disease conditions, a 

comprehensive analysis continues to be lacking (Singh et al., 2019).  

Enzymes are preferred in diagnostics, due to their substrate specificity and their activity 

is quantitated within the presence of other proteins. Disease states typically cause moderate to 

extensive tissue damage, depending on the disease's onset and severity. These conditions are 

typically formed by the action of enzymes selective to the diseased organ or tissue into 

circulation, leading to a rise in the action of such enzymes throughout body fluids. Thus, 

measuring enzymatic activity in serum/plasma and other body fluids has been used in disease 

diagnosis (Hemlatha et al., 2013).  

Enzymes in diagnosis of diseases  

The diagnosis of the serum level of certain enzymes has been used as an indicator of 

cellular damage that ends up in the discharge of intracellular components into the bloodstream. 

Hence, when a physician reveals that an individual needs to undergo a neurological enzyme 

assay, the aim is to determine whether or not there's brain damage. Commonly assayed enzymes 

for the diagnosis of varied diseases are alkaline phosphatase, creatine kinase, aminotransferases 

(alanine aminotransferase, and aspartate aminotransferase), dehydrogenases (sorbitol 

dehydrogenase and lactate dehydrogenase), cholinesterase, cyclooxygenase, tartrate-resistant 

acid phosphatase, etc. Many other enzymes are also involved in human and veterinary medicine 

for the clinical diagnosis of different diseases. The enzymes that facilitate the rapid diagnosis of 

various diseases are as follows:  

1) Cancer:  

Cancer is a condition in which a group of cells grows uncontrollably, resulting in 

uncontrolled proliferation and growth. If this growth is allowed to continue and spread, it might 

be fatal. In addition, metastasis is responsible for 90% of cancer-related deaths. Cancer can 

develop in a variety of body regions, including the lungs, breast, colon, prostate, brain, mouth, 

and possibly the blood. The amount of particular enzymes in the bloodstream becomes aberrant 

during the diseased state, which acts as a biomarker for cancer prognosis (Singh et al. 2019).  

The activity of the many enzymes in cancer tissue is different horn that within the homologous 

normal tissue. The various theories proposed to account for enzymatic differences in cancer are 

extensively reviewed and they include: (i) the deletion theory, which merely states that certain 
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enzymes are deleted in cancer cells; (ii) the anaerobic glycolysis theory, which relates elevated 

glycolysis in some tumours to increased activity of certain enzymes within the cancer tissue; (iii) 

the convergence theory, during which it's stated that the phenotypic patterns of enzymes are very 

similar no matter the origin of tumour; (iv) the molecular correlation theory, within which there's 

stated to be an unbalance in substrate specificities of enzymes involved in synthetic and 

degradative pathways; (v) the dedifferentiation theory, during which it's stated that disorganized 

organic phenomenon occurs in tumour cells and an abnormal enzyme pattern could also be 

thanks to repression or a derepression of genomes during the cancer process; and (vi) the 

dedifferentiation theory, within which the genome responsible for a fetal enzyme is derepressed 

in cancer tissue, and there is oncodevelopmental gene expression (Schwartz, 1982).  

A few enzymes that are involved in the detection of cancer are mentioned as follows:  

a) Acid Phosphatases (ACP):  

Human prostatic-specific acid phosphatase (PAP) is a secreted glycoprotein with a 

molecular weight of 100 kDa that is produced in the lysosomes of prostate epithelial cells. It has 

been established that it is connected to the mass of prostate tissue. PAP comes in two forms: the 

cellular form and the secretory form, both of which have various isoelectric points and molecular 

weights (Xu et al. 2019). It is a family of five ubiquitous tissue isoenzymes that hydrolyse 

organic monophosphate esters. They are found in a variety of human tissues, including platelets, 

lungs, osteoclasts, erythrocytes, liver, and kidneys. However, prostate specific acid phosphatase 

is about 100 times more prevalent in the prostate than in other tissue types. Since prostatic 

adenocarcinoma cells express prostatic acid phosphatase at high levels, it is used to monitor the 

progression of the disease (Taira et al., 2007).  

b) Cathepsin D (CD):  

A lysosomal hydrolase called cathepsin D is involved in both intracellular and 

extracellular proteolysis. In malignancy, this enzyme is generated and processed abnormally; 

most notably, it is oversecreted into the environment around tumor cells. This over-secretion 

might accelerate the growth and metastasis of the tumor by causing an excessive breakdown of 

the extracellular matrix (Abbott et al., 2010). Its significance in cancer cells is worth 

investigating, given its high expression in numerous malignancies. (Seo et al., 2022).  

c) Cysteine Cathepsins (CCs):  

Cathepsins are lysosomal proteases that can be divided into cysteine, aspartate, and serine 

cathepsins based on their active site. All organisms, from prokaryotes to mammals, have human 

cysteine cathepsins (Cts), which are characterized by a highly conserved cysteine residue in their 

active region. They are required for the breakdown of proteins that are internalized in the 

lysosomes by endocytosis, phagocytosis, and autophagocytosis (Rudzinska et al., 2019). The 

human genome contains 11 CCs (B, C, F, L, K, V, S, X/Z, H, W, and O), each of which has a 
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unique expression level and specificity that influences a different physiological response. CCs 

such as B, L, and H are widely dispersed and stable at neutral pH. Therefore, if they are secreted 

outside of their typical lysosomal location, they are detrimental. The CCs level rises in tumor 

diseases such as breast, ovary, uterine, cervix, lung, brain, head, and neck cancer.  

d) Dehydrogenases (DH):  

DH are oxidoreductases that oxidize a substrate by transferring hydrogen to an acceptor 

that is either a NAD+/NADP+ or a flavin co-enzyme, such as FAD/FMN. As a result, they are 

also known as donor dehydrogenases. Two dehydrogenases, sorbitol dehydrogenase, and lactate 

dehydrogenase are employed in cancer prognosis and are classed as dehydrogenases.  

i) Sorbitol Dehydrogenase (SDH)  

Sorbitol dehydrogenase (L-iditol-2-dehydrogenase) catalyses the reversible oxidation 

reduction reaction between the polyhydric alcohol D-sorbitol and D-fructose using 

NAD+/NADH as a cofactor. It is mostly found in the mitochondria and cytoplasm of 

human seminal vesicles, livers, and kidneys. Prostate cancer and precancerous colorectal 

neoplasms have been linked to aberrant SDH serum concentrations. Additionally, parenchymal 

hepatic disorders and acute liver injury can both be associated with an elevated level of SDH.  

ii) Lactate Dehydrogenase (LDH)  

Lactate dehydrogenase (LD) is a group of at least six NAD+-dependent isoenzymes 

(LD1- LD5 and LD6/LDX). It is acknowledged as one of the most prevalent enzymes found in 

nature. It belongs to the oxidoreductase class and is found in the final stage of anaerobic 

glycolysis. LDH catalyzes the reversible conversion of pyruvate to lactate while also 

oxidizing/reducing NADH to NAD+. Metabolic alterations in rapidly proliferating cancer cells 

are linked to increased glucose uptake and aberrant lactate dehydrogenase (LDH) activity, which 

regulates the conversion of glucose to lactic acid. As serum LDH levels were discovered to be 

often elevated in cancer patients and connected with poor clinical outcomes and resistance to 

therapy, LDH determination has become a standard supportive tool in cancer diagnosis and 

monitoring the effects of cancer treatment. (Forkasiewicz et al., 2020).  

e) Tartrate-Resistant Acid Phosphatase (TRAP)  

Tartrate-resistant acid phosphatase is a metalloenzyme of the acid phosphatase family 

that is produced as a monomeric proenzyme (TRAP 5a, 35 kDa). Post-translational cleavage of 

the monomeric form results in a disulfide-linked heterodimer (TRAP 5b) with an N-terminal 

fragment of 20–23 kDa attached to the 16–17 kDa C–terminal portion, which dramatically 

boosts phosphatase activity (Reithmeier et al. 2017). TRAP has received substantial research as a 

bone disease indicator in cancer patients. It often exists in the peripheral blood in low amounts. 

An increase in osteoclast activity is accompanied by the synthesis and release of TRAP and 

serum TRAP activity is enhanced in the presence of increased bone resorption. Pathological 
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diseases that cause elevated TRAP concentrations include Paget's disease, primary and 

secondary hyperparathyroidism, severe osteoporosis, and multiple myeloma, as well as bone 

metastases from breast cancer and other malignancies. (Honig et al., 2006).  

f) Thymidine Kinase (TK)  

Thymidine kinase, an enzyme involved in the production of nucleic acids, is regarded as 

a key indicator of tumour proliferation. Its expression is increased in cells during the S phase of 

the cell cycle and serves as a marker for proliferating cells. TK1 is found on chromosome 17q25 

and is only expressed in the cytoplasm of proliferating cells; it is not found in resting cells. TK1 

activity increases during the G1S phase and decreases during the G2mitosis phase. The balance 

of the intracellular TTP levels depends on TK1 activity. The cellular concentration of TK1 is 

undetectable at the start of G1. The enhanced expression in the early S phase is controlled by 

transcriptional and translational processes. Its activity has been linked to the proliferative activity 

of tumor cells. As a result, it might be helpful for the early detection of tumor cell proliferation 

and division. The creation of TK1 immunoassays has expanded the assay's accessibility and its 

suitability for use in solid tumor disorders. (Xiang et al., 2013, Jagarlamudi and Shaw, 2018).  

g) Glycosyltransferases  

Glycosylation, the most common form of protein PTM, has a significant impact on all 

biological processes. Glycosylation alterations are a common characteristic of cancer. It is 

required for recognition, signaling, and contact events within the cell and between cells and 

proteins, and it can play a structural role in folding and defining glycoprotein conformation, 

trafficking, and degradation. In addition to many other characteristics, glycosylation is crucial for 

adhesion, cell-matrix interaction, protection against proteases and immunological recognition, 

and membrane organization. Therefore, it is not surprising that little changes in carbohydrate 

structure have a large impact on a cell's biology and can turn a cell into cancer. Not only do 

changes in glycosylation accompany changes in neoplastic cell activity, but they are also 

important in the disease's growth and progression (Costa et al., 2020, Pucci et al., 2022).  

Phosphohexose Isomerase (PHI)  

Serum Phosphohexose isomerase (PHI) is a more sensitive indication of liver metastases 

than transaminases, lactate dehydrogenase, aldolase, isocitrate, malate dehydrogenase, and 

glutathione reductase. Although there is little correlation between PHI increases and the type and 

origin of the tumour (Schwartz, 1982).  

2) Cardiac Disorders:   

Cardiovascular diseases are those that affect the heart or blood vessels. These are often 

linked to atherosclerosis, a condition where plaque made of fat deposits in the arteries causes 

them to narrow and possibly block. Hypertension, a heart attack, a stroke, or peripheral arterial 

disease may occur from this. Cardiac irregularities have been associated with several risk factors, 
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including high blood cholesterol, physical inactivity, depression, and stress, excess weight, poor 

diet, and other risk factors. In addition to this, several enzymes can be utilized as a diagnostic 

tool to find heart issues early. (Singh et al., 2019).  

a) Amylases  

Alpha-amylase is a protein that is prevalent in human saliva. It is actively released by the 

salivary glands' acinar cells, which are innervated by sympathetic and parasympathetic ganglion 

neurons. These nerves cause the salivary glands to secrete salivary fluid and proteins in response 

to the main neurotransmitters acetylcholine and noradrenaline. The documented positive 

connection of alpha-amylase levels with sympathetic nervous system (SNS) activity, as well as 

the advantages of saliva as a sampling medium, are convincing reasons to explore salivary alpha-

amylase (sAA) as a biomarker for disorders defined by autonomic imbalance, among which 

heart failure is one prominent candidate (Suska et al., 2012).  

Creatine Kinase (CK)  

Creatine kinase (CK) is the primary phosphotransferase pathway in the heart that 

connects energy production to energy consumption (Lygate et al., 2012). Following the 

depletion of ATP in muscle cells, CK, an intracellular enzyme, catalyzes the transfer of a 

phosphate group from creatine phosphate to ADP to produce a molecule of ATP. Therefore, CK 

provides muscles with additional energy contained in creatine phosphate. Similar to this, while 

muscles are at rest, CK performs a reversible reaction of creatine phosphate. Three CK 

isoforms—CK-MM, CK-MB, and CK-BB—are known to exist; CK-MB is the most precise and 

accurate isoform for the detection of myocardial infarction. During myocardial infarction, 

muscular dystrophy, and inflammatory reactions, serum CK concentrations rise to a maximum of 

up to 2.0 U/mL, aiding in the early diagnosis of illness states. In addition to myocardial 

infarction, CK-MB has recently been identified as a biomarker in the diagnosis of simple 

hypertension and chronic renal disease (Singh et al., 2019).  

b) Gelatinases  

Gelatinases are proteolytic enzymes that degrade gelatine to produce polypeptides, 

peptides, and amino acids that are then used in several metabolic activities. In developing 

countries like India, coronary artery disease is the main cause of death, followed by myocardial 

infarction. As a result, early diagnosis of such medical states is essential. Gelatinase, in 

conjunction with lipocalin, is a powerful marker for the identification of acute kidney injury, 

cardiac remodeling following myocardial infarction, and myocardial fibrosis (Singh et al., 2019).  

c) Glycogen Phosphorylase (GP)  

  GP is a glycolytic enzyme that plays an important role in carbohydrate metabolism by 

mobilizing glycogen. GP is found in three separate physiologically distinct isoforms, GPMM, 

GPLL, and GPBB. Human skeletal muscle contains the majority of GPMM, GPLL is found in 
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all tissues except the heart, skeletal muscle, and brain, and GPBB is mostly produced by the 

brain and heart, where it is found in comparable tissue concentrations. Thus, when there is brain 

damage, a serum increase in GPBB should be highly selective for cardiac injury. GPBB is the 

most prevalent of the three isoforms and serves as a biomarker for anthracycline cardiotoxicity, 

acute myocardial infarction, coronary syndrome, pregnancy, and preterm preeclampsia (Lippi et 

al., 2012).  

3) Liver Diseases  

The liver, which is the largest internal organ, is involved in many physiological 

processes, including the filtration of blood and the metabolism of iron, glucose, and cholesterol. 

Hepatitis, Epstein Barr virus infection, fatty liver, excessive alcohol, and drug use, and other 

illnesses all affect the liver's proper functioning. Various enzymes are released into the 

bloodstream during these aberrant situations, and measuring these catalysts may lead to illness 

identification. Enzymes that help in the diagnosis of abnormal liver/liver damage are described 

as follows:  

a) Aminotransferases  

Aminotransferases (transaminases) are a type of enzyme that transfers amino groups 

between amino acids and oxoacids. The two therapeutically important aminotransferases are 

alanine aminotransferase (ALT), formerly known as glutamate pyruvate aminotransferase 

(GPT), and aspartate aminotransferase (AST), formerly known as glutamate oxaloacetate 

aminotransferase (GOT).  

i) Aspartate aminotransferase  

The presence of AST in the bloodstream aids in the diagnosis of damaged organs, 

particularly the heart and liver. L-aspartate and 2-oxoglutarate are transaminated by AST into 

oxaloacetate and glutamate. Red blood cells, muscle, and several organs, such as the kidney and 

pancreas, also contain AST. It can be used in conjunction with other enzymes to evaluate 

cardiac, hepatic parenchymal, and muscular disorders in humans and animals.  

 ii) Alanine aminotransferase  

In clinical diagnosis, the level of ALT acts as an important indicator of potential liver 

disease. Inside cell cytoplasm, ALT catalyzes the reversible transamination of L-alanine and 2- 

oxoglutarate into pyruvate and glutamate.  

b) Alkaline Phosphatase (ALP)  

In an alkaline environment, ALP hydrolyses the phosphate ester bonds. The rise in serum 

ALP levels is a useful indicator of liver disease, particularly cholestatic diseases with blocked 

bile ducts, such as obstructive jaundice.  
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c) Gamma Glutamyl Transferase (GGT)  

GGT is found in all human cell membranes and helps in amino acid transfer from one peptide to 

another. As a result, GGT is also known as a transpeptidase. GGT is present in large amounts in 

the kidney, liver, pancreas, and intestine, but is mostly found in serum that is made from liver 

tissue. GGT is therefore an important biomarker for hepatobiliary disease. GGT levels are 

somewhat increased as a result of toxic or contagious hepatitis (two- to five fold). In cholestasis, 

intrahepatic biliary obstruction causes serum GGT levels to be 5-30 times higher than normal. 

Other conditions such as hyperthyroidism, rheumatoid arthritis, myotonic dystrophy, and chronic 

obstructive pulmonary disease may also result in elevated serum GGT levels. (Singh et al., 

2019).  

4) Gastrointestinal and associated disorders  

Diagnostic enzymes produced from the stomach, pancreas, and, most notably, the liver 

are widely employed in clinical studies of digestive system illnesses (GI and related organs). 

Several enzymes are routinely used in clinical laboratories as specific indicators to diagnose such 

conditions since they are simple to assess using automated processes in routine blood tests. 

(Ullah et al., 2019).  

a) Gastric disorders  

In numerous studies, salivary pepsin has been used as a diagnostic marker for 

gastrointestinal reflux disease (GERD). In many trials for detecting GERD, pepsin detection has 

a sensitivity of 73 percent and a specificity of 88.3 percent, making such a test viable for clinical 

diagnosis. It has also been suggested that the presence of pepsin in saliva can serve as an 

indicator of laryngopharyngeal reflux (LPR). However, because saliva is a non-invasive sample, 

identifying pepsin in saliva would be immensely valuable in the clinical diagnosis of reflux 

illnesses.  

b) Pancreatic Inflammation  

The pancreas secretes various enzymes that aid digestion, but only a few of them have 

been associated with pancreatitis diagnosis. Patients with chronic pancreatitis frequently have 

lower-than-normal pancreatic amylase and lipase values. Pancreatic serum lipase and amylase 

levels decrease when chronic inflammation gets worse and pancreatic secretory function 

decreases; this functional loss is utilized to make a clinical diagnosis of chronic pancreatitis. The 

discovery of one of the two enzymes falling below the normal range, but not both, provides a 

high specificity for the diagnosis of chronic pancreatitis. (Ullah et al., 2019).  

5) Miscellaneous Enzymes  

a) Lysozyme  

Lysozyme plays a vital function in bacterial infection prevention by degrading 

peptidoglycan in the bacterial cell wall. N-acetylglucosamine (NAG) and N-acetylmuramic acid 
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(NAM), which are repeating amino sugars, are the building blocks of peptidoglycan and are 

connected by peptide bridges. Lysozyme breaks down the connections between NAG and NAM, 

making bacteria more permeable and leading to bacterial rupture. Many tissues, including the 

liver, articular cartilage, plasma, saliva, tears, and milk contain lysozyme.  

b) Lipases  

Lipases are common enzymes that can be found in microbial, animal, plant, and human 

sources. Many medical applications exist for lipases. Lipases have been employed in substitution 

therapy, which treats enzyme deficiencies in patients by giving them the enzymes externally. 

Lipases act as an activator of tumour necrosis factor and can thus be used to treat malignant 

tumors.  

c) Butyrylcholinesterase (BChE)  

BChE, commonly known as acetylcholinesterase, is a serine hydrolase that catalyzes the 

hydrolysis of choline esters such as acetylcholine. It is widely distributed throughout the 

neurological system, implying that it may play a role in neuronal function. Additionally, BChE 

functions as a possible biomarker for both cholinesterase depression and Alzheimer's disease. 

(Singh et al., 2019).  

Assay methods employed in diagnostic enzymology  

Enzymes are commonly employed in medicine to perform analytical tests, diagnose 

diseases, correct enzyme deficits, and heal wounds. Enzymes are critical tools in clinical 

pathology for detecting tissue damage and cellular illnesses induced by increased activity or 

concentration of certain tissue enzymes in bodily fluids. There are various methods for 

determining enzyme catalytic activity. The sensitivity of the research is further enhanced by the 

amplification effect provided by a single enzyme molecule's ability to catalyse the reaction of 

many substrate molecules. Most enzyme-catalysed reactions can be observed using 

straightforward, widely available spectroscopic and electrochemical methods. Today, 

immunoassays, which gauge the strength of the antibody-antigen interaction using enzymes, are 

also commonly utilized (Rakshit, 2006).  

1) Spectrometric assay methods 

Several oxidoreductase enzymes use NAD/NADH or NADP/NADPH as cofactor 

systems. Such mechanisms allow for easy interpretation of absorption observations at 340 nm, 

where NADH and NADPH absorption are significant but NAO and NADP absorption is low. 

Another UV-visible spectrometry approach employs calorigenic tool substrates. As these 

molecules are degraded by an enzyme, their colour changes. Fluorescence spectroscopy is 

widely utilized in enzymology due to its improved sensitivity over absorption techniques. 

Fluorophores are distinguished by their emission and absorption at separate wavelengths. The 

latter takes longer because excited molecules lose energy between photon absorption and 
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emission, allowing fluorescence to be measured against a dark backdrop (often at 90° to the 

incident light beam). This offers detection thresholds that are outside the range of absorption 

spectrometry. Chemiluminescence (CL) and bioluminescence (BL) methods in enzymatic 

analyses have seen an explosion of interest in recent years (Rakshit, 2006).  

2) Electrochemical assay method: Biosensors  

Electrochemical methods for monitoring enzyme-catalysed reactions are becoming 

increasingly popular, indicating that these approaches are being more frequently used in 

analytical research. Biosensors have grown in popularity because they combine the specificity of 

an enzyme reaction with the simplicity and compactness of an electrical transducer. A biosensor 

is a small analytical device that is directly connected to a physicochemical transducer or has a 

biologically generated or built-in sensing element. Discrete or continuous digital electrical 

signals proportional to a single analyte or a group of related analytes can be generated using 

biosensors. The needle-type enzyme electrode for subcutaneous implantation was a significant 

advancement in the application of glucose oxidase biosensors in vivo. Today, biosensors include 

a wide range of devices that combine electrochemical, optical, piezoelectric, and thermometric 

transducers with enzymes, nucleic acids, cell receptors, antibodies, and entire cells (Rakshit, 

2006).  

3) Enzymes and immunoassays methods  

Although antibody-antigen binding is very selective for detecting contamination or 

infection, directly assessing this reaction is time-consuming and complex. As a result, labels are 

employed to calculate the complexation product. The complexation is marked using enzymes, 

fluorescent compounds, and radioactive markers. Non-isotopic homogeneous immunoassays and 

heterogeneous immunoassays are the two types of immunoassays that utilize enzymes. The three 

most common types of detection systems used in ELISA are colorimetric, fluorescent, and 

luminescent. ELISA has two techniques: the sandwich technique and the competitive technique.  

The sandwich approach begins with an antibody attached to the polystyrene well, followed by 

the antigen to be measured. An enzyme conjugate is then administered to the well containing the 

bound antigen-antibody or immunological complex. A substrate is given with an enzyme 

conjugate coupled to the immune component. The competitive technique begins with an 

antibody that has been coupled to polystyrene well. An antigen blend and an antigen-enzyme 

combination are used in the test sample. The antigen-enzyme combination and an unlabeled 

antigen compete for inhibition. Depending on whether a certain antigen type is present in excess, 

one of two reactions can happen when it binds to a particular antibody. The most often used 

enzymes in ELISA labelling are E. coli, calf intestinal alkaline phosphatase, horseradish 

peroxidase, and β -D-galactosidase (Rakshit, 2006).  

 



Frontiers in Life Science Volume VIII 

  (ISBN: 978-93-91768-15-7) 

11 
 

4) Enzyme immunoassay of myeloperoxidase (MPO)  

This is an example of ELISA being used to detect leukaemia or airway inflammation 

induced by disease or environmental irritants in humans. In the indirect sandwich immunoassay 

of MPO, a human sample (blood antigen) is added to a mouse anti-MPO (antibody) coated well 

and incubated at room temperature for one hour before being cleaned. Rabbit anti-MPO is added, 

and the mixture is stirred for an hour. After that, the unbound rabbit anti-MPO is rinsed. 

Following a 30-minute incubation at room temperature with shaking, a goat anti rabbit antibody 

labeled with horseradish peroxidase (HRP) is added. After washing the unbound HRP-labelled 

goat anti-rabbit antibody, it is incubated for 30 minutes with 3, 3', 5, 5'-tetramethylbenzidine 

(TMB) substrate for HRO. The enzyme is denatured using IN HCI, which stops the process. At 

450 nm, the product's colour is measured spectrophotometrically. (Rakshit, 2006).  

Enzyme-linked immunosorbent assay (ELISA) in diagnostics  

ELISA, also known as a solid-phase enzyme immunoassay, is used to detect the presence 

of a specific protein (antigen or antibody) in blood samples. The basic principle underlying 

ELISA is to utilize an enzyme to detect antigen (Ag) or antibody binding (Ab). ELISA makes 

use of enzymes such as alkaline phosphatase, horseradish peroxidase, lactoperoxidase, and β -

galactosidase. The following three ideas are important to ELISA: (i) the enzymatic chemical 

reaction, in which the rate of formation of the Ag-Ab complex is used to quantify the amount of 

Ag or Ab participating in the reaction; (ii) the antigen-antibody reaction, in which the presence 

of Ag or Ab in a sample is identified; (iii) signal detection and quantification, which detects and 

quantifies the intensity of the coloured product produced by the enzyme and substrate. The most 

extensively used test for detecting or diagnosing virus infection, particularly infection with 

blood-borne viruses such as HBV, HCV, HIV, and HTLV. (Yoshihara, 1995).  

Conclusion:  

Enzymes are useful tools for the clinical detection of a variety of diseases because of 

their high specificity, sensitivity, quick response, simplicity of self-testing, portability, and other 

qualities. Enzymes' great specificity makes them an excellent choice for medical diagnostics. A 

review of the literature reveals numerous accounts of the use of enzymes in clinical diagnosis. 

Enzyme research for diagnostics is primarily conducted in laboratories. Therefore, it is crucial to 

commercializing the use of enzymes in diagnosing various disorders. To diagnose diseases, 

several enzyme-based biosensors have also been created. The most widely used enzymatic 

biosensor is the glucose biosensor, which measures glucose levels in blood samples. Without a 

doubt, as enzyme technology progresses, enzymes and enzyme-based biosensors will become 

more potent in detecting various diseases such as cancer, heart failure, epilepsy, and so on. Most 

enzymatic biosensors work well in the lab, but they face significant challenges when assessing 

real-world materials. In order to prevent nonspecific adsorption at the surfaces of the enzyme 
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electrode, innovative surface modification techniques are needed. To accomplish this, lab-on-

chip methods and recombinant enzymes can be used. Enzyme and enzyme-based biosensors can 

therefore be used to quickly detect very low-level targets.  
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Abstract:  

These days progress in implants and tissue engineering sector for society is owing to 

correlation between engineered biomaterials and life sciences. Bio-glasses are one of the 

important biomaterials for various medical applications, which involve tissue engineering in 

orthopedics and dentistry. Bio-glasses are bio compatible as the glass network is incorporated 

with the trace elements required for the functioning of human body. The bio-glass helps in 

regeneration of tissue and bone in the defected area. In present pandemic scenario, the orthopedic 

and inflammation problems in body demands engineered bio-glass materials with featured 

composition metrics for biocompatibility. This chapter showcases the required features of bio-

glass materials, classes of bio-glass, importance of hydroxy apatite layer in generation of tissue. 

In view of 3D printed bio-glass scaffold applications in implant sector, various synthesis and 

characterization techniques of bio-glass materials have been discussed. 

Keywords: Bioactive glasses, Bioactive glass-ceramics, Biocompatibility, Grafting materials, 

Additive manufacturing, Bone engineering applications. 

Introduction: 

Biomaterials are natural or artificial materials used to replace or support the functions of 

living tissue. To support living tissues, biomaterials should be biocompatible, bioactive, bioinert, 

biostable and biodegradable. In general biomaterials are classified as follows: 

a) Natural or synthetic polymers 

b) Metals 

c) Composites 

d) Ceramics. 

Selection of biomaterial in tissue generation for various bone engineering applications 

depend on features like mechanical strength, wear resistance, diffusion of ions, biocompatibility, 

and biodegradability [1]. In the above listed materials, firstly, natural or synthetic polymers have 

very low mechanical strength and cannot with stand for the strain in human body. Secondly, 

mailto:srinivasarao_l@vnrvjiet.in
mailto:rudramamba_ks@vnrvjiet.in


Frontiers in Life Science Volume VIII 

  (ISBN: 978-93-91768-15-7) 

15 
 

metals have high mechanical strength and wear resistance, but low biocompatibility and 

corrosion behaviour make this material unsuitable. Thirdly, composites having some cross-linked 

elastomers with high elasticity are good biocompatible materials. Finally, ceramics which are 

considered as bio-active glass have high mechanical strength, corrosion resistant and 

biocompatible. But high density, brittleness and low fracture strength are hurdles for them to 

become preferable material. The scaffolds used for bone regeneration require inorganic phase 

hydroxyapatite (HA) layer which is biocompatible [2]. Polymers and some composites do not 

have that feature. Therefore, calcium phosphate based inorganic materials can be preferred as 

bio-active glass or glass-ceramic with above mentioned features. Bioactive glasses/glass-

ceramics are used in tissue engineering and bone repair applications.  

1. Features required for Bio-glass materials  

The bio-glass material requires following features for the successful implementation in 

live body [2-4].  

1. The important property of bio-glass is biocompatibility and non-toxic nature. They 

should promote cell proliferation and cell adhesion. 

2. The nucleation and crystal growth takes place in almost all bio-glass scaffolds which 

involves heat treatment. The crystalline phases present in glass network should not 

disturb any kind of bio active process in cell or tissue. 

3. The interaction of SBF should form HA layer. 

4. The inflammatory response should not be exhibited. It should not show any traces of 

cytotoxicity. The tissue scaffolds provide temporary structure for new tissue generation. 

The neogenesis must be exhibited. 

5. Bio-glass should have mechanical strength suitable to that of tissue for durability against 

stress during routine activities in human body. 

6. The vascularisation promotes growth of cell in certain physical structure. This process in 

bone engineering requires interconnected porosity in bio-glass. The critical porosity for 

vascularisation and diffusion of nutrients is 90% with at least 100 micrometres pore 

diameter. 

7. The porous bio-glass with three-dimensional structure is required to regulate 

microenvironment for generation of new tissue. 

8. For commercialisation, these bio-glass materials should be inexpensive. 

The bioactive glasses have various applications, and they are shown in the below Fig. 1.  
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Figure 1: Application fields of bioactive glasses 

2. History and classes of Bio-glass materials 

Five decades ago, the bioactive glass of composition SiO2- Na2O- CaO- P2O5 was 

prepared by Hench et al. In 1969, excellent bone bonding ability and biocompatibility were 

discovered with composition tuning in above glass system [2-3].  The 45S5 glass system Bio-

glass contains 45% SiO2, 24.5% Na2O, 24.4% CaO, and 6% P2O5, in weight percent [1][4] with 

phase diagram is as shown in Fig. 2. This invention is the steppingstone for development of bio-

glasses for human body. 

 

Figure 2: Ternary compositional diagram given for 45% SiO2, 24.5% Na2O, 24.4% CaO, 

and 6% P2O5 glass by Hench for bone-bonding [4] 

Hench classified the bio-glasses into two classes based on interaction with surrounding 

tissues in body. They are class-A and class-B bio-glasses. 

Class-A Bio-glass: This glass biomaterial leads to osteo-conductive and osteo-productive effect 

due to rapid reaction on surface. This material helps in forming mature bones and determines 

extra and intracellular response at interface [5]. 

Class-B Bio-glass: This glass biomaterial leads to asteo-conductive effect and can be determined 

by extracellular response [6]. Few examples of class A and class B material are given in Table-1. 
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Table 1: Bio-glass and glass ceramic compositions, phases, and bio activity for medical and 

dental applications [5]. 

Name of Bio-

glass 

Composition in wt% 
Phase 

Class of 

bioactivity SiO2 Na2O CaO CaF2 MgO P2O5 

45S5 Bio-glass        

(Nova Bone) 
45 24.5 24.5 0 0 6 glass A 

S53P4 

(Abmin Dent -1) 
53 23 20 0 0 4 glass B 

A-W glass 

ceramic 

(Cerabone) 

34 0 44.7 0.5 4.6 16.2 

Apaptite- 

Beta 

Wallostonit

e glass 

B 

 

Methodology: 

The implementation of a bio active material in live body involves mainly a two-step 

process: 

Step-1: Specific reaction on surface of glass with stimulated body fluid (SBF) 

Step -2: It forms hydroxy apatite (HA) like layer which is responsible for the interactions in 

hard and soft tissue. 

The suitability of bio-glass depends on the interaction with body fluids. Especially class b 

bio-glass depends on the formation on HA layer along with the interaction with SBF. 

1. Formation of HA layer:  

  The general formula for hydroxy apatite (HA) is Ca10(PO4)6(OH)2. Here calcium is 

divalent cation Ca2+ and monovalent hydroxyl radical OH-. The five-step procedure is identified 

from the discussion by Hench [7] for his first bio-glass.  

Step-1: Bio-glass is immersed in SBF (aqueous phosphate solution) and interaction takes place 

 between H+ and network modifiers Ca2+, Na+ ions on glass surface.  

Step-2:   Hydrolysis of silica groups results in formation of Silanol groups. 

Step-3: Formation of Silanol groups increases the PH value of the fluid. Usually, the PH value 

 ranges from 4.2 to 8.0  

Step-4: Dissolution of Silica takes place due to increase in PH value and results in silicic acid 

 Si(OH)4 on glass surface. 

Step-5: Silanol groups at this stage acts as centres for nucleation and forms silica in insoluble 

 form.  

The reaction with interface of surface linearly depends on time [8][9]. It is given as  

𝑑𝑁

𝑑𝑡
= 𝑘𝑆 (𝑁𝑜 − 𝑁) ---------(1) 
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In above equation, ‘N’ is the concentration of silica in solution, ‘t’ is the ‘k’ is the rate 

constant, ‘S’ is the solid-state surface, and No is the equilibrium concentration of silica. 

2. Correlation between glass and human body elements  

The knowledge of various elements required in body parts is essential for selection of 

elements used to form glass network in bio-glass. These elements regulate acid- base ratio in 

body fluids. The tissue in human body comprises of 90% water. The elements like hydrogen, 

carbon, oxygen, and nitrogen acts as building blocks as they are major constituents of proteins, 

amino acids, Deoxy ribonucleic acid (DNA) and ribonucleic acid (RNA). Macro elements like 

Calcium, potassium, phosphorous, sodium and chlorine > 100 mg/dL are required for bones and 

teeth. Micro elements like copper, zinc, iron, sulphur, magnesium, strontium, and chromium < 

100 mg/dL are required for various enzymes and other body functions. The low ratio of Ca/P is 

one of the reasons for hypothyroidism [10 - 12]. Zinc is necessary for metabolism and cell 

replication [11]. Silicon biologically, acts as cross-linking agent for the structure and tissue 

connectivity [13]. The excess amount of iron may cause Alzheimer’s disease and other 

neurological disorders like degeneration of neurons [14]. Therefore, the bio-glass composition 

should be in line with body elements and the excretions or end products due to the bio-glass 

interaction in body should not hamper the balance of elements in human body. This is the clear 

reason for compositions of bio-glasses mentioned so far. 

Synthesis  

1. Melt-quenching method 

In melt quenching method the suitable constituents with 99.9% purity is weighed as 

according to the composition requirements in mol% or wt%. The weighed powders are mixed 

thoroughly without lumps through ball milling. The mixed powders are exposed to elevated 

temperatures greater than 1000oC - 1600o C in furnace. The glass melt was casted or moulded 

into a pre-heated brass mould and transferred to annealing furnace near 200oC- 500oC to avoid 

thermal stress. Before annealing, the melt can be derived into fibres. After annealing, the 

nucleation of crystals in glass is done by the heat treatment for a stipulated time. This time varies 

with the composition metrics of glass [15]. It ranges from 5 hours to 48 hours. Fig. 3 shows 

flowchart of melt-quenching method of synthesis of glasses. The example for melt quench 

derived glass is 45S5 glass.  

 

Figure 3: Flowchart of melt-quenching method of synthesis of glasses 
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2. Sol-Gel method  

In Sol-Gel method, the first phase is hydrolysis. The reagents which are called as solution 

precursors are mixed well by rigorous stirring with help of magnetic stirrer in phase. The 

homogeneous solution forms a three-dimensional network which results in increase of viscosity 

and there by formation of gel. This is the second phase which is called as condensation. In third 

phase called ageing, the gel was treated at low temperatures (60 oC -80oC) to increase the 

mechanical strength of the structure. To eliminate the liquid phase the gel is dried at (100oC - 

150oC). Further to stabilize the compound, thermal treatment was given at temperature greater 

than 750oC which the final phase is called calcination as shown in Fig. 4. The example for this 

sol-gel derived bio-glass is mesoporous bio-glass [16]. Usually, they are used for drug deliveries. 

 

Figure 4: Mesoporous bio active glass by sol gel method [16] 

 

Biomaterials have been incorporated into sol–gel processing, which is a flexible and 

adaptable approach. Bioactive glasses synthesized from sol–gel are considered third-generation 

biomaterials since they are bioactive, resorbable, and osteoproductive. Because of their surface 

textures, sol–gel-derived bioactive glasses have been proven to have increased bioactivity as well 

as the ability to enhance cell proliferation and differentiation [17].  

3. Flame synthesis process 

The method for manufacturing porous bioactive glass (BG) microspheres is provided as a 

scalable, low-cost processing approach. By using normal melting, a glass powder with a 45S5 

BG composition and unevenly shaped particles is created. To induce pore formation during the 

subsequent flame synthesis phase, glass powder is alkali activated [18]. Fig. 5 shows schematic 

representation of a typical flame synthesis process [19]. 
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Figure 5: Schematic representation of a typical flame synthesis process  

(CC Attribution 4.0) 

4. Microwave energy synthesis  

Fig. 6 shows schematic diagram of bio-glass synthesis and characterization. Microwave 

energy irradiation is used to make bioactive glasses in an economical hydrothermal chemical 

process. Microwave sintering at temperatures ranging from   700 °C to 1000 °C temperature is 

used to examine densification behaviour. In-vitro examination of apatite formation behaviour by 

inserting the bioactive glass in simulated bodily fluid was used to examine the biocompatibility 

of the produced materials. In SBF, the extent of apatite production was examined in 1 to 3 days 

[20].  

 

Figure 6: Schematic diagram of bio-glass synthesis & characterization (CCA – NC 3.0) 

 

5. Additive manufacturing (3D printing) by Selective Laser Sintering (SLS) /Selective Laser 

Melting (SLM)  

Generally, the powder based 3D printing method of “Selective Laser Sintering/Selective 

Laser Melting (SLM) is used to synthesize the glass-ceramics [21]. It applies laser beam to fuse 

the melted powders of the composition together. Layer of mixed powder is placed on substrate 

and another layer is fused by melting the powder by using high intensity laser at around at 
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1000oC. The product is expected to be a crack free, fine grain and high flexural strength. Fig. 7 

shows various scaffolds for tissues and organs, which have been 3D printed in the regenerative 

medicine field [22]. 3D scaffolds are typically made of biocompatible glasses, glass-ceramics 

and polymers. 

 

Figure 7: Schematic of 3D-printing of various scaffolds for tissues and organs (CC BY 4.0) 

Characterization Techniques 

1. Structural evaluation by FTIR and Raman Spectroscopy 

Quite often, the Fourier transform infrared (FTIR) spectroscopy or Raman spectroscopy 

are used extensively to characterize various materials in the material fabrication industry. The 

FTIR/Raman spectroscopy provides valuable information about the base structure of glass-

ceramics. And, they reveal the presence of clear bands at wave numbers attributed to the various 

functional groups of the glass formers, modifiers and dopants. Fig. 8 shows FTIR spectra of a 

typical bioactive glass 58S [23].  

 

Figure 8: FTIR spectra of bioactive glass 58S before (a) and after in vitro experiments for: 

b) 2 days, c) 5 days and d) 10 days (CC BY-NC-ND) 

2. Bioactivity Properties 

4.2.1 Cell cytotoxicity and proliferation assays: Cytotoxicity is analyzed using the CCK 

viability assay, where 2  ×  104 cells/96-well plates of rMSCs cells are cultured using 

conditioned media for a period of 1-3 days. The cytotoxicity will be measured with the help of 
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CCK-8 assay by hatching the samples for 2-3 hours in dark condition at room temperature. 

Then, the optical density of the samples will be determined at 450 nm by using the iMark micro 

plate reader (BioRad, USA) and converted into cell viability [24].  

4.2.2 In vitro antibacterial assays: The antibacterial activity of calcium-phosphate bio-glass-

ceramics are determined with help of species of the model Gram-negative bacteria Escherichia 

coli (E. coli, ATCC 25922) [24]. 

4.2.3 In vitro bioactivity experiments: The hydroxyapatite (HAp)-forming ability of the bio-

glass-ceramic samples in vitro will be analyzed by immersing the the samples in simulated body 

fluid (SBF) at 36.5 °C [25]. 

Discussion: 

Now a day, a special need of replacement or repairing of injured and decayed human 

body parts such as ankle, wrist, bone, teeth, skull etc. are urged in the medical field.  The medical 

research has been continuously focusing to explore new biomaterials in order to rebuild the 

damaged body parts and their biological function artificially. Bioactive glasses are well known as 

glass-ceramic biomaterials of surface reactive in terms of both bone and soft connective tissues. 

The biocompatibility of such materials has made them as implant and grafting elements in the 

human body to replace or repair the unhealthy and injured bones.  

 

Figure 9: SEM image of a bioactive glass. 

(Image courtesy of Oregon State University under CC BY-SA 2.0) 

Fig. 9 shows scanning electron microscope (SEM) image of a bioactive glass 

(https://flickr.com/photos/33247428@N08/23827874391). Bioactive glass materials are different 

from other biosynthetic graft materials made of calcium phosphate/sulphate minerals such as 

Ca10(PO4)6(OH)2 and Ca3(PO4)2, CaSO4 etc. Though, the biosynthetic graft materials exhibit 

anti-infective and angiogenic characteristics, still they are brittle, non-rigid and sometimes slow 

toxic [26].  

Most of the bioactive glasses are of calcium phosphate and silicate based glasses that they 

are softened in human body fluids, thereby can act as a sources of ions favorable for restorative 

healing elements. Bioactive glasses are anti-infective and angiogenic in human body cells. 

Calcium phosphate bioglass ceramic materials have been investigated extensively because of 

their composition resemblance of natural bone, good biocompatibility, osteoconductivity and 

bone grafting properties. The silicate based glass implant materials exhibit considerably better 

https://flickr.com/photos/33247428@N08/23827874391
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mechanical strength comparing with the calcium phosphates. The silicates are dexterous of 

establishing a resilient bond between the glass implant and the host bone through hydroxyapatite 

crystals [27]. Ian Thomson (Department of Oral and Maxillofacial Surgery, Guy’s Hospital, 

King’s College, London) has worked on a project entitled “Face Corsets and Bioactive Glass 

Facial Implants” for medical application. The research work has acquainted the advancement of 

new medical practices by implantation of the bioglass materials into the human body. Fig. 10 

shows the implanting of bioglass implants on acrylic skull, made by Dr. Ian Thompson, 2006  

(https://collection.sciencemuseumgroup.org.uk/objects/co8083929/bioglass-implant-of-the-right-

side-of-jaw-made-by-bioactive-glass-implants). 

 

Figure 10: Implantation of bioglass on acrylic skull  

(Image courtesy of Science Museum, UK under CC BY-NC-SA 4.0.) 

Generally, bioactive glass ceramics are made by subjecting bioactive glasses to thermal 

treatment in order to convert their structure from non-crystalline to semi-crystalline or 

crystalline. The mechanical strength of the bioactive glass ceramics improves significantly by 

crystallization. The glass-ceramics are regularly manufactured in two steps as follows [28]: In 

first step, a glass is formed by any one of the conventional glass-manufacturing processes 

amongst melt-quenching, sol-gel method, etc. Later, the prepared glass is cooled down to room 

temperature and is then reheated up to 500oC in a second step. The glass can be partly 

crystallized due to heat treatment. In most of the cases nucleation agents (transition metal oxides) 

are added to the base composition of the glass-ceramic. When the glass-ceramics are prepared in 

this way, the control of dimensional tolerances becomes very difficult. More ever, they may 

exhibit weak in tension, poor shock resistance, and internal cracks etc [29]. Recently, technical 

bio-glass ceramics based on zirconium, silicon, titanium, tri-calcium phosphate, carbon and 

nitride have been fabricated by 3D printing (additive manufacturing). The glasses and glass 

ceramics produced by 3D printing have improved mechanical stability, thermal and wear 

resistances [30]. The glass-ceramics fabricated by additive manufacturing can exhibit very 

fascinating properties such as non-toxic (lead free), zero porosity, high strength, high toughness, 

good transparency, low thermal expansion, high temperature stability, high fluorescence, high 

chemical durability etc [31]. Thus, these materials are used for various applications such as 

biomedical, energy, automotive etc., which have better optical and mechanical properties than 

that which are conventionally made [32]. Bioglass ceramics have been considered as bone 

https://collection.sciencemuseumgroup.org.uk/objects/co8083929/bioglass-implant-of-the-right-side-of-jaw-made-by-bioactive-glass-implants
https://collection.sciencemuseumgroup.org.uk/objects/co8083929/bioglass-implant-of-the-right-side-of-jaw-made-by-bioactive-glass-implants
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scaffolds because of their good mechanical strength and biocompatibility. Bioglass ceramics are 

analogues to mineral structure of the bone tissues. They provide the large scale of cell attachment 

and growth of stem cells. More ever, bioglass ceramics easily anticipate to bonding the nearby 

living tissues directly at implantation site. Recently, bioglass scaffolds containing mesoporous of 

Mg-Ca-Si, gliadin (GA) and polycaprolactone (PCL) were printed by using 3D Bio-printer as 

shown in Fig. 11. These 3D-printed scaffolds have shown controllable dimensional architecture, 

good biocompatibility, biodegradability, higher compression strength and exceptional 

osteogenesis (in vivo) and they have potential applications in tissue engineering for bone 

regeneration [33]. 

 

Figure 11: Photographs of 3D- printed bioglass scaffolds implanted into femoral bone 

defects for 1 (a, d, g), 2 (b, e, h) and 3 months (c, f, i). CC Attribution – NC 3.0) 
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Introduction: 

Recently, materials with dramatically better physical, biological and chemical qualities 

have been the focus of a technological revolution in the globe brought on by 

nanotechnology and nanosciences (Sundrarajan et al., 2012; Wani and Shah, 2012). Nowadays 

the unique properties of nanomaterials have motivated the researchers to develop many simpler 

and inexpensive techniques to produce nanostructures of technologically important materials. 

Several metal oxide nanoparticles are produced with possible future applications. In this regard, 

nanoparticles are recognized as antibacterial agents due to their size, structure, and surface 

properties (Raghupathi et al., 2011). 

Antibacterial substances can often be divided into organic and inorganic antibacterial 

substances. Though organic antibacterial agents have significant drawbacks that restrict their 

applicability, such as poor resilience to processing conditions. Thus, inorganic antibacterial 

agents have shown more potential for bacterial control (Fang et al., 2006; Jung et al., 2008). The 

main advantage of inorganic antibacterial agent, compared to organic antibacterial agents, is the 

greater stability under extreme processing conditions (Hewitt et al., 2001; Makhluf et al., 2005). 

Metallic nanoparticles are used in all areas of science, engineering, and medicine, and they 

continue to entice researchers to discover new realms of their value, which is typically related to 

their matching small sizes. The latest studies have demonstrated their antibacterial relevance 

(Shakeel et al., 2015). 

Due to their outstanding antibacterial characteristics and high surface area with volume 

ratio, metallic nanoparticles are thought to be the most promising due to the rising microbial 

resistance to antibiotics, metal ions, and the emergence of resistant strains (Khalil et al., 2013). 

Metal oxide nanoparticles represent a new class of important materials that are increasingly 

being developed for use in research and medical applications, due to their desirable varying 

physical and chemical properties and also the apparent antibacterial activity. 
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Nanoparticles of noble metals have been studied as anti-bacterial/ anti-microbial agents 

with growing interest, since they exhibit markedly distinct physical, chemical and biological 

properties from their bulk counterparts and in this new area of composite science, there is a great 

deal of study being done on the utilisation of semiconductor and metal clusters as improved 

additives for polymers. The metal and metal oxide nanomaterials commonly used as 

antimicrobial agents are Silver (Ag), Gold (Au), Zinc oxide (ZnO), Silica (SiO2), Titanium 

dioxide (TiO2), Alumina (Al2O3), and Iron oxides (Fe3O4, Fe2O3) (Sharma et al., 2009; Fortunati 

et al., 2012; Campoccia et al., 2013). 

Currently, research has been done on a few inorganic antibacterial substances, 

particularly inorganic metal oxides as AgO, MgO, ZnO, and CaO (Stoimenov et al., 2002; 

Roselli et al., 2003; Tang et al., 2012; Zhen-Xing and Bin-Feng, 2014). The size, content, 

crystallinity, and shape of metal NPs like TiO2, ZnO, and silver are primarily what define their 

inherent qualities. 

According to Zhang et al. (2009), the high reactivity and oxidising power of reactive 

oxygen species (ROS) is what makes them poisonous to bacteria. It has also been noted that 

aquatic ZnO-NPs solutions produce an increased quantity of ROS. ROS production has been 

cited as the primary source of nanotoxicity in a number of studies (Adams et al., 2006; Huang et 

al., 2008; Xia et al. 2008; Zhang et al., 2009). Prasad et al. (2011) assert that a significant 

portion of the antibacterial properties of certain metal oxides can be attributed to the 

photocatalytic production of ROS. 

Metal and metal oxide nano particles:  

Silver nano Particles:  

Silver has long been used in medicine, even in ancient times it was used as a preservative 

and also to reduce inflammation and prevent against infection of wounds (Moghimi, 2005). 

Scaling down silver to the nanoscale (nanoparticles) provides a higher specific surface area and a 

higher fraction of surface atoms that improves its antimicrobial activity compared with bulk 

silver (Sondi and Salopek-Sondi, 2004). Silver nanoparticles have been used in more than 200 

consumer products, such as pharmaceuticals, clothing, and cosmetics, due to their medical and 

antibacterial qualities (Shakeel et al., 2015).  

Silver became commonly used in medical treatments, such as those of wounded soldiers 

in World War I, to deter microbial growth (Ankanna et al., 2010). A well-known antibacterial 

agent, silver is effective against more than 650 distinct types of microorganisms, including fungi, 

bacteria, and viruses. More recently the metal is finding use in the form of silver nanoparticles. 

In ancient Indian medical system (Ayurveda), silver has been described as therapeutic agent for 
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many diseases (Ankanna et al., 2010). Similar to their bulk cousin, silver nanoparticles 

effectively combat both Gram-negative and Gram-positive bacteria, even extremely 

multiresistant strains such as methicillin-resistant Staphylococcus aureus (Pan´aˇcek et al., 

2006).  

Silver nanoparticles are regarded as a new generation of antibacterial agents and the unique 

properties of silver nanoparticles (Ag NPs) have been extended into a broader range of 

applications. Incorporation of Ag NPs with other materials is an attractive method of increasing 

compatibility for specific applications (Fortunati et al., 2012).  

Silver nanoparticles (NPs) or silver ions have long been known to have strong inhibitory 

and bactericidal effects in solutions and composites with silica films and particles (Ag/SiO2) 

with developed surface area (Kawashita et al., 2003; Tiwari et al., 2008). Silver is typically 

utilized to create an antibacterial effect in the form of nitrate, but when silver nanoparticles are 

used, there is a significant increase in the surface area that which the microbes can be explosed 

(Shakeel et al., 2015). 

According to Shrivastava et al. (2007), silver nanoparticles in the size range of 10-15 nm 

were created with improved stability and anti-bacterial effectiveness. Typically, the synthesis of 

silver nanoparticles involves one of two methods: either a "top to bottom" method or a "bottom 

to up" method (Shakeel et al., 2015).  

 

Figure 1: Different approaches of synthesis of silver nanoparticles (Shakeel et al., 2015) 

A component of silver's antibacterial actions is the creation of ROS, which causes 

oxidative stress and may weaken cell membrane structure. Bacterial death has been linked to the 

release of ions from nanoparticle surfaces that bind to cell membranes (Kim et al. 2007; 

Emamifar et al. 2011). 
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Because of their antioxidant or reducing capabilities, which are frequently responsible for 

the reduction of metal compounds in their respective nanoparticles, many studies have been 

conducted on the biological synthesis of silver nanoparticles employing microorganisms such as 

bacteria, fungus, and plants (Shakeel et al., 2015). The broad use of nanosilver, however, raises 

concerns regarding its fate and potential adverse effects on environment and human health (Benn 

and Westerhoff, 2008). Mei et al. (2012) determined that nano-Ag induced mutation and 

oxidative stress mediated by ROS formation in mouse lymphoma cells. Kim et al. (2013) found 

that in cultured cells and animal tissues, nano-Ag caused genotoxicity, oxidative stress, and 

apoptosis. 

Silver ions antimicrobial activity is believed to work by impairing DNAs ability to 

replicate and through the inactivation of key proteins by denaturation when they are bound 

together (Sondi and Salopek-Sondi, 2004). Another study showed that with the use of silver 

nanoparticles in conjunction with antibiotics like amoxicillin, penicillin G, erythromycin, 

vancomycin and clindamycin, provided an increase in the effectiveness of the antibiotics 

(Shahverdi, 2007). Silver nanoparticles show great potential as antimicrobial agents in 

applications, as they are of low cost and easily synthesized, and could be used to treat material 

surfaces to provide highly effective antibacterial materials. 

Green synthesis of silver nano particles  

Conventionally silver nanoparticles are synthesized by chemical method using chemicals 

as reducing agents, which later on become accountable for various biological risks because of 

general toxicity; which engenderes the serious concern in developing environment friendly 

processes. As a result, biological ways are emerging to fill the gap in order to achieve the goal. 

For example, green syntheses, which use biological molecules originating from plant sources in 

the form of extracts, outperform chemical and/or biological methods (Shakeel et al. 2015). As a 

result, a crucial area of nanotechnology known as "green synthesis" is developing. Using 

biological elements like microbes, plant extract, or plant biomass instead of toxic chemicals and 

energy-intensive physical processes could produce nanoparticles in an environmentally benign 

way (Reddy et al., 2012).  

Plant based silver nano particles:  

A large number of plants are reported to facilitate silver nanoparticles syntheses (Shakeel 

et al., 2015). These silver nano particles synthesis with Alternanthera dentate exhibit 

antibacterial activity against Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumonia 

and Enterococcus faecal (Kumar et al., 2014).  
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Silver nanoparticles were synthesised from extract of Boerhaavia diffusa. XRD and TEM 

analysis revealed an average particle size of 25 nm of silver nanoparticles having face-centred 

cubic (FCC) structure with spherical shape. These nanoparticles were studied for their 

antibacterial activity against bacterial pathogens, viz. Aeromonas hydrophila, Pseudomonas 

fluorescens, and Flavobacterium branchiophilum and demonstrated highest sensitivity towards 

F. branchiophilumin in comparison with other two bacteria (Nakkala et al., 2014).  

 

Table 1: Green synthesis of silver nano particles based on plants, fungi and bacteria 

Plants/Fungi/Bacteria Size (nm) Shape References 

Plants 

Boerhaavia diffusa 25 Spherical Suna et al. 2014 

Psoralea corylifolia 100-110 Spherical Sunita et al. 2014 

Tribulus terrestris 16–28 Spherical Mariselvam et al. 2014a 

Cocous nucifera 22 Spherical Mariselvam et al. 2014b 

Fungi 

Trichoderma viride 5-40 Spherical Fayaz et al. 2010 

Phaenerochaete 

chrysosporium 

50-200 Spherical Vigneshwaran et al. 2006 a 

Aspergillus flavus 8.92 Spherical Vigneshwaran et al. 2006 b 

Fusarium oxysporum 5-50 Spherical Senapati et al. 2004 

Bacteria 

Escherichia coli 50 Not available Gurunathan et al. 2009 

Corynebacterium 

glutamicum 

5-50 Irregular Sneha et al. 2010 

Bacillus cereus 4-5 Spherical Babu and Gunasekaran 2009 

 

Fungi based nano particles:  

The designed nanomaterial that is utilised the most frequently is nanosilver. Recent years 

have seen an upsurge in the use of silver-based antiseptics due to the prevalence and growth of 

bacteria that are resistant to numerous antibiotics. Fungus Trichoderma viride was used to 

biosynthesize silver nanoparticles (Fayaz et al., 2010). 



Bhumi Publishing, India 

32 
 

When fungi like Fusarium oxysporum, Verticillium, or Aspergillus flavus were used, 

AgNPs were formed in the form of a film, in solution, or aggregated on the surface of its cell 

(Senapati et al. 2004; Bhainsa et al. 2006; Vigneshwaran et al. 2007; Jain et al., 2011). 

Bacteria based silver nano particles:  

The development of biomimetic methods for the synthesis of sophisticated nanomaterials 

has been facilitated by the secrets learned from nature. Recently, researchers have worked to 

employ microorganisms as potential environmentally benign nano factories for the production of 

silver nanoparticles. Silver nanoparticles are known to be created by a variety of 

microorganisms, with the majority of these particles being spherical (Mukherjee et al., 2001; 

Ahmad et al., 2003; Fayaz et al., 2010). 

Titanium- Chitosan nano fibres:  

Chitosan is also known as soluble chitin. Chitin consists mainly of unbranched chains of 

beta-(1 → 4)-2-acetamido-2-deoxy-D-glucose (=N-acetyl-dglucosamine). It is similar to 

cellulose, in which the C-2 hydroxyl groups are replaced by acetamido residue. Chitosan is 

obtained from chitin and is the second abundant natural polymer after cellulose. This is 

environmental friendly, non-toxic and non-allergic to human body (Mathur et al., 1990; Lehr et 

al., 1992; Ravi-Kumar, 2000). As a cationic polymer, it shows excellent antimicrobial, 

antibacterial and antifungal properties via ionic interactions with the cell wall and has 

bactericidal effects as well (Jolles and Muzzarelli, 1999; Zheng and Zhu, 2003; Qi et al., 2004).  

Depending on the method used to create the biopolymer, chitin is a co-polymer of N-

glucosamine and N-acetyl-glucosamine units dispersed either randomly or in blocks along the 

chain of the biopolymer (Khor and Lim, 2003). This biopolymer is the most abundant polymer 

after cellulose (Rinaudo, 2006) and is synthesized by a broad variety of organisms of different 

taxonomic groups, including insects, arachnids and crustaceans, but also in lower invertebrates 

such as sponges, coelenterates, nematodes and mollusks (Merzendorfer, 2011). Chitin is a 

biocompatible, biodegradable and non-toxic polymer. These properties lead to several 

biomedical applications in tissue engineering and wound healing (Jayakumar et al., 2011).  

The combination of acrylic copolymers with improved properties (e.g. film formability, 

weather resistance and appropriate mechanical properties) together with chitosan; with 

antibacterial properties and inability of film formation; would be a novel approach to introduce a 

new class of antimicrobial coatings (Torabi et al., 2015). 

Exceptionally good antibacterial activity especially against typhoidal bacterial strain of 

Chitosan was studied by Yadav and Bhise (2004). They found that the efficacy was high against 

several strains of Salmonella enterica, which were resistant to commonly used antibiotics such as 
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chloramohenicol and ciprofloxacin (Gavhane et al., 2013). Tsui-Chu et al. studied the 

antibacterial efficacy of the water-soluble N-alkylated disaccharide chitosan derivatives against 

E. coli and S. aureus (2005). It was discovered that the kind of disaccharide and the degree of 

substitution (DS) with the disaccharide in the molecule both had an impact on the antibacterial 

activity of chitosan derivatives. The results obtained from the studies carried out by Grumezescu 

et al. (2012) indicated that the tested biomaterial chitin improved the antimicrobial activity of the 

currently used antibiotics in the treatment of E. coli and P. aeruginosa infections.  

Based on its biomimicry, bioactivity, and biocompatibility, TiO2-chitosan nanocomposite 

is an ideal material with a great potential for bone regeneration, restoration and tissue 

engineering. Recently, TiO2-chitosan nanocomposites have proven to be promising biomaterials 

for orthopaedic and tissue engineering applications. These materials were created using five 

different chitosan ratios. The composite with a 2:1 titanium:chitosan ratio favourably achieves 

adequate hydroxyapatite production, high surface area, targeted antibacterial action, enhanced 

cell viability, regulated swelling, and degrading rate. (Kavitha et al., 2013). 

The results obtained by Torabi et al. (2015) illustrate that the acrylic/chitosan films are 

quite nontoxic. The authors concluded from the studies that a new generation of antibacterial and 

non-toxic coatings with appropriate film forming properties would be prepared. They are created 

using an eco-friendly procedure that uses chitosan, a plentiful natural polymer, and acrylic resin 

with a water-base. 

Summary:  

In summary, Due to their limited water solubility, cytotoxicity toward healthy tissues, 

and quick blood-stream degradation and clearance many antimicrobial medicines are challenging 

to deliver. Their inability to transfer molecules across membranes greatly restricts their ability to 

fight intracellular bacteria (Sahoo 2010). 

While most of these nanoparticles based antimicrobial drug delivery systems are 

currently in preclinical development, several have been approved for clinical use. With the 

ongoing efforts in this field, there is no doubt that nanoparticle-based drug delivery systems will 

continue to improve treatment to bacterial infections, especially in life-threatening diseases such 

as staph infections and tuberculosis (Zhang et al., 2010).  

Nanotechnology development must be done carefully to prevent mishaps. A 

manufacturing technology based on nanotechnology needs to be used with much greater caution 

after it has been developed. Molecular manufacturing misuse could result in black markets, 

unstable weapons races that cause enormous harm, and possibly the emission of grey goo (Zhang 

et al., 2010). 
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Another significant feature of the nanoscale is that a nanoparticle's relative surface area 

increases with decreasing size. Its electrical structure also undergoes significant alteration. Both 

outcomes result in significantly increased catalytic activity but can also trigger hostile chemical 

reactions. There are significant variations in particle surface area and particle number 

concentration (Adams et al., 2006).  

In the workplaces of businesses that produce or use nanomaterials as well as in the 

research labs for nanoscience and nanotechnology, environmental and health concerns are 

intertwined. It is safe to assume that nanoparticle particles cannot be directly regulated by the 

present workplace exposure regulations for particles engineered nanoparticles' entire life cycle, 

including their production, storage, transport, use, potential abuse, and disposal, must be assessed 

in order to determine the health risks they pose. At different stages of the life cycle, the effect on 

humans or the environment may change. (Shakeel et al., 2015).  
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Abstract: 

Background: Bite-mark evidence is found in most criminal cases and therefore the analysis of 

bite-marks plays a vital role in solving crimes and personal identification in forensic casework. 

The knowledge and awareness about bite-mark and its analysis are very essential among the 

persons who are involved in it. 

Aims & Objectives: We aimed to assess the current knowledge, attitude, and awareness about 

bite-mark evidence among the students of Forensic science, Dental, Zoology background, faculty 

members, and dental practitioners and to promote the use of bite marks in forensic casework. 

Materials and Methods: A questionnaire with 20 open-ended and closed-ended questions was 

created, all of which were relevant to the bite-mark evidence. A total of 201 people participated 

in the survey. The purpose of data analysis is to calculate numbers and percentages. 

Result: The participants were assessed on knowledge, attitude, and awareness. Total 83.6% 

participants were aware about the bite-mark pattern but found to have overall less in-depth 

knowledge. 92% participants believed that bite-mark evidence effectiveness in solving violent 

crimes. 

Conclusion: Among forensic faculty members and dentistry practitioners, there was enough 

awareness but not enough interest and knowledge, whereas among Forensic science, Dental, and 

Zoology students, there were not enough awareness but not enough interest and knowledge. 

Participants' awareness and interest should be upgraded, and they should be exposed to more 

information on a regular basis. Participants should also be aware of the consequences of bite-

marks in forensic casework. 

Keywords: Bite-marks, forensic odontology, dental practitioner, students, awareness, survey 

Introduction: 

In forensic investigations, identifying unknown individuals or perpetrators is a difficult 

task. The bite-mark analysis is based on the idea that "no two mouths are the same." Bite marks 

are commonly regarded as a viable alternative to fingerprinting and DNA analysis in a variety of 

criminal situations (Kaur et al., 2017). 

Because no two people have the same dentition, forensic odontology has gained a lot of 

traction in the criminal justice system. With the growth in criminal cases such as sexual assaults, 

the use of bite-marks as forensic odontological evidence in apprehending the offender, 

mailto:palashmehar@gmail.com
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odontology plays an increasingly important part in criminal justice. The examination and study 

of bite-marks on victims, as well as the submission of bite-mark evidence in court as an expert 

witness, are the responsibilities of a Forensic Odontologist (Sunil et al., 2019). 

“The offender may lie through his teeth though the teeth themselves cannot lie” (Furness, 1968). 

In 1972, Mc Donald defined bite-marks as “A mark made by the teeth either alone or in 

combination with other mouth parts” (Shah et al., 2017). As per the American Board of Forensic 

Odontology (ABFO), Bite-mark is “a physical alteration or representative pattern recorded in a 

medium caused by the contact of the teeth of a human or animal”. 

Bite-marks are a form of a class of injury called 'patterned injuries'. It means that the injury 

observed reflects the physical shape and characteristics of the implement that caused it. 

An ideal human bite-mark is doughnut-shaped which comprises of two ‘U’ shaped arches 

representing the mandibular and the maxillary arches differentiated from one another at their 

base. Mainly six anterior teeth are involved in the production of individual arches. 

Usually, circular to oval in shape bite-marks are produced by human as compared to animal bite-

mark which is usually ‘U’ shaped. The diameter of the bite-mark injury varies and is mostly 

between 25-40 mm in diameter (Clark, 1992). 

Bite-marks can be found on any area or part of the human body, common locations 

include breast, face, neck, arm, hand, ear, buttock, female genitals, etc. The specific location is 

associated with the specific forms of crime or assault. In the cases of sexual assault, bite-mark 

can be found on the face, lips, breasts, shoulder, neck, thigh, genitals, and testicles are generally 

involved. In child abuse cases, bites of the arms and the buttocks are common. Apart from the 

human body bite marks can be found on foodstuff like chocolates, fruits, cheese, chewing gum, 

cigarettes, and inanimate objects (Taylor and Kieser, 2016). 

The above mentioned bite-mark evidence can be encountered in several crimes such as 

sexual offenses/assaults (rape), homicides, child abuse cases, abduction, quarrels, and during 

sports activities and sometimes bite-marks can be intentionally inflicted to falsely frame 

someone (Wagner, 1986). Bites-marks have also been recovered from scenes of theft. Therefore, 

matching of bite-mark to a suspect’s dentition may provide the investigating officers to associate 

a suspect to the crime and eliminate the innocent (Modak et al., 2016). 

DNA swabs can be collected from the bite-mark pattern which on further analysis can 

help in identifying the particular person. The age and sex of the person can also be determined 

from bite-mark analysis (Taylor and Kieser, 2016). Bite-mark evidence has high Forensic value 

based on the characteristics of the bite-marks that are similar to the defendants. In court, bite 

marks are admissible as corroborative evidence. 

The bite-mark analysis basically involves the comparison of bite mark evidence to 

suspect evidence to ascertain a relationship exists, if any. To identify the criminal it is very 
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important to make a dental cast of a suspected person for matching it with the questioned sample.  

Role of consent while recording bite marks is very important because if a doctor records the 

impressions of the suspect's teeth without his consent then it might be considered as an assault on 

him. So such a procedure can lead to unfortunate legal consequences for the person who takes 

the impressions. The analysis procedure includes visualization and comparison, formation of the 

opinion, and court testimony. If the analysis of bite-mark evidence is done properly it can prove 

the involvement of a particular person(s) in a particular crime (Swetha, 2019). 

For investigators, dental practitioners, students, and others working in this subject, 

understanding bite marks and how to analyse them is critical. The purpose of this study was to 

determine the existing level of knowledge, attitude, and awareness concerning bite mark 

evidence among Forensic science, Dental, and Zoology students, faculty members, and dental 

practitioners, as well as the potential for improvement. 

Materials and Methods: 

Study design 

A cross-sectional study was conducted in the month of April 2021 through an online 

survey among the students of Forensic Science, Zoology, and Dental backgrounds, faculty 

members, and dental practitioner.  

Questionnaire design 

A self-administered, well-structured questionnaire containing both open-end and closed-

end items was produced in English. 

The questionnaire consists of two sections.  

1. The subject's name and demographic data, such as age, gender, and educational 

qualification, were included in the first portion of the questionnaire. 

2. The second element of the questionnaire contained 20 open-ended and closed-ended 

questions about their basic knowledge of bite marks in forensic casework, including 

nature, collection, photography, cases involved, individual identification, and legal 

knowledge and attitude toward bite mark analysis. 

Each item elicited a response from all of the participants. Contributors' confidentiality 

and privacy were guaranteed and taken care of. 

Informed consent 

The participants were informed about the study, including the goal and objective of the 

study, and were requested to engage willingly in the study, with confidentiality maintained. 

Study methods: 

A Self-administered questionnaire of 20 questions (both open and close-ended) was 

prepared and was distributed among the Forensic Science , Zoology, and dental backgrounds 

students,  faculty members, and dental practitioner through online survey  "GOOGLE FORMS".  
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The form was forwarded to all the participants via different media include Email, Whatsapp, 

LinkedIn, and Instagram. 

Results:  

In this survey, we received a total of 201 responses from the participants. With the 

response from the various participants, the data were collected and analyzed. The majority of the 

study population were female i.e. 144 (71.6%) whereas the male population were 57(28.4%) in 

numbers. Other demographic details are mentioned in Table 1. 

 

Table 1: Demographic details 

Variables Frequency (n=201) Percentage (%) 

Age <30 years – 193 

>30 years – 08 

96 

4 

Gender Male – 57 

Female – 144 

28.4 

71.6 

Educational 

Qualification 

B.Sc. Forensic Science – 100 

M.Sc. Forensic Science – 61 

Bachelor of Dental Science (BDS) – 21 

Master of Dental Science (MDS) – 04 

Other – 15 

49.75 

30.35 

10.45 

1.99 

7.46 

 

 

The majority of the population surveyed have responded to all questions. The responses of the 

participants on each question are calculated and represented in table 2. 

 

 

49.75%

30.35%

10.45%

1.99% 7.46%

Fig. 1:-
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Table 2: Awareness of bite mark analysis among participants 

 

 

Questions 

Total 201 Responses 

Forensic 

Students 

n=148 

(73.63%) 

Forensic 

Faculty 

Members 

n=13 

(6.46%) 

Dental 

Students 

n=17 

(8.46%) 

Dental 

Practitione

r 

n=8 

(3.98%) 

Zoology 

Students 

n=15 

(7.46%) 

Q1. Are you aware of the bite 
mark patterns? 

Yes 
No 

 

 

120(81.08%) 

28(18.92%) 

 

 

13(100%) 

0 

 

 

17(100%) 

0 

 

 

8(100%) 

0 

 

 

10(66.67%) 

5(33.33%) 

Q2.Have you been taught about the 

bite mark pattern in the context of 

forensic identification during your 

UG/PG? 
Yes 

No 

Don’t Know 

 

 

 

 

103(69.59%) 

30(20.27%) 

15(10.14%) 

 

 

 

 

12(92.3%) 

1(7.69%) 

0 

 

 

 

 

15(88.24%) 

2(11.76%) 

0 

 

 

 

 

5(62.5%) 

3(37.5%) 

0 

 

 

 

 

2(13.33%) 

11(73.33%) 

2(13.33%) 

Q3.Can bite marks serve as a source 

of DNA? 
Yes  

No 

Don’t know 

 

 

134(90.54%) 

6(4.05%) 

8(5.40%) 

 

 

13(100%) 

0 

0 

 

 

15(88.24%) 

1(5.88%) 

1(5.88%) 

 

 

7(87.5%) 

0 

1(12.5%) 

 

 

9(60%) 

2(13.33%) 

4(26.67%) 

Q4. Can you differentiate between 

animal bite & human bite? 

Yes 

No 

May be 

 

 

100(67.57%) 

13(8.78%) 

35(23.65%) 

 

 

13(100%) 

0 

0 

 

 

10(58.82%) 

1(5.88%) 

6(35.29%) 

 

 

7(87.5%) 

0 

1(12.5%) 

 

 

7(46.67%) 

1(6.67%) 

7(46.67%) 

Q5. Human bite marks are 

_____________ whereas animal bite 

marks are ____________. 

Broad ‘U’ shaped; circular or oval 

shaped 

Circular or oval; narrow ‘U’ shaped 

Circular or oval; narrow ‘V’ shaped 

Not sure 

 

 

 

 

 

42(28.38%) 

39(26.35%) 

31(20.95%) 

36(24.32%) 

 

 

 

 

2(15.38%) 

7(53.84%) 

4(30.76%) 

0 

 

 

 

 

4(23.53%) 

2(11.76%) 

8(47.06%) 

3(17.65%) 

 

 

 

 

3(37.5%) 

1(12.5%) 

1(37.5%) 

1(12.5%) 

 

 

 

 

2(13.33%) 

7(46.67%) 

2(13.33%) 

4(26.67%) 

Q6. Defensive bite marks are 

_________. 

Upon assailant by a victim  

Upon victim by assailant  

Don’t Know 

 

 

112(75.68%) 

10(6.76%) 

26(17.57%) 

 

 

13(100%) 

0 

0 

 

 

13(76.47%) 

1(5.88%) 

3(17.64%) 

 

 

6(75%) 

2(25%) 

0 

 

 

5(33.33%) 

5(33.33%) 

5(33.33%) 

Q7. Mention the crimes in which 

bite mark evidence can be found. 

(Mention your answer)  

Yes, ____________ 

Don’t know 

 

 

 

144(97.30%) 

4(2.7%) 

 

 

 

13(100%) 

0 

 

 

 

14(82.35%) 

3(17.64%) 

 

 

 

8(100%) 

0 

 

 

 

12(80%) 

3(20%) 

Q8. Do you examine for bite marks 

in child abuse cases? 

Yes  

No 

Don’t know 

 

 

83(56.08%) 

33(22.30%) 

32(21.62%) 

 

 

9(69.23%) 

4(30.76%) 

0 

 

 

11(64.71%) 

1(5.88%) 

5(29.41%) 

 

 

7(87.5%) 

1(12.5%) 

0 

 

 

3(20%) 

6(40%) 

6(40%) 
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Q9. Identification of bite marks can 

be done on? 

Human tissue  

Inanimate objects  

Foodstuff  

All of the above  

 

 

19(12.83%) 

1(0.7%) 

2(1.35%) 

123(85.14%) 

 

 

1(7.69%) 

0 

0 

12(92.3%) 

 

 

2(11.76%) 

1(5.88%) 

0 

14(82.35%) 

 

 

1(12.5%) 

0 

0 

7(87.5%) 

 

 

3(20%) 

1(6.67%) 

1(6.67%) 

10(66.67%) 

Q10. Collection of evidence from 

bite marks is particularly useful in 

__________. 

identifying motive. 

creating a solid legal case. 

determining the assault timeframe. 

perpetrator identification through 

DNA-tested saliva 

 

 

 

7(4.73%) 

2(1.35%) 

8(5.41%) 

 

131(88.51%) 

 

 

 

0 

0 

0 

 

13(100%) 

 

 

 

0 

0 

0 

 

17(100%) 

 

 

 

1(12.5%) 

0 

1(12.5%) 

 

6(75%) 

 

 

 

0 

2(13.33%) 

0 

 

13(86.67%) 

Q11. Does the consent of a suspect is 

necessary while recording the bite 

mark impression? 

Yes 

 No  

Don’t know 

 

 

 

79(53.38%) 

20(13.51%) 

49(33.11%) 

 

 

 

9(69.23%) 

1(7.69%) 

3(23.07) 

 

 

 

10(58.82%) 

0 

7(41.18%) 

 

 

 

4(50%) 

0 

4(50%) 

 

 

 

6(40%) 

2(13.33%) 

7(46.67%) 

Q12. Are the Ante-mortem and 

Post-mortem are different terms 

used in bite mark analysis? 

Yes  

No 

Don’t Know 

 

 

 

83(56.08%) 

9(6.08%) 

56(37.84%) 

 

 

 

11(84.62%) 

1(7.69%) 

1(7.69%) 

 

 

 

13(76.47%) 

0 

4(23.53%) 

 

 

 

3(37.5%) 

3(37.5%) 

2(25%) 

 

 

 

7(46.67%) 

0 

8(53.33%) 

Q13. Do you know how to estimate 

the age and gender of an individual 

by only conducting teeth 

examination? 

Yes  
No  
 

 

 

 

 

81(54.73%) 

67(45.27%) 

 

 

 

 

13(100%) 

0 

 

 

 

 

7(41.18%) 

10(58.82%) 

 

 

 

 

8(100%) 

0 

 

 

 

 

6(40%) 

9(60%) 

Q14. Bite marks in human tissue 

must be photographed before how 

many days? 

14 days  

 1 day  

7 days  

10 days  

 

 

 

5(3.38%) 

88(59.46%) 

54(36.49%) 

1(0.68%) 

 

 

 

0 

7(53.85%) 

6(46.15%) 

0 

 

 

 

0 

9(52.94%) 

8(47.06%) 

0 

 

 

 

0 

4(50%) 

4(50%) 

0 

 

 

 

0 

10(66.67%) 

5(33.33%) 

0 

Q15. Bite mark is a ____________ 

Substantive evidence  
Physical evidence 
Corroborative evidence  
Real evidence 

 

36(24.32%) 

45(30.41%) 

49(33.11%) 

18(12.16%) 

 

1(7.69%) 

1(7.69%) 

10(76.92%) 

1(7.69%) 

 

7(41.18%) 

8(47.05%) 

1(7.14%) 

1(5.88%) 

 

0 

6(75%) 

1(12.5%) 

1(12.5%) 

 

4(26.67%) 

9(60%) 

1(6.67%) 

1(6.67%) 

Q16. Does bite mark evidence 

admissible in court? 

Yes  
No  
Don’t know 

 

 

107(72.29%) 

4(02.70%) 

37(25%) 

 

 

11(84.61%) 

0 

2(15.83%) 

 

 

12(70.59%) 

0 

5(29.41%) 

 

 

7(87.5%) 

0 

1(12.5%) 

 

 

8(53.33%) 

1(6.67%) 

6(40%) 
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Q17. In a simple injury caused by a 

tooth bite, the offender will be guilty 

under _________ of the IPC. If a 

grievous injury caused by such bite 

then he will be considered guilty 

under _________ of the Indian Penal 

Code (IPC). 

Section 326; Section 324 

Section 324; Section 326 
Section 320 Clause 7 (5); Section 324 
Section 320 Clause 7 (5); Section 326 

 

 

 

 

 

 

 

21(14.19%) 

73(49.32%) 

38(25.68%) 

16(10.81%) 

 

 

 

 

 

 

 

5(38.46%) 

3(23.07%) 

2(15.38%) 

3(23.07%) 

 

 

 

 

 

 

 

5(29.41%) 

3(17.65%) 

7(41.18%) 

2(11.76%) 

 

 

 

 

 

 

 

2(25%) 

2(25%) 

3(37.5%) 

1(12.5%) 

 

 

 

 

 

 

 

5(33.33%) 

2(13.33%) 

3(20%) 

5(33.33%) 

Q18. Are you aware of any criminal 

case in India which has been 

identified by the virtue of bite mark 

evidence?          If YES, mention the 

case name else type NO. 

Yes (Then Name it) ________ 

No 

 

 

 

 

 

29(19.59%) 
119(80.41%) 

 

 

 

 

 

2(15.38%) 

11(84.62%) 

 

 

 

 

 

1(5.88%) 

16(94.11%) 

 

 

 

 

 

3(37.5%) 

5(62.5%) 

 

 

 

 

 

1(6.67%) 

14(93.33%) 

Q19. According to you, how effective 

is the bite mark evidence in solving 

violent crimes on the scale of   1 to 5? 

1 

2 
3 
4 
5 

 

 

 

2(1.35%) 

6(4.05%) 

62(41.89%) 

58(39.19%) 

20(13.51%) 

 

 

 

0 

0 

7(53.85%) 

4(30.77%) 

2(15.38%) 

 

 

 

0 

0 

7(41.18%) 

10(58.82%) 

0 

 

 

 

0 

1(12.5%) 

2(25%) 

4(50%) 

1(12.5%) 

 

 

 

1(6.67%) 

3(20%) 

8(53.33%) 

3(20%) 

0 

Q20. Do you think your present 

knowledge level/ awareness about 

bite mark patterns and their analysis 

is adequate? 

Yes   
No  
May be 

 

 

 

 

11(7.43%) 

90(60.81%) 

47(31.76%) 

 

 

 

 

4(30.77%) 

5(38.46%) 

4(30.77%) 

 

 

 

 

2(11.76%) 

9(52.94%) 

6(35.29%) 

 

 

 

 

1(12.5%) 

4(50%) 

3(37.5%) 

 

 

 

 

2(13.33%) 

7(46.67%) 

6(40%) 

 

The majority of the participants in this survey were aware of the offences in which bite mark 

evidence may be found. Violent crimes, sexual assault/offenses, rape, harassment, child abuse, 

scuffle cases, kidnapping, abduction, theft, physical abuse, molestation, homicide/murder, serial 

killing cases, hate crimes, dacoity, robbery, snatching, domestic violence, extortion, wildlife crimes, 

dowry death, food poisoning, defence reaction, during sports events were among the crimes in which 

bite marks were found. 

When asked about any criminal cases in which bite-mark analysis was used, the majority of 

the participants mentioned the Nirbhaya Rape Case, Jisha Murder Case, Rajeev vs. the State of 

Kerala, Jamna Shankar vs. the State of Rajasthan, Sheena Bora murder case, Veerappan Case, Ted 

Bundy Case, Perumbavoor Case, M. Raja Jayachandra Rathore case, Gorring case, and Anita. 

Discussion: 

The practice of bite-mark pattern analysis has gained importance in several developed 

countries across the world. In developing countries such as India, it is yet to achieve its critical 
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position. As educating forensic science is important for forensic students, knowledge, and awareness 

about bite mark analysis are also equally important. Greater knowledge and awareness of bite mark 

analysis among the people of forensic as well as dental background would be required in the growing 

field of medicine. The students are continuously upgrading their knowledge through different 

education programs, workshops, and conferences and reading articles, etc.  

In 2019, Isher, et al. conducted a study on awareness and practice of forensic odontology 

among the dentist of Punjab, and it was found that 95.36% of UG students, 92.31% BDS, 91.89% of 

PG students, 90.82% of MDS were aware of bite mark patterns. In our present study it was found that 

a total of 83.6% of participants are aware of bite mark patterns whereas 16.8% had no idea about it. 

In comparison the similar result was observed in a study conducted by Balasubramaniam et al. 

(2019), where 91.7% of subjects were aware of bite mark patterns while the study conducted by 

Preethi et al. (2011), where 82% were aware of the significance of bite marks and another by Bakhri 

et al. (2017), where 71.4% of participants were aware of bite mark patterns. 

Bite marks and tooth are serves as an accurate source of DNA; in current study, 88.6% of 

participants were confident about this fact and a similar result was found in the study conducted by 

Ankita et al. (2016), where 95% of respondent were aware of this fact and only 5% were not aware 

of it and one study conducted by Supriya et al. (2020), where they found that about 72.5% of 

respondents agreed with this fact. 

In 2017, Sultan conducted a study to check the awareness of forensic odontology and child 

abuse among lawyers of Shrinagar, India. It was observed that only 14% of lawyers were aware of 

bite mark analysis and only 4% of lawyers were confident to differentiate human bite and animal 

bite. The overall result of the study showed that there was less knowledge regarding forensic 

odontology among the lawyers of Shrinagar. In the present study, it was found that a total of 68.2% 

of participants were confident to differentiate human bite and animal bite. 

A bite-mark injury is generally an intentional and depicts genuine child abuse. In various 

cases, an individual inflicting the bite-mark is an individual responsible for abusing the child. Until it 

is proven differently, bite-marks in children indicate child abuse. In the study of Isher et al. (2019), it 

was found that 85.79% of UG students, 74.13% of BDS dentists, 91.89% of PG students, 85.65% of 

MDS dentists knew analyzing bite marks in child abuse cases. This is contrasted with our study 

where nearly a total of 56.2% of participants know about an examination of bite marks in child abuse 

cases.  

As per the Veena et al. (2018), study 70% of the participants knew how to apply their 

knowledge on determining the age and gender of an individual whereas in the present study an only 

total of 57.2 % of participants were aware of age and gender estimation. As per Shivkumar et al. 

(2018) study, a greater proportion of the population were not aware of age and gender estimation, 

only 2% of dental practitioners from Varanasi city were aware of it. 
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From this survey, it is found that zoology students are less aware and have less knowledge as 

compared to forensic science and dental students. The reason might be they don't have exposure to 

the topic or the topic might not be taught or not included in their curriculum. Students should 

participate in periodic conferences and seminars related to bite mark analysis which would improve 

their knowledge. Similarly, workshops, as well as hands-on classes, would develop their practical 

skills in bite-mark-related cases. 

The present study has some limitations such as inadequate undergraduate to postgraduate 

ratio and participant's sample size of different categories. However, in spite of this, caution was taken 

to generalize the results and keep the study unbiased. As the study was questionnaire-based, the 

respondents may not have answered the question meticulously. These are considerable limitations of 

the study. 

Conclusion:  

The present survey revealed the current knowledge of bite-mark evidence among the 

Forensic science, Forensic faculty members, Dental students, Dental practitioners, and Zoology 

students. From this study, it is noticeable that awareness about the bite-mark pattern is sufficient 

among Forensic faculty members and Dental practitioners whereas it’s not sufficient among Forensic 

science, Dental as well as Zoology students. As a result, more emphasis would need to be placed on 

this field to increase awareness about the same. Furthermore, it revealed that there is inadequate 

knowledge regarding bite-mark patterns among all the participants. It is also found that participants 

have less knowledge about the legal aspects.  

For future research work, it is recommended that the study should be carried on a large scale 

for the assessment of the knowledge, attitude, and awareness about the bite-mark evidence among the 

students of Forensic science and Dental background. 
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Abstract:  

The therapeutic potential of plants has been recognized by ancient cultures around the 

world. Plants are also believed to be safe and cost-effective. Pharmacologically active 

phytochemicals are vital compounds used in the manufacture of hundreds of medications. 

Phytochemicals have been proven to reduce inflammation and chronic diseases caused by 

oxidative stress. Menthol is a naturally occurring monoterpene that is found in peppermint 

(Mentha piperita L.) oil, an herbal preparation used in traditional medicine. Menthol has a wide 

range of industrial applications, including pharmaceutics, dentistry, food flavoring, and 

agriculture. Menthol has been declared safe by the Food and Drug Administration (FDA). A 

great deal of attention is being paid to it recently due to its effectiveness in preventing various 

health conditions. The review summarizes a myriad of pharmacological activities that menthol 

exhibits, including antibacterial, antifungal, antioxidant, anti-inflammatory, anticancer, anti 

diabetic, antitussive, and antipruritic properties. 

Introduction:  

Plants have been used as sources of therapeutic substances for more than a thousand 

years. Even today, most conventional medications still come from plants (Prasathkumar et al., 

2021). The WHO estimates that 21,000 medicinal plants are used for a variety of medical 

conditions. Terpenoids are one of the largest families of natural products, with more than 40,000 

compounds produced by both primary and secondary metabolisms (Smitha Grace et al., 2019). 

Most herbal plants contain terpenoids and several terpenoids are effective pharmaceutical agents. 

Terpenes are simple hydrocarbons, whereas terpenoids (oxygen containing hydrocarbons) are 

modified forms of terpenes with a variety of functional groups and oxidized methyl groups at 

various places (Perveen & Al-Taweel, 2018).  

The terpenes are found in essential oils in plants are abundant in nature. Isoprene, CH 2 = 

C (CH3)-CH=CH2, is their primary building block. Terpene hydrocarbons have the chemical 

formula (C5H8), and are classified based on the number isoprene units present in them:  

(a) Hemitepenes: Consist of a single isoprene unit. The only hemiterpene is the isoprene itself, 

but oxygen-containing isoprene derivatives such as isovaleric acid and prenol are classified 

as hemiterpenoids.  
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(b) Monoterpenes: They have two isoprene units. They are of two types, i.e., linear (acyclic), or 

contain rings, e.g., geranyl pyrophosphate, menthol, eucalyptol, limonene, citral, camphor, 

and pinene.  

(c) Sesquiterpenes: They have three isoprene units, e.g., artemisinin, bisabolol, and farnesol, oil 

of flowers, or cyclic compounds, such as eudesmol, found in eucalyptus oil.  

(d) Diterpenes: They are composed of four isoprene units.Examples; cembrene, kahweol, 

taxadiene, cafestol, etc.  

(e) Triterpenes: They have of six isoprene units. Examples; lanosterol and squalene, found in 

wheat germ and olive (Yadav et al., 2014).  

Background information on menthol  

Menthol is a naturally occurring cyclic monoterpene of plant origin that gives the plants 

of the Mentha species its unique scent and flavor. Its chemical name is 2-isopropyl-5-

methyl cyclohexanol (Fig.1). The Dutch botanist Gambius first identified it as a crystalline 

principle in 1771 (Patel et al., 2007). But according to Shimoyama, Japan has been cultivating 

the peppermint plant- the primary source of menthol for therapeutic purposes for more than 2000 

years. It is commonly known as peppermint camphor or menthacamphor. Menthol is a widely 

used ingredient in various commercial goods, including, toothpaste, chewing gum, cigarettes and 

other bathroom products. Menthol is one of the most important flavouring ingredients in the food 

sector, right behind citrus and vanilla. As an herbal remedy, it has been used extensively 

throughout history.  

 

Figure 1: Chemical structure of menthol 

Medicinally important plants are good sources of active and potent medicines bearing 

extensive pharmacological properties. Besides being used industrially, menthol has a variety of 

pharmacological and biological effects. The purpose of the current review is to highlight and 

summarize the most recent developments using menthol along with delving deeper into its 

pharmacological properties in light of its many applications.  

Chemical and physical properties of menthol  

Menthol, chemically known as 2-isopropyl-5-methyl cyclohexanol, 5-methyl-2-(1- 

methylethyl) cyclohexanol or p-methan-3-ol with the molecular formula C10H20O (molecular 

weight 156.27), is an organic compound that naturally contains three asymmetric carbon atoms. 
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It may be found as four pairings of optical isomers, including (+) and (-)-isomenthol, (+) and (-)-

menthol, (+) and (-)-neomenthol, and (+) and (-)-neoisomenthol (Fig.2). 

Menthol is mainly found in nature as (-)-menthol (L-menthol). Menthol is a white, flaky, 

crystalline substance that is solid at room temperature, with a density of 0.890kg/dm3 (25oC) and 

a melting point ranging from 41- 44 oC depending on the purity. Menthol is soluble in alcohol, 

diethyl ether, and chloroform. Menthol absorbs UV radiation below 290 nm with a peak 

absorption at 220 nm. It can be oxidized to produce menthone (Oz et al., 2017).  

 

Figure 2: Structure of menthol isomers 

Biosynthesis of menthol  

The characteristic mint fragrance and flavour of Mentha species plants is provided by 

menthol, a naturally occurring plant component. Peppermint oil (from Mentha piperita) or corn 

mint oil (from Mentha arvensis) is readily extracted by steam distillation. Corn mint oil contains 

55% to 85% menthol. A total of eight steps are involved in menthol biosynthesis. Geranyl 

diphosphate, a universal precursor for monoterpenes, is created by the condensation of 

isopentenyl diphosphate (IPP) and dimethylallyl pyrophosphate (DMAPP), which is then 

cyclized to produce (-) limonene. Through NADPH and oxygen-dependent hydroxylation, (-)-

limonene is transformed into (-) -trans- isopiperitenone. Allylic oxidation produces (-)-

isopiperitenone, which is then reduced in an NADPH-dependent manner to produce (+) cis 

isopulegone. (+)-cis iso pulegone undergoes isomerization to produce (+)-pulegone, the 

precursor to (+) menthofuran, (+) menthone, and (+) -isomenthone. When these ketones are 

reduced, (-) menthol, (+)- neomenthol, (+)- isomenthol, and (+)- neoisomenthol are produced ( 

Fig.3) (Croteau et al., 2005).  
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Figure 3: The 8-step pathway of menthol biosynthesis (Croteau et al., 2005) 

Metabolism  

Menthol is highly lipid-soluble and its metabolism results in the creation of glucuronide 

molecules, which are considerably more water-soluble and easier to pass through the urine. 

When menthol is ingested or absorbed through the skin or respiratory epithelium, it finds its way 

to the liver through circulation. Even though menthol is absorbed through the skin and intestines, 

most of its phase 1 metabolism occurs in the liver. Microsomal enzymes hydroxylate menthol in 

the liver, mostly forming p-menthane-3,8 diol. After being conjugated with glucuronide, the 

hydroxylated menthol is transported to the kidneys for excretion in the urine (Eccles, 1994).  

 

Figure 4: Metabolism of menthol (Cohen et al., 2019) 

Madyastha & Srivatsan (1998) studied the metabolism of (-)-menthol in rats and 

identified four hydroxylated menthol compounds in rat urine following oral administration 

of 800 mg menthol/kg per day for 20 days. The major metabolites were p-menthane-3,8 diol and 



Bhumi Publishing, India 

54 
 

3,8-dihydroxy-p-menthane-7-carboxylic acid and minor metabolites were 3,8-oxy-p menthane-7- 

carboxylic acid and p-menthane-3-9-diol ( Fig.4). The liver microsomal enzymes cytochrome 

P450 and NADPH-cytochrome c were also induced by oral treatment of 800 mg menthol /kg 

every day for up to seven days.  

Menthol is glucuronidated by the enzyme UDP-glucuro-nyltransferase, which also 

glucuronidates other monoterpenoid alcohols (Nakaoka, 1990). Gas chromatography can be used 

to measure menthol levels in urine, and raw urine can be made into menthol glucuronide 

molecules by treating with P-glucuronidase (Kaffenberger & Doyle, 1990). 

Safety and toxicity  

According to the FDA, menthol is a topical over-the-counter (OTC) medicine that is safe 

and effective. External OTC products with up to 16 percent of menthol concentrations have well-

established safety records. In light of the extensive postmarketing evidence, the FDA panel 

concluded that menthol had a favorable safety profile at these concentrations (Allen et al., 

2003).  

Menthol is reported to cause skin erythema and spontaneous burning at 40% 

concentrations according to Hatem et al., 2006 and Schattschneider et al., 2004. In addition, 

menthol has been linked to systemic allergy responses (McGowan, 1966) and allergic contact 

dermatitis (Aguirre et al., 1994; Wilkinson & Beck, 1994).  

The cooling effect of menthol  

By activating the cold-sensitive transient receptor potential cation channel (TRPM8), 

menthol in mints produces a cooling sensation (Xu et al., 2020). The menthol receptor was 

cloned and described by McKemy et al. (2002) and Peier et al. (2002) using genomic DNA 

databases and cDNA expression libraries. TRPM8, a 110 amino acid cation channel, was 

discovered using both methods. In the cool to cold range (8-280C), this cloned channel is 

activated both by menthol and thermal stimuli, provided that menthol evokes a feeling of cool by 

acting as an agonist of a thermally sensitive receptor. It has been demonstrated that menthol 

activates TRPM8 receptors by rapidly raising intracellular calcium levels and facilitating calcium 

through the channels to trigger cold response signals at the site of application (Farco & 

Grundmann, 2013).  

Pharmacological effects of menthol  

Menthol has been well-known for its wide range of pharmacological activities (Fig.5). 

Various in vitro and in vivo studies on menthol have reported its bioactivities and associated 

mechanisms of action. The following subsections outline the possible therapeutic potential of 

menthol. 
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Figure 5: Pharmacological activities of menthol 

1. Analgesic effect:  

Pain is a distressing emotion correlated with actual or potential tissue injury. Pain 

management is a challenging endeavour for medicine. Recent research has focused more on the 

potential analgesic properties of phytoconstituents found in traditional medicinal plants, since 

they exhibit suitable biological activities with fewer side effects when compared to synthetic 

drugs (Khan et al., 2020). Menthol has long been used as a non-opioid pain reliever. Menthol is a 

selective activator of transient receptor potential melastatin-8 (TRPM8) channels. Besides being 

a selective TRPM-8 channel activator, menthol is also a vasoactive agent. Topically applied 

menthol may potentially open up analgesic pathways in the brain. TRPM8 channels have 

recently been identified as the molecular basis for the action of menthol and its capacity to 

induce both a cooling sensation and to reduce pain associated with a variety of painful diseases. 

There has been a growing interest in menthol in the search for alternatives to opioid analgesics, 

especially those that can be applied topically (Jr et al., 2018).  

2. Antibacterial activity  

There is great concern among medical professionals about diseases caused by bacterial 

infections. There has been a dramatic decline in the number of antimicrobial agents since the 

1980s, while the number of resistant bacteria has been growing rapidly because of the emergence 

of new resistance mechanisms (Fair & Tor, 2014). A significant portion of the global population 

uses herbal remedies to treat common ailments, according to the World Health Organization. The 

essential oils of medicinal plants contain antimicrobial substances. A GC/GC-MS analysis was 

performed on M.arvensis hydro-distilled essential oil to analyze its chemical composition. 
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Monoterpenes accounted for 92.52 percent of the oil's constituents, while menthol contributed 

56.35 percent. Antibacterial activity was evaluated in vitro with agar disc diffusion against two 

gram positive microorganisms (Streptococcus aureus and Streptococcus pyogenes) and two gram 

negative microorganisms (Escherichia coli and Pseudomonas aeruginosa). The strains were 

sensitive to the oil and exhibited potent antibacterial activity, with S.aureus showing the greatest 

inhibition zone across all cases. The MIC of the oil in gram-positive bacteria was higher than its 

MIC in gram-negative bacteria. The study concluded that M. arvensis fresh leaf oil has excellent 

potential as an antibacterial agent and can be used in the pharmaceutical and pesticide industries 

(Leaves et al., 2016).  

3. Antifungal activity:  

Essential oils rich in terpenes exhibit antifungal properties. Studies have been conducted 

on the inhibitory potential of menthol against fungi (Moleyar & Narasimham, 1986; Kishore et 

al., 1993; Edris & Farrag, 2003). Menthol was tested against Fusarium verticilloides using the 

semi-solid agar susceptibility technique. When 200 ppm menthol was used, Fusarium 

verticilloides growth was inhibited by 75% (Dambolena et al., 2008).In another experiment, two 

fungi (Sclerotinia sclerotiorum and Mucor spp.) were exposed to the vapour of peppermint oil 

and two of its primary components (menthol and menthone) in a closed system. Menthone alone 

had no effect at any of the concentrations tested. The antifungal activities of peppermint oil were 

attributed to menthol alone (Edris & Farrag, 2003). 14 essential oil components were tested 

individually and in combination for their antifungal activity against the aflatoxigenic fungus 

Aspergillus flavus LHPA9 and the herbal raw materials Asparagus recemosus. It was found that 

thymol, euginol, menthol, and their combinations were effective against the pathogens studied, 

with their minimum inhibitory concentrations being below 1 L/mL for both fungal growth and 

aflatoxin secretion (Mishra & Kumar, 1983).  

4. Anti-Inflammatory Activity  

One of the most important pathological processes, inflammation is characterized by "red, 

swollen, hot, and painful" symptoms. Inflammation relates to the body's adaptive immunity 

response that is activated when there is a threat, infection, or injury. Inflammation can be acute 

or chronic. Unmanaged, it can cause severe illness (Yang et al., 2020b). The anti-inflammatory 

drugs used today have adverse effects (Saraiva et al., 2011). The anti-inflammatory effects of 

menthol are tremendous, with no side effects.  

According to the latest research done by Liu et al. (2021), menthol attenuated the 

inflammatory response in LPS- induced primary bovine mammary gland epithelial cells 

(BMECs). Menthol promoted autophagy by activating the AMPK/ULK1 pathway as well as the 

AMPK/Nrf-2 pathway, which inhibited the expression of proinflammatory factors and enzymes.  

 



Frontiers in Life Science Volume VIII 

  (ISBN: 978-93-91768-15-7) 

57 
 

5. Antidiabetic effect:  

Diabetes mellitus is a complex, chronic illness that consists of a group of metabolic 

disorders characterized primarily by hyperglycemia, mainly caused by insufficient insulin 

secretion, or action (Zamudio et al., 2022). Muruganathan et al. (2017) demonstrated that 

menthol significantly mitigates hyperglycemia and improves glucose homeostasis by 

ameliorating glucose metabolic enzymes through stimulating insulin secretion and protecting 

pancreatic β-cells from apoptotic damage in STZ– NA-induced experimental rats.  

6. Anticancer activity  

Cancer is the second-leading cause of death worldwide, a hyperproliferative condition. 

The current cancer chemotherapy medicines have limited clinical applicability due to their non-

selectivity and harmful effects on normal cells (A. Sarfraz et al., 2020). Due to these flaws, it is 

necessary to develop drugs that are cancer-fighting with enhanced pharmacological profiles and 

low toxicity to healthy human cells (I. Sarfraz et al., 2017).  

Menthol has cytotoxic effects on a variety of cancer cells types, including prostate cancer 

cells, according to Wondergem and Bartley (2009). Based on DNA microarray analysis, S. Kim 

et al. (2012) investigated the mechanism of menthol activity on prostate cancer cells. According 

to a gene set enrichment study, menthol specifically influences the expression of genes involved 

in the cell cycle. Polo-like kinase 1 (PLK 1) is a potential therapeutic target for causing G2/M 

arrest in prostate cancer cells. By downregulating PLK 1, menthol reduced downstream 

signaling.  

Nagai et al. (2019) studied changes in the expression of the cytochrome P450 isoform 

CYP3A4mRNA after treating human hepatocellular carcinoma HepG2 cells with menthol. The 

researchers studied the impact of pretreatment with menthol on the cytotoxic activity of the 

CYP3A4 substrates vincristine and paclitaxel (PAC) in cells. The results show that, despite 

lacking cytotoxic activity, menthol downregulated CYP3A4 in HepG2 cells, enhancing the 

antitumor effects of PAC and VIN.  

7. Antipruritic activity  

The most common sign of skin illness, pruritus (itching), is an unpleasant feeling that 

causes a person to itch (Yosipovitch et al., 2004). Menthol has been used as an antipruritic agent 

for many years as either a standalone or in conjunction with other agents (Patel & Yosipovitch, 

2010). Several products that are applied topically to the skin contain menthol for its antipruritic, 

analgesic, antiseptic, and cooling effects. As shown by Bromm et al. (1995), cooling the skin by 

2-40 C decreases the severity of histamine-induced itch, whereas topical application of 1% 

menthol results in a similar reduction of pruritis.  

In mice, L-menthol was tested for its antipruritic effects with a serotonin- or substance P-

induced itch reaction. In a 75 percent polyethylene glycol aqueous solution, L-menthol was 
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dissolved. Cotton wool soaked in a solution of 0, 1, or 3 percent L-menthol was applied for 5 

minutes to the rostral back that had been waxed within the previous 24 hours. Pruritis was 

triggered by serotonin (100 nmol) or substance P (300 nmol). Koga et al. (2009) found that the 

effects of substance P and serotonin on pruritis were markedly reduced by the application of L-

menthol. 

8. Antitussive effect:  

Many cough medications contain menthol (Morice et al., 1994). Three aromatic 

compounds (menthol, camphor, and 1, 8- cineole) were tested for their antitussive effects on the 

cough reflex in conscious guinea pigs (Laude et al., 1994). They found that the aromatic vapours 

of menthol and camphor reduce cough frequency in guinea pigs subjected to cough challenge 

with citric acid. Furthermore, Kenia et al. (2008) found that after menthol inhalation, paediatric 

patients' cough counts decreased compared to baseline. Aerosolized menthol lactam lengthened 

coughing intervals and reduced cough frequency. Also, pre-exposure shortened the latency 

interval and the initial cough response (Kumar et al., 2011).  

9. Transdermal drug delivery  

Percutaneous delivery is impeded primarily by the stratum corneum of the skin 

(Trommer & Neubert, 2006). Numerous studies have been conducted to improve the penetration 

of medicines through the skin. Currently, the most common technique is to apply penetration 

enhancers such as natural terpenes. Monoterpene molecules are small, so they penetrate the skin 

easily. The most commonly used terpenes are menthone, 1,8-cineole, cinene, and nerolidol 

(Cornwell et al., 1996). Its high activity, lack of skin irritation, and low toxicity make natural 

terpenes useful for improving transdermal absorption of medicine (Yang et al., 2020b). 

Kahraman et al. (2018) examined the impact of terpene-containing nanomicelles on improving 

cutaneous medication delivery of limonene, terpinolene, menthol, eucalyptol, and nerolidol. The 

nanomicelles containing terpinolene showed significantly superior skin absorption compared to 

commercial products and nanomicelles without terpene.  

The penetration of menthol into the epidermis can facilitate the absorption of other 

medications (Patel et al., 2007). Compared to 1,8-cineole, which is used for transdermal delivery 

of imipramine hydrochloride, menthol and limonene have been found to be more effective 

transdermal delivery agents for a number of medications including caffeine, hydrocortisone, and 

imipramine hydrochloride (Aqil et al., 2007).  

In vitro studies by Qian et al. (2011) demonstrated that menthol-rich oil facilitates L- 

tethrahydropalmatine's transdermal penetration. The effect of menthol on the permeability of 

dexamethasone disodium phosphate (DPP) in the cornea and sclera of rabbit eyes was 

investigated using topical drop application and subconjunctival injection of DPP. At a 

concentration of 0.05 %, menthol increased significantly DDP penetration in the cornea, but it 
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had no effect on DPP distribution in the sclera. The presence of menthol at high concentrations 

(0.1%) in topical drops significantly increased the concentration of DDP in corneal and aqueous 

humor tissues. In transcorneal and transdermal drug delivery systems, menthol results in 

increased ocular penetration of the drugs (Xu et al., 2011).  

A recent study by Bai et al. (2022) shows that menthol combined with iontophoresis 

increases natamycin's corneal penetration. The penetration of natamycin was tested using an in 

vitro iontophoresis device that resembles a clinical setting, and menthol (0.1-0.3% w/v) was 

added to the donor reservoir of a typical Franz diffusion chamber. The effect of menthol on the 

penetration of natamycin was examined in vivo in a series of bioassays using rabbits that had 

been inoculated with Aspergillus fumigatus in the right eye. The rabbit eye was tested using a 

common test for potential discomfort. Iontophoresis's effects on natamycin penetration were 

markedly enhanced by menthol. The best combination appeared to be 3 mA/cm2ionophoresis 

with 0.2% menthol.  

Conclusion:  

Menthol is a bioactive terpene that has a wide range of potential pharmacological effects. 

This makes it a promising candidate for future biomedical research. 
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Abstract: 

Most microbiological pathogens have become increasingly resistant to available 

antibiotics medications in recent years, resulting in the restriction of a number of antibiotic 

drugs. Considering to this issue many attempts have done to explore novel and potent some of 

bioactive molecules as antimicrobial agent. Biosurfactants or microbial surfactants were 

promised to be a good bioactive molecules alternative for some pervious antibiotic and chemical 

ones, while they are low toxicity, biodegradable, have low critical micelle concentration (CMC) 

values, and effective in various conditions. They have a plenty of applications in different fields, 

the most important is pharmaceutical industries. In our chapter we will focus on how 

biosurfactants can be the new promised antibacterial agent against pathogenic bacteria and multi-

drug resistance organisms (MDRO). 

Keywords: biosurfactants; antibiotic resistance; multidrug-resistant organisms; bioactive 

molecules 

Introduction: 

Biosurfactant is amphiphilic compounds produced by living microorganisms (bacteria, 

yeasts, and fungi), which has polar and non-polar sides and ability to reduce the surface and 

interfacial tension of immiscible phases  (Khopade et al., 2012). It is more preference against 

synthetic surfactant while it is low toxicity, low critical micellar concentration(CMC), greater 

foaming capacity and greater activity in severe temperatures, pH, and salinity, as well as being 

safe and biodegradable (Samsu et al., 2020). Biosurfactants were widely  utilized in a variety of 

areas such as industry, food, agriculture, and pharmaceutical (Díaz De Rienzo et al., 2015). 

Nowadays there are increasing in antibiotic resistance organisms specially in bacteria which is 

known as MDRO (multi-drug resistance organisms) (Tenney et al., 2018). The need of new 

antibiotics against MDRO is daily and globally increasing, hence Biosurfactants were promised 

to be a bioactive molecules with antimicrobial activity (Zampolli et al., 2022).  

Classes of biosurfactants 

Biosurfactants are classified primarily by their molecular weight, chemical composition, 

microbial origin, and extracellular or cell wall attachment (Salihu et al., 2009).In the base of 

molecular weight biosurfactants classified into low molecular weight (LMW), which are 

effective at lowering surface and interfacial tension such as glycolipids and lipopeptides, and 
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high molecular weight (HMW) polymeric compounds, such as polysaccharides, proteins, or 

mixed forms of lipoproteins or lipopolysaccharides which may adher to a variety of surfaces and 

serve as bioemulsifiers, figure (1)  (Jahan et al., 2020). According to chemical composition, they 

are categorized largely based on their chemical structure. Amino acid, peptide, mono-, di-, or 

polysaccharide are common hydrophilic tops. Saturated, unsaturated, straight, branched, or 

hydroxylated fatty acids make up the hydrophobic end (Shekhar et al., 2015).  

 

Figure 1: Classification of microbial surfactants 

 

Microorganisms that produce biosurfactants can be found in both water (sea, fresh water, 

and ground water) and land (soil, sediment, and sludge), as well as habitats with extreme pH, 

temperature, or salinity (Gudiña et al., 2016). 

Bacteria are the most often used producers of biosurfactants among microbes (mold and 

yeast). Pseudomonas sp., Acinetobacter sp., Bacillus sp., Rhodococcus, Enterobacter, 

Halomonas, and Arthrobacter sp. are among the most widely examined bacteria in scientific 

studies as a biosurfactant producers ( Shekhar et al., 2015; Hajfarajollah et al., 2018). In addition 

some of probiotic bacteria showed potentiality to produce biosurfactants which are Lactobacillus 

fermentum, Lactobacillus paracasei, Lactobacillus plantarum, Lactococcus lactis, Streptococcus 

thermophilus and Propionibacterium freudenreichii  (Hajfarajollah et al., 2018). 

Bioactive properties of Biosurfactants (Microbial surfactants) 

Bacterial production for any bioactive molecules were stimulated according to different 

conditions during their growth, including when exposed to hydrophobic (water-insoluble) carbon 
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sources that promote their bioavailability and absorption, limited growth circumstances, and 

protection from stress environmental conditions (Zampolli et al., 2022). Microbes produced 

biosurfactants during the stationary growth phase to help them with substrate bioavailability, 

metal binding, adhesion and de-adhesion to surfaces, quorum sensing, and pathogenicity (Fariq 

& Yasmin, 2020).  In the case of oil spill as an example, Bacteria produced a variety of 

biosurfactant (BS) lipids, which assist to disperse oil into very small droplets, hence increasing 

CO bioavailability (Antoniou et al., 2015). According to literature biosurfactants showed 

Multiple bioactive properties such as anticancer effects, anti-inflammatory effects, antimicrobial 

activity, anti-adhesive, anti-biofilm, and antioxidant (Giri et al., 2019; Shu et al., 2021). 

What is the need of new bioactive molecules? 

Antibiotic overuse and abuse have been connected to the creation and spread of 

numerous resistant strains in recent decades (Lin et al., 2020). MDRO are primarily 

microorganisms that intrinsic antibiotic resistance or developed resistance to one or more 

antibiotic classes, for instance, resistance to sulfamethoxazole-trimethoprim has been discovered 

in Escherichia coli all over the world, leading to an increase in the usage of fluoroquinolones and 

cephalosporins. Antibiotic resistance is on the rise, and Gram negative extended-spectrum β-

lactamase (ESBL) generating enterobacteriaceae are a potential source of dangerous infections 

that are difficult to treat (Cox & Wright, 2013; Tenney et al., 2018). Also, the epidemiology of 

resistance in Gram-positive bacteria has changed dramatically, with methicillin-resistant 

Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE) now causing 

global concern (Huang et al., 2019). 

Antibiotic agents were killed or inhibited bacteria by interference the synthesis of cell 

wall (β-Lactams and Glycopeptides), protein synthesis inhibition by binding to 50S ribosomal 

subunit (macrolides, chloramphenicol, clindamycin, quinupristin-dalfopristin, and linezolid); 

binding to 30S ribosomal subunit (aminoglycosides, and tetracyclines); or binding to bacterial 

isoleucyl-tRNA synthetase (mupirocin), nucleic acid synthesis by inhibiting DNA synthesis 

(fluoroquinolones); or inhibit RNA synthesis (rifampin), metabolic pathway inhibition 

(sulfonamides, and folic acid analogues), disruption of bacterial membrane structure 

(polymyxins and daptomycin), (McManus, 1997; Tenover, 2006). 

Intrinsic and acquired resistance to antimicrobial drugs are the two most common kinds 

of resistance. Bacterial intrinsic resistance is a genus- or species-specific trait. Acquired 

resistance, on the other hand, is a strain-specific trait that can occur as a result of the acquisition 

of foreign resistance genes or mutational change of chromosomal target genes (Stratton, 2000). 

Several antibiotic resistance mechanisms are easily acquired among bacterial taxa. First, the 

organism may acquire genes producing enzymes that degrade the antibacterial agent before it can 

have an impact, such as β-lactamases. Second, bacteria may develop efflux pumps, which expel 
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antibacterial agents from the cell before their reaching to target sites and exert their effect. Third, 

Many genes for a metabolic pathway can be acquired by bacteria, which ultimately build up 

modified bacterial cell walls resulting to alteration of the binding sites of antimicrobial agents 

(Tenover, 2006). Susceptible bacterial populations can develop resistance via mutation and 

selection, or by receiving antimicrobial agents-coding genetic information from other bacteria. 

Transformation, conjugation, or transduction are some of the genetic pathways that might cause 

the final event (McManus, 1997). 

There are difficulties in identification of new and effective compounds, as well as the 

high investments demand for their development, the number of novel antimicrobials discovered 

has decreased significantly in recent decades (Only two new antibiotic classes have been 

approved for use since 1962), (Gudiña et al., 2016). Furthermore, the need for novel and more 

powerful antibiotics to address the ongoing rise of multidrug-resistant organisms (MDRO) is 

particularly pressing in the quest for new therapeutic leads. Aging, immunosuppression, and 

invasive surgical operations have all raised the risk of serious infections, while globalization has 

aided the spread of multidrug-resistant organisms (MDRO). As a result, infections caused by 

drug-resistant bacteria have increased morbidity, mortality, and health-care cost (Monciardini et 

al., 2014). Hence, the microbiota looks to be a viable and limitless source for new drug 

development with new chemotherapeutants, particularly novel antibiotics to battle diseases and 

multidrug-resistant organisms (MDRO), which are becoming a major public health concern 

(Romano et al., 2017). 

Antibacterial activity of biosurfactants (microbial surfactants) 

It was found that biosurfactants derived from a variety of probiotic bacteria inhibit the 

adhesion of many microorganisms (Rodrigues, 2011). Furthermore, they showed antibacterial 

action through increasing the permeability of the cell membrane, leading to increase the releases 

of proteins and leakage the  absorbing intracellular materials (Bharali et al., 2013). 

Biosurfactants (BS) from Lactobacillus acidophilus NCFM and Lacticaseibacillus rhamnosus 

GG demonstrated dose-dependent antibacterial and antibiofilm effects against methicillin-

resistant and sensitive staphylococcal isolates, with cell death validated by changes in cell 

surface integrity (Nataraj et al., 2021). Lactobacillus acidophilus–derived biosurfactant showed 

significantly reduced rsmA expression whereas increased flhDC expression in Proteus mirabilis 

isolates leads to reduce the adhesion of strains to microtiter plate and glass slide surfaces due to 

the reduction of surface tension. Hence, it's possible that the created biosurfactant will interfere 

with P. mirabilis adherence to catheters and other devices  (Shokouhfard et al., 2022). However, 

biosurfactant derived from Lactobacillus plantarum showed low toxicity to E. coli and enhanced 

its cell permeability (Montoya Vallejo et al., 2021). 
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 Rhamnolipids (RLs) showed suppressed growth during the exponential phase, implying 

that they may affect cell division, whereas sophorolipids'(SLs) antimicrobial actions occur 

between the exponential and stationary phases(Płaza & Achal, 2020). RLs inhibited S. aureus 

and  Klebsiella pneumonia at the range of concentration  3.67%–3.98% and 3.84%–3.99%, 

respectively(Bharali et al., 2013). However, in results observed by Smsu et al. demonstrate that 

RLs inhibited Bacillus subtilis with diameter of zone of clearance of 20mm while no clear zone  

showed in the case of E. coli (Samsu et al., 2020). 

Lipopeptides biosurfactants from Bacillus subtillis R14 were tested for antibacterial 

efficacy against 25 bacterial strains (11 strains of Enterococcus faecalis, 6 strains of 

Staphylococcus aureus, 7 strains of Pseudomonas aeruginosa, and 1 strain of Escherichia coli 

CI18). Findings were showed that lipopeptides had a wide range of actions, including 

antibacterial efficacy against multidrug-resistant pathogens (Fernandes et al., 2007). In another 

study a novel lipopeptides produced by Streptomyces amritsarensis sp. nov. (= MTCC 11845T = 

JCM 19660T) showed antibacterial activity against Bacillus subtilis (MTCC 619), 

Staphylococcus epidermidis (MTCC 435), Mycobacterium smegmatis (MTCC 6) and clinical 

strain, Methicillin Resistant Staphylococcus aureus (MRSA)(Sharma et al., 2014). 

The novel R7 biosurfactant peptide from Rhodococcus opacus was shown to have 

antibacterial action against Escherichia coli ATCC 29522 and Staphylococcus aureus ATCC 

6538, with MIC values of 2.6 mg mL-1 and 1.7 mg ml-1, respectively (Zampolli et al., 2022). 

Fengycins produced by Bacillus amyloliquefaciens JFL21 showed significant antimicrobial 

activity against Listeria monocytogenes, Aeromonas hydrophila, and Colletotrichum 

gloeosporioides, indicating that fengycins might play a key role in antibacterial and antifungal 

activities (Lin et al., 2020). 

A Biosurfactants may act in Synergy with Antibiotics to improve their efficacy. Total 

inhibition was obtained using a combination of sophorolipids and tetracycline against 

Staphylococcus aureus which showed a 25% inhibition rate before 4 hours of exposure, 

comparing with tetracycline alone within 6 hours. Furthermore, the Sophorolipids-cefaclor 

combination was effective against Escherichia coli, which demonstrated 48 percent greater 

inhibition within 2 hours of exposure than cefaclor alone. Scanning electron microscopy 

indicated bacterial cell membrane destruction and pore generation in the cells treated with the 

combination. Sophorolipids can pass through structurally similar cell membranes, due to their 

Nature amphiphilic leading to allow medication molecules to enter more easily (Joshi-Navare & 

Prabhune, 2013). 

Green technique also used  for synthesis of gold nanoparticles (AuNPs), microbial 

glycolipid mannosylerythritol lipid (MEL)biosurfactant generated from Ustilago maydis 
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CGMCC 5.203 effectively reduced cell growth of pathogenic Gram-positive and Gram-negative 

bacteria  (Bakur et al., 2019). 

Conclusion:  

Microbial surfactants were promised to be one of the sources of antimicrobial agents, and 

can be a good alternative for some pervious antibiotic and chemical ones. Hence, it showed 

inhibition effect against gram positive, gram negative bacterial and fungal growth in dose 

dependent manner. 
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Introduction: 

The term "biofilm" describes aggregates of complex, sessile communities of bacteria that 

are either directly embedded in an extracellular matrix or adhering to a surface. Bacteria are 

flexible to adverse environments and resistant to antibacterial treatments because of the biofilm 

matrix that surrounds them. Additionally, a variety of chronic illnesses are brought on by 

biofilms, and it is now extremely challenging to effectively treat them as a result of the rise in 

bacterial antibiotic resistance (Roy et al., 2018). Biofilm formation is linked to 65 percent and 80 

percent of all microbial and chronic disorders, respectively, according to the National Institutes 

of Health (NIH) (Jamal et al., 2018). About 50% of Hospital - Acquired Infections remain 

contained within patients by indwelling medical devices such as cardiac pacemakers, catheters, 

dentures, joint prosthesis, contact lenses, and prosthetic heart valves (Piozzi et al., 2013; Wu et 

al., 2014a). Such foreign substances provide a perfect surface for bacteria adhesion. Thus, the 

presence of implants causes a considerable rise in biofilm production. In many circumstances, 

antibiotics such as imipenem, colistin, etc. can merely diminish biofilms but not remove them 

completely. This is not able to attain the lowest antibiotic concentration in vivo due to their 

toxicity and side effects. As a result of the increasing MBC and MIC values for biofilms 

bacterial cells, antibiotic therapy has become less effective (Roy et al., 2018). Biofilm is to 

blame for a variety of problems, including water and food contamination, bio-corrosion, and 

drug-resistant diseases. Aside from management concerns, biofilms are difficult to diagnose 

caused by a lack of biofilm-specific markers and non-destructive scanning methods. 

Biofilm formation 

The notion of biofilm is invented (Marshall et al., 1971) and further described by 

Fletcher, Costerton, and Characklis, “Biofilm is the unique pattern of growth in the life cycle of 

microbes that provides specific properties, advantages and higher level of organization to the 

free-living bacterial cells during colonization”(Flemming & Wuertz, 2019). The definition of 

biofilm is much improved by Flemming and Wuertz (2019), biofilms are collections of separate 

sessile cells that divide to produce smaller clusters, microcolonies, and bigger amounts. A 

multilayered heterogeneous microbial mat only has direct contact between the film underneath 

the biofilm and the substrate. Biofilms are widely employed in a wide range of biotechnological 
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applications, such as the generation of biofuel, the treatment of wastewater, and the filtering of 

drinking water. In particular, Brownian motion, sedimentation, and hydrodynamic forces are 

responsible for the deposition of bacteria, whereas base-acid, hydrophobic, electrostatic contact 

forces, and Lifshitz-Van der Waals are in charge of adherence to the substrate. Limited oxygen 

supply also affected antibiotic resistance in Pseudomonas aeruginosa, where antimicrobial is 

efficacious just at interface of air-biofilm, the section of a biofilm susceptible to O2 (500-900 mm 

in the biofilm). Furthermore, report show that when exposed to a sub-lethal dosage of an 

antibiotic, biofilms cells incur a greater rage of modification than the planktonic, culminating in 

a ten percent greater in the effectiveness of transport of plasmids containing resistance genes of 

antibiotic (Ma & Bryers, 2012; Walters et al., 2003). 

 

Figure 1  Model for microbial biofilm growth. A biofilm is made up of five distinct stages: 

I. Attachment: Microbial cells cling to the surface in a reversible manner. II. Colonization: 

Microbial cells adhere to the surface in an irreversible manner via flagella, pili, 

exopolysaccharides, and so on. III. Growth: multilayered cells collect and synthesise 

extracellular polymeric molecules (EPS). IV. Mature: steady tri community development. 

V. Active dispersion occurs when microorganisms are dispersed from the aggregation 

biofilm and revert to a planktonic condition. (Yin et al., 2019) 

 

The biofilms lifeway are an endless loop, and the process of biofilm colonies can be 

summarized into the five basic stages shown in Figure 1: Adsorption: Microbes are transiently 

absorbed to a surface through van der Waals forces (such as weak interactions) with an abiotic or 

biotic surface. Invasion occurs when microorganisms become permanently applied to the surface 

via greater hydrophobic/hydrophilic contacts mediated by pili, flagella, pili, exopolysaccharides, 
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lipopolysaccharides, collagen-binding adhesive proteins, and so on. Cell growth accumulates 

multi - layered colonies, and EPS is generated and produced; Maturation occur the stable 

establishment of a 3D community with routes that efficiently transfer nutrition and signale 

chemicals inside the biofilm. Active dispersion occurs when microbial cells get detached in 

clump or split as a result of interactions with either extrinsic or intrinsic causes, with the 

dissipated cells populating new sites (Yin et al., 2019). 

Molecules and their mechanism of action of anti-biofilm 

D-tyrosine significantly reduces cell adhesion, which prevents the development of 

biofilm. At extremely low concentrations, it also leads to biofilm breakdown in B. subtilis and P. 

aeruginosa. D-tyrosine has a concentration-dependent and significantly different effect on the 

generation of EPS and extracellular protein in Gram-negative and Gram-positive bacteria. 

Extracellular protein concentrations rose in Bacillus subtilis biofilms while falling in P. 

aeruginosa biofilms. Additionally, P. aeruginosa Extracellular Polysaccharide Substance 

production in the presence of low concentrations of D-tyrosine and reduced in the presence of 

higher quantities, although B. subtilis showed no change (Yu et al., 2016).  The Purified 

dextranase decreased the biofilms of the P. aeruginosa standard strain PAO1 after 24 hours by 

86 percent and prevented biofilm development to a lesser extent (6 percent reduction) (Ebaya et 

al., 2020). As an outcome, one of the most significant areas of research today is the study of 

biofilm and the methods to eradicate it. Although there have been several evaluations of anti-

biofilm substances, this study focuses particularly on various methods or targets of biofilm 

inhibition. Few tactics to fight biofilm have been described in a recent review by Wu et al. These 

methods include removing stents and implants that are contaminated and replacing them with 

fresh ones that are clean, inhibiting the pathway of quorum sensing, and modifying c-di-GMP to 

deplete biofilm infections (Wu et al., 2014b). 

Within a biofilm, "super-resistant" bacteria have been found that contain multidrug-

resistant pumps that may discharge antibiotic substances from the cell. The mechanism provides 

defense against antibiotics that target cell wall production because these pumps move the 

medicines outside the outer membrane. Veillonella, Actinomyces, Streptococcus mitis, S. oralis, 

S. sanguis, and Eubacterium are essential for the use of antimicrobial drugs in the therapy of 

biofilm-associated illnesses (Peterson FC, 1998). 

1. Quorum Sensing (QS) 

Numerous antibiotics have been developed to extend life expectancy and to treat the 

dangerous rise in bacterial infections (Bhardwaj et al., 2021). Ten years ago, it was clearly 

shown that inhibiting QS using synthetic furanones greatly reduced P. aeruginosa lung 

infections in-vivo (O’Loughlin et al., 2013). During QS, most bacteria, particularly bacteria of 

Gram-negative, use N-acyl homo-serine lactones as signaling molecules to control population 
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density and enhance swarming movement. The lengths and acyl side chain alterations of these 

signaling molecules vary. A flavonoid, quercetin, influences quorum sensing and acts as just an 

anti-biofilm agent versus Staphylococcus aureus. It inhibits alginate production in a 

concentration-dependent way, reducing adhesion during biofilm growth. As a result, swarming 

motion is induced and exopolysaccharide synthesis, which is necessary for the initial adhesion of 

bacteria, is decreased (Lee et al., 2013; Memariani et al., 2019).  

2. Neutralization of lipopolysaccharides 

Alternative to traditional antibiotics and a potent anti-biofilm agent is the antimicrobial 

peptide (AMP). AMPs are low-molecular-weight, evolutionarily conserved proteins that have 

antibacterial effect against bacteria, fungus, and viruses. They typically have a positive charge 

and have both hydrophobic and hydrophilic sides, which allows them to penetrate the lipid 

bilayer and dissolve in water (Kharidia & Liang, 2011). In order to interact electrostatically with 

lipopolysaccharides, antimicrobial peptides frequently come into touch with two positive amino 

acids (arginine and lysine) and that associated head groups (LPS). The complex is held together 

by hydrophobic interactions between the fatty acyl chains of LPS and both the peptide's 

hydrophobic amino acids (Li et al., 2004). Although the oral cavity continues survive by 

Porphyromonas gingivalis W83, Nal-P-113 at low doses is adequate to prevent the production of 

biofilm (W. Wang et al., 2017). Gram-negative bacteria's outer membrane becomes permeable 

when polymyxins, particularly colistin or polymyxin E and polymyxin B (Penta basic 

decapeptide antibiotics), bind to lipid A of LPS (Roy et al., 2018) . 

3. Removal of extracellular polysaccharide 

The biofilm's Extracellular Polysaccharide Substance (EPS) shields bacteria from 

antimicrobial treatments. The disintegration of the EPS would expose these chemicals to both the 

released and remaining biofilm cells. Few enzymes, such as DNases and lyases of 

polysaccharide, can break exo-polysaccharides (Stewart, 2015). DNase-I may digest extracellular 

DNA (eDNA) present inside biofilm structures because Dispersing B, a glycoside hydrolase, do 

by cleaving polymers of PNAG (poly--1-6 N-acetylglucosamine), It can also dissolve EPS 

layers found on medical equipment (Kaplan, 2009). Therapeutic translating of biofilm-dispersing 

enzymes is complicated by their vulnerability to restructuring, degradation, and removing after in 

vivo delivery. Drug delivery methods try to circumvent these restrictions by encapsulating, 

stabilizing, and protecting the enzyme activity from the outside environment (Thorn et al., 2021). 
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Figure 2 A diagram depicting an antibiotic combination and biofilm-dispersing enzyme 

treatment (Thorn et al., 2021) 

 

Enzymes have shown capacity to disassemble the biofilm architecture and supporting 

system, making the inner bacterial community more susceptible to antibiotic treatment. 

Furthermore, by interfering with EPS generation, such enzymes may be able to inhibit biofilm 

development. These catalytic have been termed as biofilm-dispersing enzymes, and when paired 

with antibiotics, they have the potential to target and remove biofilm-related illnesses. Biofilm-

dispersing enzymes lack direct antibacterial characteristics. As depicted in the diagram Figure 2, 

combination treatment with the antibiotics, in additional to an active immune response, is 

necessary to eliminate the scattered bacteria from the biofilm (Thorn et al., 2021). 

4. Bacteriophage therapies 

Phages are being used in a variety of applications, including anti-biofilm agents, as a 

result of the new interest in using bacteriophage treatment as an differ from traditional 

antibiotics. Because bacteria live in biofilms in wildlife, phages are viruses that multiply and 

infect the bacteria, either turning them into lysogenic or lysing them to death of bacteria. Since 

more than 50 years ago, bacteriophage treatment has been used to heal an bacterial diseases. The 

rise of antibiotic resistance, particularly the multidrug-resistant bacteria, has increased interest in 

bacteriophage research (Sintim et al., 2010). Both antibiotic-sensitive and resistant bacteria can 

be infected killed by bacteriophages (Wu et al., 2014b). The effectiveness of phages in removing 

biofilms has been demonstrated in several of laboratory-based studies utilizing biofilms 

(Gutiérrez et al., 2016). There is proof that harmful bacterial biofilms may be effectively 

removed under various circumstances and employing materials that are comparable to those 

present in surfaces of food-contact. Regarding this, three Listeria monocytogenes infecting 

phages are LiMN4p, LiMN17, and LiMN4L were tested against seven days biofilms produced 

by a mixing of the three strains on coupons of stainless steel (104 cfu/cm2) (Ganegama Arachchi 

et al., 2013).  

5. Inhibition of cell division and survival 

Positively charged of silver nanoparticles coated with trimethyl chitosan nitrate are 

utilized to inhibit biofilm development in Candida albicans and C. tropicalis (S. H. Wang et al., 

2020). Cell divisions are difcilty for bacteria in biofilms and its dissemination to specific areas. 
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Silver collects inside intra vacuoles, causing plasma membrane damage and a change in the 

electrical potence, limiting cell division (Tiwari, Roy, and Tiwari 2015). Microcin B17, a 

biosynthetically produced antibacterial peptide derived from Enterobacteriaceae, inhibits DNA 

gyrase, which leads to inhibition of DNA replication. It’s the front-line peptide to be capacity of 

block a type II DNA topoisomerase (Vizan et al., 1991). Chitosan, a molecular dyad, have the 

capacity to damage negatively charged membranes of bacterial as soon as bacteria function on 

the particle surface to its cationic nature (A. Zhang et al., 2013). Peptides of antibacterial are rich 

in proline such as drosocin, picrocrocin, and apidaecin (Roy et al., 2018).  

Anti-Biofilm molecules of Cytotoxicity  

Cytotoxic activity is by far the most critical aspect in determining any negative effects of 

generally pro molecules to employing them professionally for biofilm control and eradication. 

There are many methods for testing cytotoxicity, including the XTT assay, the MTT assay, the 

lactate dehydrogenase (LDH) assay, the colony formation method, crystal violet, the, Trypan 

blue, DAPI, and PI. Plant chemicals that are naturally generated, are not generally harmful. 

Cytotoxicity tests in a range of species have shown that octanedione hydrochloride is not 

retained via the intestinal mucosa or mucosal surfaces and has no documented genotoxicity, 

mutagenicity, or carcinogenicity (Hirsch et al., 2009; Mishra et al., 2020). S-phenyl-L-cysteine 

sulfoxide & it inhibits biofilm (precursor diphenyl disulfide) growth via quorum sensing 

suppression are shown to be non-lethal & non-toxic in Drosophila-based bioassays, but they had 

a significant impact on P. aeruginosa biofilms development (Cady et al., 2012; Carette et al., 

2020).  

Difficulties of biofilms identification 

 Biofilm-associated infections are typically long-lasting and restricted to specific infection 

sites, including implants. Additionally, clinical data indicates that biofilms have the potential to 

cause occult, or subclinical, infections over long periods of time. These infections have lower 

inflammatory signs than primary infection and manifest only after biofilm is shed, resulting in 

Bacteremia. The extremely variable dispersal of biofilms, as well as the presence of finicky 

strain and/or multispecies biofilms that require specific growth components, provide challenges 

to culture strategies. There is presently no standardized, reliable approach for detecting biofilms 

in clinical settings. Aside from diagnosing Biofilm-associated diseases in vivo, microbial 

identification on resected clinical equipment may be risk, but the microbes are difficult to culture 

(if dormant or missing growth factors) or collect (if restricted in cracks like those in endoscopes) 

or sampling may be ineffective unless microorganisms are eliminated with more energy, such as 

sonication (Xu et al., 2020).  
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Detection of biofilm methods 

Biomarkers  

Biofilm identification will be effective if biofilm-specific biomarkers on bacteria, in 

addition to host factors, are identified. Then the finding of Biofilm-associated protein (Bap) in S. 

aureus, several bacterial species have been shown to contain Bap homologs. Many of these 

proteins are located on surfaces of bacterial and have been linked to biofilm formation and 

persistent mammary gland infection. QS Signals have also been shown to influence 

inflammatory factor levels and innate immune proliferation, which may contribute in the 

development of recent biomarkers for detection of biofilm. Due to the persistence of Bacterial 

associate infections, the immune system can’t be removing of biofilms. As a result, acquired and 

innate immune responses are assumed to coexist (Moser et al., 2017; Xu et al., 2020). 

Molecular methods 

In detecting bacteria, DNA-based studies are more sensitive than culture methods, 

including non-cultivable cells and material with mixed species. Ribosomal RNA is the primary 

target of conventional polymerase chain reaction (PCR) detection techniques. Antibiotic 

resistance, for example, can be provided via included gene targets. In comparison to PCR 

analyses that targeted individual genes, meta-genomic sequencing can provide more information 

on resistance to antibiotics, virulence genes, and other important physiological aspects. WGS 

(whole-genome sequencing) has lately enhanced speed and precision while decreasing prices 

(Liu et al., 2016; Quainoo et al., 2017). 

Biofilm imaging techniques 

 Basic imaging approach with strong prognostic value for giving visual detection of 

biofilm presence. Confocal Laser Scanning Microscopy (CLSM), Fluorescence In-Situ 

Hybridization (FISH), and subsequently enhanced Peptide Nucleic Acid (PNA)-FISH can offer 

3-D information on biofilm and the located of various species. However, this sophisticated 

imaging technique need a crystal clear of sight with the sample and have damaging, making them 

unsuitable for in-situ detection/diagnosis. Time-Of-Flight Secondary Ion Mass Spectrometry 

(TOF-SIMS), Scanning electron microscopy (SEM), Mass Spectrometry Imaging (MSI) and 

Transmission Electron Microscopy (TEM) all face similar challenges (Achinas et al., 2020; 

Relucenti et al., 2021). Surface enhanced Raman spectroscopy (SERS) and Raman spectroscopy 

(RS), on the other hand, provide non-destructive molecule identification with excellent 

sensitivity. By detecting photon that differ energy while bouncing off a material, RS is more 

sensitive in detecting reduced molecules, such as P. aeruginosa pyocyanin (5 ppb) in quorum 

and sputa sensing signaling in biofilms of P. aeruginosa in mice. (Raman scattering) (Bodelón et 

al., 2016; Nguyen et al., 2018; Wu et al., 2014). 
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Bio-impedance based sensing 

 Biofilm growth and accompanying inflammation on an implant can drastically modify 

the eco-system surrounding the device-host tissue and device surface contact, allowing for 

biofilm-specific sensing. One way for measuring such changes is electric impedance, which 

illustrates the retardation of a line under pulsating dc provided at specific frequencies (L. Liu et 

al., 2018; van Duuren et al., 2017). Lithography used to design a CMOS on-chip impedance 

analysis system. These electronics tools are incredibly compact, sensitive, and have the potential 

to be bulk on a massive scale utilising modern manufacturing processes. As a label-free approach 

of monitoring biofilm formation and therapy, solitary impedance spectroscopy has been 

developed. from it’s not need specimen processing and can be conducted endlessly without 

actually collecting the biofilms, EIS has the promise to be an useful analyser in the future, which 

is a considerable advantage over many other approaches (Gutiérrez, Hidalgo-Cantabrana, et al., 

2016; van Duuren et al., 2017). 

SAWs  

SAW (Surface Acoustic Wave) is vibrational waves that go through a solid thing and are 

influenced by its flexibility. LW-SAW devices, when combined with Love Waves (LW) that 

flow over a surface, can allow label-free real-time monitoring of polymeric compounds with high 

sensitivity. Recently, a novel SAW-based device is developed that would be strapped onto a tube 

of liquid-filled and operate as an activator to control non-hard layer deposit on the pipe wall. 

This gadget can tell the difference between a soft coating like biofilm and a non-soft layer like 

limescale in a tube of metal. This modular gadget might be used for pipeline inspections and 

medical catheter checks, offering an option to incorporating into equipment. Instead of placing a 

SAW sensor on the surface of concern, it converts it into a substrate for examination. In addition 

to sensing, SAW has been employed in biofilm remediation, giving a potential opportunity to 

construct smart devices (Tietze et al., 2018; Wang et al., 2017). 

Alternative methods 

Researchers are constantly pushing the boundaries of analytic biotechnology and device 

manufacturing to create portable detection and highly sensitive devices. For understanding, a 

disposable sensor for C-reactive protein detecting comprised of a tiny section of optical fiber and 

surface coating of antibody s provides a constant linear relation to the target molecule ranging 

from 0.01 to 20 mg/mL (W. Wang et al., 2017). Meanwhile, Zhang et al. reported employing 

surface plasmon resonance waveguide mode to sensor biofilm growth and therapy in actual time 

(P. Zhang et al., 2018). Cantilever technology may be utilized to create an arrays sensor that 

detects numerous targets of concern at the same time (Zheng et al., 2019). Although some are 

does not directly relevant to in vivo biofilm sensor, they have the capability to identify 
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biomarkers and analyze explanted medical devices. Addressing these issues will result in 

innovative new technology for safer medical equipment and improved healthcare. 

Conclusion: 

Detecting microbes in resected medical equipment is a never-ending cycle. Because most 

Bacterial associated infection are difficult to identify at the species level and are often 

incompatible with existing biomarkers. The medical profession demands innovative universal 

biological markers and the development of highly sensitive detection technologies to accomplish 

precise species level identification. Effective biofilm detection also needs the use of low-cost, 

simple-to-manufacture portable electronics with extended life spans and little maintenance. 

Emerging technologies that merge molecular markers with improved imaging, as well as a 

greater understanding of biofilm physiology, will also benefit future breakthroughs in this sector. 
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Abstract: 

EPNs cause diseases in insects and their role in the natural regulation of insect 

populations have been recognized for many years. The entomopathogenic nematodes possessing 

balanced biological control attributes belong to genera Steinernema and Heterorhabditis and are 

having mutualistic association with bacteria of the genus Xenorhabdus for Steinernematidae and 

Photorhabdus for Heterorhabditidae. It is their interaction with facultative anaerobic intestinal 

bacteria that confers their harmful effect. The free-living nematode stage, the third-stage 

infective juvenile (also known as dauer juvenile or IJ), which lives in the soil, vectors the 

bacterium from one insect host to another. Once within the insect, the nematodes release bacteria 

into the insect's hemolymph, causing widespread septicemia, which kills the insect host. The 

bacteria also break down the insect's tissues and provide food for the nematodes, allowing them 

to mature and multiply. Entomopathogenic nematodes being highly lethal to many important 

insect-pests, are safe to non-target organisms and working with their symbiotic bacteria kill the 

insects within 24-28 hours as compared to days and weeks required for insect killing in other 

biological control agents. 

Introduction: 

The parasitic worms known as entomogenous nematodes are either obligatory or 

facultative parasites of insects. In addition to delaying development, behavioural, physiological, 

and morphological problems, entomogenous nematodes also induce sterility, decreased 

fecundity, longevity, and flying activity in their hosts. In some situations, they also cause rapid 

mortality. It has been established that 23 different nematode families are parasites of insects. 

Species that can biologically regulate insects are found in seven of these groups (Koppenhofer 

and Kaya, 2002). The use of chemicals is essentially uneconomical, complicated, and associated 

with significant costs, pollution, and other issues. As a result, there is a rising demand for 

alternative, economically and environmentally sound insect pest control techniques. At the 
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Tavistock Golf Course near Haddonfield, New Jersey, Glaser and Fox discovered a nematode 

infecting Popillia japonica, the grub of the Japanese beetle, in 1929. Neoaplectana 

(Steinernema) glaseri was the name given to the nematode by Steiner in the same year. 

Entomopathogenic nematodes are a good fit for integrated pest management because they 

are exceedingly specific to their target pests, non-toxic to humans, and can be applied using 

standard pesticide equipment (Shapiro-Ilan et al., 2006). EPNs have undergone significant 

research for the management of white grubs (Klien, 1993). According to Karunakar et al., 

(2000), Steinernema glaseri and Heterorhabditis indica were efficient against distinct 

Holotrichia serrata instars. Heterorhabditidae and Steinernematidae species have been 

employed successfully in pest management programmes as biological pesticides (Grewel et al., 

2005). 

Advantages: 

Although extremely destructive to many significant insect pests, entomopathogenic 

nematodes are harmless for non-target organisms (Georgis et al., 1991). Nematode applications 

do not require the use of masks or other safety equipment because of their high level of safety, 

unlike chemicals or even Bacillus thuringiensis, and there are no issues with re-entry time, 

residues, groundwater contamination, chemical trespass, or pollinators. When nematodes engage 

with their symbiotic bacteria, they can kill insects in as short as 24 to 48 hours, whereas other 

biologicals need days or weeks to do so. Numerous different insect pests are susceptible to 

infection, however in field experiments, no adverse effects on beneficial insects or other 

nontargets have been noted (Georgis et al., 1991; Akhurst and Smith, 2002). Nematodes are 

compatible with ordinary agrochemical equipment, including fans, backpack sprayers, pressure 

sprayers, mist sprayers, electrostatic sprayers, aerial sprayers, and irrigation systems. This 

enables their mass production and eliminates the need for specialised application tools. 
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Life cycle:  

Steinernematids and heterorhabditids both include entomopathogenic nematodes with 

similar life cycles. Free-living, non-feeding, developmentally arrested juveniles of these 

nematode species have characteristics with both insect parasitoids and predators. They are highly 

pathogenic, quickly kill their hosts, are simple to culture, and have a high reproductive potential. 

The nematodes enter the insect's body cavity when a host is located through thin cuticle patches 

or natural body openings like the mouth, anus, or spiracles. S. glaseri penetrated Popillia 

japonica larvae largely through the gut, according to Wang and Gaugler's (1999) comparison of 

the behaviour of S. glaseri and H. bacteriophora. H. bacteriophora had difficulty entering the 

gut because to the thick peritrophic membrane, but it was successful in passing through the 

cuticle's intersegmental membranes. A symbiotic bacterium (Xenorhabdus for steinernematids 

and Photorhabdus for heterorhabditids), which is a motile, Gram-negative, facultatively 

anaerobic rod belonging to the Enterobacteriaceae family, is released from the nematode gut 

once inside the host and causes rapid insect death due to septicemia. Eight species have so far 

been discovered, however it is still necessary to identify the majority of isolates from newly 

characterised entomopathogenic nematode species (Hazir et al., 2003). The nematodes develop 

into adults while consuming the host's liquefying fluid and bacteria. Only nematodes (3rd stage 

IJs) can transmit bacteria from one host to the next. While heterorhabditids develop into self-

fertilizing hermaphrodites, following generations within a host can generate both males and 

females, steinernematid IJs can mature into either men or females. The life cycle is finished in a 

matter of days, and hundreds of thousands of new infectious juveniles emerge in search of fresh 

hosts. 

 

Generalized life cycle of entomopathogenic nematodes 
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Mode of action: 

Nematodes and bacteria combine to form nematopathogenic nematodes. The nematode 

depends on the bacterium to quickly kill its insect hosts, to create an environment that is 

favourable for its development by producing antibiotics that eliminate secondary microbial 

competitors, and to break down the host tissues into a food source. The bacterium needs the 

nematode for defence against the outside world, entrance into the host's hemocoel, and inhibition 

of the host's antimicrobial proteins. The bacteria that nematodes release into insect hemolymph 

causes septicemia, which kills the host. Nematodes feed on decomposing insect tissue, which 

enables them to grow. 

Searching Behaviour: 

Ambushers and cruisers are the two search methods employed by entomopathogenic 

nematodes (Grewal et al., 1994a). In order to save energy, ambushers like Steinernema 

carpocapsae wait on wait to strike moving insects (nictitating) in the upper soil. Cruisers, such 

as Steinernema glaseri and Heterorhabditis bacteriophora, are very active and typically 

underground, travelling great distances to locate their host belowground. As a result, they work 

well against pests that are less mobile, such white grubs (Scarab beetles). In order to locate their 

host, several nematode species, including Steinernema feltiae and Steinernema riobrave, employ 

an intermediate foraging strategy (a blend of ambush and cruiser type). 

 

  

Production and storage technology 

Entomopathogenic nematodes are mass produced as biopesticides using in vitro or in vivo 

technology. (Gaugler and Shapiro-Ilan 2002). Nematodes can be prepared and preserved in a 

variety of methods, including using vermiculite, alginate gels, polyurethane sponges, water-

dispersible granules, and baits. Depending on the nematode species, the storage medium, and 

other factors, prepared entomopathogenic nematodes can be kept for 2 to 5 months. 
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Commercial use of EPNs (Steinernema and Heterorhabditis) as bioinsecticides 

EPN species Major pest(s) targeted – as recommended by various 

commercial companies 

Steinernema glaseri White grubs (scarabs, especially Japanese beetle, Popillia 

sp.), banana root borers 

Steinernema kraussei Black vine weevil, Otiorhynchus sulcatus 

Steinernema carpocapsae Turfgrass pests- billbugs, cutworms, armyworms, sod 

webworms, chinch bugs, crane flies, Orchard, ornamental 

and vegetable pests- banana moths, codling moths, cranberry 

girdlers, dogwood borers and other clearwing borer species, 

black vine weevils, peachtree borer, shore flies 

Steinernema feltiae Fungus gnats (Bradysia spp.), shore flies, western flower 

thrips, leafminers 

Steinernema scapterisci Mole crickets (Scapteriscus spp.) 

Steinernema riobrave  Citrus root weevils, mole crickets 

Heterorhabditis bacteriophora White grubs, cutworms, black vine weevils, flea beetles, corn 

root worms, citrus root weevils 

Heterorhabditis megidis weevils 

Heterorhabditis indica  Fungus gnats, root mealybugs, grubs 

Heterorhabditis marelatus White grubs, cutworms, black vine weevils 

Heterorhabditis zealandica Scarab grubs 

 

In vivo production: 

Several writers have published on how to cultivate entomopathogenic nematodes in 

insect hosts (Dutky et al., 1964, Poinar 1979; Kaya and Stock, 1997). In vivo production is a 

straightforward procedure that uses trays, shelves, and a surrogate host—typically the larvae of 

the wax moth (Galleria mellonella) to cultivate a specific entomopathogenic nematode in live 

insect hosts. A White trap (White 1927), used in in vivo production, makes use of the juvenile 

stage's natural migration away from the host-cadaver. However, this technology may only be 

suitable for small markets or laboratory investigations, as it is not cost-effective for productions 

that are scaled up (Shapiro-Ilan et al., 2002). The yield is affected by the species of nematode 

and host that are employed. The size of the host has an impact on the yield of the majority of 

nematode species. (Blunova and Ivanova 1987 and Flanders et al., 1996) On the other hand, 

among host species, host size or age is typically inversely correlated with yield per mg of insect 

and sensitivity to infection. (Dutky et al., 1964; Blinova and Ivanova 1987). The least quantity of 

resources are needed for in vivo generation. (Friedman1990; Gaugler and Han 2002). The final 
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instar of the greater wax moth, Galleria mellonella, is the most frequently used insect host for in 

vivo laboratory and commercial entomopathogenic nematode production due to its high 

susceptibility to most nematodes, ease of rearing, widespread availability, and capacity to 

produce high yields (Woodring and Kaya, 1988). A White trap (White 1927), used in in vivo 

production, makes use of the juvenile stage's natural migration away from the host-cadaver. 

However, this technology may only be suitable for small markets or laboratory investigations, as 

it is not cost-effective for productions that are scaled up (Shapiro-Ilan et al., 2002). However, the 

same can be done with Corcyra cephalonica. The process of further multiplication is similar: 

1) Put a Whatman filter in a petridish, then uniformly distribute 1 ml of IJ solution on filter paper 

at a concentration of 1000–2000 nematodes per ml. 

2) Add 5–10 wax moth larvae in their last instar (providing 100-200 IJs per larva). 

3) Cover, label, and keep plastic container at room temperature in a dark place. 

4) Remove any corpses showing signs of infection after three to five days. To collect IJs, enter a 

white trap. 

In vitro production: 

The biology and behaviour of the nematode species being produced must be thoroughly 

understood in order to develop in vitro entomopathogenic worms. Entomopathogenic nematodes 

are cultured in vitro by exposing them to a pure culture of their symbiont in a nutritive media. To 

create huge amounts of entomopathogenic nematodes for commercial usage, significant 

advancements in in vitro culture using large fermenters are used. The dauer juvenile (DJ), a 

morphologically unique juvenile developed in response to diminished food supply and 

unfavourable environmental conditions, is the only stage that may be used economically. 

Entomopathogenic nematodes are cultured in vitro by exposing them to a pure culture of their 

symbiont in a nutritive media. The first large-scale in vitro soild medium manufacturing has 

evolved into the mass production of entomopathogenic nematodes. (Glaser and others, 1940) 

Currently, liquid-fermentation or Bedding's (1981 and 1984) solid-media technique are used to 

grow commercial nematodes monoxenically. The solid media technique has been successful in 

producing pathogenic steinernematids and heterorhabditids, but the main drawback is the high 

labour expense. (1990, Bedding). For a number of steinernematid species, the liquid-

fermentation mechanism is extremely effective, but not for heterorhabditids (Gaugler and 

Georgis, 1991). The stabilisation of nematodes as a product has benefited in the marketing of 

biological control therapies. Active nematodes need to be immobilised in order to prevent the 

loss of lipid and glycogen stores. Nematode storage and application have been made simpler by 

the development of activated charcoal, alginate and polyacrylamide gels, baits, clay, paste, peat, 

polyurethane sponge, vermiculite, and water-dispersible granules. Depending on the formulation 

and nematode species, effective storage under refrigeration could take one to seven months. 



Frontiers in Life Science Volume VIII 

  (ISBN: 978-93-91768-15-7) 

93 
 

Although some warm-adapted species, like H. indica and S. riobrave, do not keep well below 

100°C, low temperatures (2–50°C) reduce metabolic activity and hence lengthen shelf life. 

Grewal (2002) and Strauch et al., (2000). 

 

 

In Vivo production 

Commercial availability: 

Suspension method of storage for lab use with a density of 10,000 IJs per ml, which is 

aerated three times per week with an aquarium pump and has a weekly water change. It can be 

kept in talc-based formulations, sponge formulations, and sodium gel alginate capsules. At least 

twelve species of the over eighty steinernematid and heterorhabditid nematodes that have been 

discovered so far have found economic success. (Siddiqui and others, 2010) These EPNs work 

well against sugarcane root grubs, cutworms, pod borers, and DBM. The general rule-of-thumb 
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for most soil invertebrates is one billion nematodes per acre (250,000 per m2) (greenhouse soils 

tend to be treated at higher rates). 
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Abstract:  

Plant parasitic nematodes are usually found at their feeding sites. Almost all these worms 

spend at least one stage of their life cycle in soil; they can be collected from the rhizosphere. The 

time of sampling is very important and depends upon the nematode and plant species. For routine 

survey it is preferred to collect samples when crop is at flowering stage. Sites for sampling 

depend upon the objectives of the study. If the nemic fauna of diseased or poorly growing crop is 

to be compared, paired samples (one from healthy and the other from diseased plants) are 

collected. During routine surveys samples are collected from both sides of row of plants in case 

of annuals and all along but within the area of drip line, in case of perennials. 

Introduction: 

The easiest way to isolate nematodes from their host material is by submerging the 

sample in water and select the nematodes under a microscope. However, this is a tedious and 

laborious job and it can only be done with very small samples. For that reason most of the 

extraction methods are indirect, making use of a number of properties to separate nematodes 

from the surrounding medium: a) Weight and rate of settling: In water, nematodes are separated 

from particles that settle faster and can subsequently be poured off (decanted). This principle is 

the basis of a number of applications, such as the use of an undercurrent that keeps nematodes 

afloat while other particles settle (elutriation) and use of a liquid with higher specific gravity than 

nematodes, which keeps them afloat while other particles (with a higher specific gravity than the 

liquid) sink to the bottom. This is applied in centrifuge floatation techniques. Dried cysts contain 

air bubbles, making them to float on the water surface, which separates them from sinking 

particles. b) Size and shape: Because of their size and elongated shape, nematodes can be 

separated from other (soil) particles by using a set of sieves with different mesh size. c) Mobility: 

Because of their mobility, living nematodes can be separated from other particles. When a 

sample is placed on a sieve with a moist filter paper, positioned in an shallow water-filled tray, 



Frontiers in Life Science Volume VIII 

  (ISBN: 978-93-91768-15-7) 

97 
 

nematodes will crawl from the sample into the water where they can be collected as a clear 

suspension. Many extraction methods are based on a combination of these principles 

Extraction from plant material 

Nematodes are present in many types of plant material. Plant parasites are not only found 

in roots but also in tubers, bulbs, stems, leaves, and seeds. Substrates such as litter, moss, or 

compost also often contain high numbers of non-parasitic (saprophagous) nematodes. Extraction 

methods for plant material are usually based on nematode mobility. These methods vary 

depending on whether or not the samples have been cut in smaller pieces to speed up crawling 

out of nematodes. The blender centrifugal flotation method is the only method, apart from 

picking nematodes under a microscope, which does not make use of nematode mobility, making 

it suitable for the extraction of swollen endo-parasitic stages and eggs. 

Extraction from soil and other substrates 

Extraction methods for soil are also frequently used for sediments, rock wool, manure, 

and other substrates which may harbour nematodes and can be washed into suspension. Most 

methods use a combination of different principles. There are major differences in terms of 

extraction efficiency, size of the sample that can be handled, and costs. The centrifugal flotation 

method is the only method, apart from picking nematodes under a microscope that allows 

isolation of active as well as slow-moving and inactive nematodes.  

Different extration methods: 

Extracti-on 

method 

Principle 

(*) 

Maximu

m sample 

size (g) 

Extractio

n 

efficiency 

Cost of 

equipme

-nt 

Labo

ur 

cost 

Water 

consumptio

n 

(for plants)       

Dissection mb 5 - - - - 

Baermann funnel mb 20 + + + + 

Funnel spray 

apparatus 
mb, rs 50 +++ ++ + +++ 

Blender filter 

method 
mb 50 +++ ++ ++ + 

Blender 

centrifugal 

flotation 

method 

sg 50 +++ +++ +++ + 

(for soil etc.)       

Nematode 

filter method 
rs, mb 50 + + + + 
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Cobb’s method rs, ss, mb 100 +++ ++ +++ + 

Erlenmeyer method rs, ss, mb 100 ++ + +++ + 

Oostenbrink 

elutriator 
rs, ss, mb 250 +++ +++ ++ ++ 

Centrifugal 

flotation method 

without pre- 

extraction 

 

sg 

 

50 

 

+ 

 

+++ 

 

++ 

 

+ 

Centrifugal 

flotation method 

with pre- 

extraction 

 

rs, (ss), sg 

 

250 

 

+++ 

 

+++ 

 

+++ 

 

+/++ 

(*):mb: mobility (nematode filters, Baermann versions):  rate of settling (decanting, elutriation) 

da: dry cysts float because of air bubble ;   ss: size and shape (sieve) 

sg: specific gravity (flotation methods, Schuiling centrifuge) 

- Not relevant (or very small/low);  + Small (low); +++ Big (high) 

 

Isolaton of nematodes from soil and plant parts and their estimation:  

1. Isolation and collection of Nematodes from soil 

Objectives 

1. To isolate and collect active nematodes 

2. To isolate and collect cysts of Heterodera and Globodera species 

3. To isolate and collect sessile and slow moving or moulting nematodes 

Methodology 

A. Isolation and collection of active nematodes and cysts: 

1. Take a 500 ml soil sample and divide it in two equal subsamples A' and `B'. 

2. Put subsample 'A' in pan I; slowly fill the pan with water thoroughly mixing soil and water, 

breaking all lumps. Allow to settle for 15 seconds.  

3. Pour the contents through a 20-mesh sieve into another pan II.  

4. Collect the roots present on 20-mesh sieve in a beaker; discard the debris.  

5. Pass the contents of pan II through a 60-mesh sieve into another pan III. Collect the catch on 

60-mesh sieve in a 250 ml beaker by rinsing the sieve with water. Examine the catch for the 

presence of cysts of Heterodera, Globodera and other large sized active worms like 

Longidorus, Xiphinema, etc. 

6. Pour the contents of pan III through a 300-mesh sieve. Collect the catch on sieve by rinsing 

with water in a 250 ml beaker. 
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7. Process subsample 'B' as above but delete step 5 to recover large-sized nematodes. Mix the 

catch collected on 300-mesh sieve now with the previous one. 

8. Process the contents by Modified Baermann Funnel Techni que- Place a facial tissue paper on 

a moulded coarse alumini um mesh. Wet the tissue paper and transfer catch on 300 mesh 

sieve on to it. Put the aluminium mesh over a Petri plate containing water water should always 

touch the contents of mesh. Leave it undisturbed for 24 hours. 

9. Examine the contents of Petri plate under stereo-microscope for active nematodes. 

 

Nematode extraction from the soil 

B. Isolation and collection of sessile, slow moving or moulting nematodes (Centrifugal 

sugar flotation technique): 

1. Wash the contents of aluminium mesh into a 250 ml beaker. 

2. Centrifuge the contents of the beaker at 1200 rpm for three minutes. 

3. Decant water from centrifuge tubes. 

4. Refill the centrifuge tubes with sucrose solution of 1.14 specific gravity (484 g sucrose in 1 

litre of water) and centrifuge again at 1200 rpm for three minutes.  

5. Pass the supernatant of tubes through a 300-mesh sieve.Wash the catch on the sieve with water 

and collect it in a beaker. 

6. Examine the contents under stereo-microscope for sessile or slow moving (e.g. Criconema, 

Hemicriconemoides, Ogma etc.) or moulting stages of nematodes. 

 

Centrifugal floatation technique 
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2. Isolation and collection of nematodes from plant parts: 

Objectives 

1. To collect migratory endoparasitic worm from roots. 

2. To collect semiendo- and endoparasitic nematodes. 

Methodology: 

A. Isolation and collection of migratory endoparasitic nematodes 

A 1. From soft plant parts 

 Soak tender plant parts like stem, leaves, galls or thin roots in water for one or two hours. 

Tear the tissue apart using needles, Observe directly under a stereo microscope or proceed as at 

step A8. Aphelenchoides besseyi, Anguina tritici etc. are collected using this technique. 

A2. From harder plant parts 

1. Blend these plant parts (e.g. roots of perennial plants, cotton, etc.) in a mixer for 20 seconds. 

Wash the material on to a 300 mesh sieve with gentle stream of water. Collect the washing in 

to a beaker. Observe directly the contents under a stereo microscope or proceed as follows:  

2. Transfer the contents as collected above on a moulded aluminium mesh lined with wet tissue 

paper. Put it over a Petri plate containing water. Observe the contents of petri plate after 24 

hours.  

B. Isolation and collection of sedentary endo- and semiendoparasitic forms  

 Such forms are collected after staining the roots in acid fuchsin lactophenol as below 

1. Wash the roots in water to remove adhering soil particles etc. 

2. Cut small pieces of roots in water (2-5 cm). 

3. Transfer root pieces to 0.1% acid fuchsin lactophenol (lactophenol Lactic acid 1 part + 

Glycerine 2 parts + Phenol = 1 part + water 1 part). Boil for two minutes. Cool and transfer 

the roots to pure lactophenol.  

4. Locate the nematodes under a stereo- microscope. Using dissecting needles hold plant tissues 

apart and dissect out nematodes. Collect nematodes in pure lactophenol in a dish. 

3. Counting nematode population in suspension  

Objective: To estimate the numbers of nematodes in a given suspension. 

Methodology 

A. Direct counting  

 If the numbers of nematodes in suspension are less, these can be counted directly as 

given below. 

1. Transfer the nematode suspension in a counting dish. 

2. Keep the counting dish under a stereo-microscope and allow the nematodes to settle for a few 

seconds. 
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3. Adjust the magnification of stereo-microscope so that one complete square of counting dish is 

visible.  

4. Start counting nematodes from first square and move to the next square till nematodes in all 

the squares have been counted. 

B. Dilution method : 

  When nematode population is very high, the suspension is diluted to a known volume and 

nematodes are counted in a representative sample as follows. 

1. Take the nematode suspension in a beaker and make the volume to 100 ml with water. 

2. Bubble the diluted suspension vigorously with a pipette.  

3. Take 5 ml of this suspension in a counting dish and count the nematodes as described above. 

4. Take three counts and calculate the average number of nematodes per ml. 
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Abstract:  

Enzymes are biocatalysts that catalyse numerous chemical reactions. The current needs 

of the world's biotechnological industries are increased enzyme productivity and the 

development of novel techniques to extend their shelf life. These requirements are unavoidable 

to facilitate large-scale and cost-effective formulation. Enzyme immobilization is a technique 

that involves attaching an enzyme to support (most recently, nanostructures) while retaining its 

catalytic activity. Enzyme immobilization provides an excellent foundation for increasing 

enzyme availability to the substrate with greater turnover over a long period. Several natural and 

synthetic supports have been evaluated for their ability to immobilize enzymes. More 

importantly, the heterogeneity of immobilized enzyme systems enables easy recovery of both 

enzymes and products, multiple re-uses of enzymes, continuous operation of enzymatic 

processes, rapid reaction termination, and a wider range of bioreactor designs. Immobilized 

enzymes have demonstrated greater stability, high activity, and resistance to adverse conditions. 

This technology also prevents enzyme loss in the reaction medium. Immobilized enzymes have a 

wide range of applications, including in the food and textile industries, medicine, biodiesel 

production, and other industrial sectors. This technique has also been used in the treatment of 

several diseases as well as in bioremediation programs to remove toxic pollutants from the 

environment. The scientific community is currently focusing on the potential of multi-enzyme 

immobilized systems as a tool for catalysing multi-step reactions to improve industrial yields.  

Keywords: Enzymes, Enzyme immobilization, Techniques, Applications. 

Structure of enzyme:  

Enzymes are always used as catalysts in small amounts in comparison to their substrate. 

They are essential for increasing the rate of chemical reactions while causing no overall change 

in the enzymes. An enzyme, unlike all or any true catalysts, does not change the ultimate 

equilibrium position of a reaction, which is thermodynamically determined but rather increases 

the rate of completion of equilibrium of a possible reaction. Enzymes exhibit physicochemical 

properties of proteins, such as electrophoretic properties, chemical reactivity, electrolytic 

behaviors, and solubility, in addition to catalytic properties. The components of enzymes are 

mailto:bharti.mul@gmail.com
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shown in Figure 1. In contrast to traditional chemical catalysts, such as hydrogen ions, heavy 

metals, or metal oxides, which are most effective at very high temperatures or extreme pH scale 

values in organic solvents, enzymes work most efficiently under very gentle conditions. Certain 

issues must be addressed when using enzymes, such as deviation from homogenized liquid 

solutions, physiological pH scale, and temperature, which can quickly destroy enzyme activity. 

However, under normal conditions, the increase in reaction rate is rarely matched by their non-

protein counterparts (Bhatia, 2018)  

 

Figure 1: Principle components of the enzyme (Source: - Bhatia, 2018) 

Structural features:   

i) Primary Structure  

The primary structure is the unique formation and order in which the amino acids (the 

building blocks) combine and link to give us a protein molecule. Protein gets all its properties 

from its primary structure.  

ii) Secondary Structure  

The peptide backbone of the protein structure will fold onto itself, to give proteins their 

unique shape. This folding of the polypeptide chains happens due to the interaction between the 

carboxyl groups along with the amine groups of the peptide chains.  

There are two kinds of shapes formed in the secondary structure. These are  

 α-helix: The backbone follows a helical structure. The hydrogen bonds with the oxygen 

between the different layers of the helix, giving it this helical structure.  

 β-pleated sheet: The polypeptide chains are stacked next to each other and their outer 

hydrogen molecules form intramolecular bonds to give it this sheet-like structure.  

iii) Tertiary Structure  

This structure gives protein the 3-D shape and formation. After the amino acids form 

bonds (secondary structure) and shapes like helices and sheets, the structure can coil or fold at 

random. This is called the tertiary structure of proteins.  
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Figure 2: Structural features of enzyme (Source: - “Structure of proteins”, n.d.) 

 

iv) Quaternary structure  

The spatial arrangement of two or more peptide chains leads to this structure. Proteins 

don’t need to have quaternary structures (Structure of proteins, n.d.)  

Enzyme immobilization  

Enzymes or biocatalysts are increasingly being used in medicine for the development of 

new drugs and the detection of diseases, as well as in industries such as cheese production, sugar 

and syrup production, meat tenderizer, food additive, fat and oil industry, textile industry, 

detergent industry, and so on. When compared to traditional chemical synthesis, the biochemical 

basis results in better production due to much higher efficiency and far fewer harmful 

contaminants. However, because enzymes are biomolecules that catalyze reactions under optimal 

cellular conditions, they frequently exhibit unfavorable properties. These include being 

susceptible to protease degradation, thermal instability, and activity inhibition. Enzymes are also 

very expensive, and the loss of enzymes during the purification step in industries results in a 

significant increase in capital investments. Enzyme immobilization promisingly counteracts 

these drawbacks (Krishnamoorthi et al., 2015).  

Enzymes or whole cells can be immobilized as biocatalysts. Enzyme immobilization is 

the confinement of an enzyme to a phase (matrix/support) different from that of substrates and 

products (Datta et al., 2013). Enzymes immobilized mimic their natural mode in living cells, 

where the majority of them are attached to the cytoskeleton, membrane, and organelle structures. 

The solid support systems, in general, stabilize the structure of the enzymes and, as a result, keep 

them active. Immobilized enzymes are thus more robust and resistant to environmental changes 

than free enzymes in solution. Immobilized enzymes are also more stable and easier to work 

with. Furthermore, the reaction products are not contaminated with the enzyme (particularly 
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useful in the food and pharmaceutical industries), and in the case of proteases, the rate of 

autolysis can be dramatically reduced upon immobilization (Homaei et al., 2013).  

These modifications are the result of structural changes introduced into the enzyme 

molecule by the immobilization procedure used, as well as the creation of a microenvironment in 

which the enzyme works that differ from the bulk solution. As a result, the product would be 

pure, uncontaminated by other environmental ingredients, and easily isolated from the solution. 

The attached enzyme is then ready for the subsequent reactions, eliminating the need for 

repeated, time-consuming, and expensive extraction and purification procedures. A variety of 

methods can be used to immobilize enzymes (Homaei et al., 2013).  

Methods of enzyme immobilization  

Methods of Irreversible Enzyme Immobilization  

In irreversible enzyme immobilization, the biocatalyst bound to the support cannot be 

detached without affecting either the biological activity of the enzyme or the support. The most 

widely used methods of irreversible enzyme immobilization include covalent linking, 

entrapment or micro-encapsulation, and cross-linking.  

a) Covalent binding  

It is the most widely used technique for immobilizing enzymes. In this method, covalent 

bonds are formed between the chemical groups present in the enzyme and the chemical groups 

present in the support. This technique results in the formation of a stable bond between the 

enzyme and the matrix, preventing protein detachment from the support during use. The covalent 

bonding of biocatalysts to the matrix is caused by side-chain amino acids such as aspartic acid, 

arginine, and histidine, and the degree of reactivity is determined by functional groups such as 

imidazole, indolyl, phenolic, and hydroxyl. This method is employed when the complete absence 

of an enzyme in the product is desired. However, this technique causes the chemical 

modification of enzymes, resulting in the loss of enzyme activity (Bashir et al., 2020).  

b) Cross-linking  

The cross-linking method uses bi- or multifunctional reagents to form covalent bonds 

between the enzyme and active molecules. Copolymerization is another name for this process. 

Enzymes are linked together using bi- or multifunctional reagents (e.g., glutardialdehyde, 

glutaraldehyde, glyoxal, diisocyanates, hexamethylene diisocyanate, toluene diisocyanate, etc). 

Cross-linking is accomplished using two methods: I Cross-Linking Enzyme Aggregate (CLEA) 

and (ii) Cross-Linking Enzyme Crystals (CLEC). Both CLEA and CLEC are variations of a 

basic method that employed cross-linking agents such as glutaraldehyde (which reacts with the 

amino group on the protein). The CLEC or CLEA are added to the reaction mixture and can then 

be removed during product purification. As a result, unlike other enzyme immobilization 

systems, the immobilized enzyme is not bound to any matrix and is present in the reaction 
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mixture, albeit in an immobilized form. This technique is inexpensive and simple, but it cannot 

be used with pure enzymes. The main disadvantage of this method is that the polyfunctional 

reagents used to cross-link the enzyme may denature or structurally modify it, resulting in the 

loss of catalytic properties (Bashir et al., 2020; Krishnamoorthi et al., 2015).  

c) Physical entrapment  

Enzymes are occluded in synthetic or natural polymeric networks; it is a permeable 

membrane that allows substrates and products to pass through while retaining the enzyme within 

the network; entrapment can be accomplished through the gel, and fiber entrapment, and 

microencapsulation. The advantage of entrapment of enzyme immobilization is that the reaction 

process is quick, cheap, and requires only mild conditions. The disadvantage is the mass transfer 

limitation. The enzymes are protected by the support matrix from microbial contamination, 

proteins, and enzymes in the microenvironment. The enzyme molecules are encapsulated within 

spherical semipermeable membranes with selective controlled permeability in the 

microencapsulation method. The polymeric material and the enzyme have a large surface area in 

this method. The disadvantage of this method is that the enzyme is inactivated during 

encapsulation (Hemalatha et al., 2016).  

d) Encapsulation  

Encapsulation is a type of entrapment in which the enzyme is immobilized by entrapping 

it in a spherical semi-permeable membrane. Encapsulation within a membrane keeps the enzyme 

structure intact and prevents leakage, protecting it from the harsh conditions of the medium. 

Encapsulating more than one enzyme within a membrane can also result in multi-enzyme 

encapsulations (Krishnamoorthi et al., 2015).  

Methods of Reversible Enzyme Immobilization  

a) Adsorption  

The materials used for adsorption are activated charcoal, Alumina, and Ion exchange resins 

(Bashir et al., 2020). This method is inexpensive and simple to use, but the disadvantage is the 

weak binding force between the carrier and the enzyme. This method is classified as carrier 

bound immobilization, and the immobilization process is reversible. Adsorption is the most basic 

and oldest method of immobilization. The interaction of the enzyme with the matrix surface via 

weak forces such as salt linkage, hydrogen bonds, hydrophobic bonds, ionic bonds, and van der 

Waals forces. The strongly bound, but non-distorted enzyme will be formed based on the matrix 

charges and protein arrangements (Hemalatha et al., 2016). This method is cheap, easy to 

perform, and allows easy recovery of the enzyme from the carrier, thus allowing re-use of both. 

So, it requires very little activation and no reagents (Krishnamoorthi et al., 2015).  
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b) Chelation  

Another common type of reversible enzyme immobilization is chelation or metal binding, 

which is mostly used as a chromatographic method. This method is less popular in industries 

because it is relatively expensive and involves safety concerns. The binding reversal allows for 

easy regeneration of the support with no discernible effect on yield. The main advantage of this 

method over other reversible enzyme immobilization methods is that the binding is relatively 

strong, allowing enzyme leakage to be minimized to the greatest extent possible. A variety of 

chelating anions can be provisionally attached to the matrix, followed by metastable attachment 

of the enzyme to the support (Krishnamoorthi et al., 2015).  

c) Ionic Binding  

Ionic binding immobilization is primarily based on the ionic binding of enzyme 

molecules or active molecules to solid supports containing ionic charges. The primary distinction 

between ionic bonding and physical adsorption is the strength of the interaction, which is much 

stronger for ionic bonding but much weaker for covalent bonding. By changing the temperature 

polarity and ionic strength conditions, the nature of this non-covalent immobilization process 

will be reversed (Bashir et al., 2020).  

d) Immobilization via disulfide linkages  

This method involves the formation of disulfide (-S-S-) bonds with support. Under mild 

conditions, enzymes with exposed nonessential thiol (SH) groups can be immobilized onto thiol-

reactive supports containing reactive disulfides or disulphide oxides. The main advantage of this 

method is that the bonds formed between the activated solid phase and the thiol-enzyme are 

reversible, allowing the bound protein to be released with an excess of a low molecular-weight 

thiol. The ability to reuse the polymeric support after enzyme inactivation may be of interest for 

the practical use of immobilized enzymes in large-scale industrial processes, where their use has 

frequently been hampered by the high cost of the support material (Bashir et al., 2020).  

e) Affinity Binding  

Specific interactions result in the immobilization of enzyme-linked to the matrix. In 

affinity immobilization, the two methods are used. The first method is to activate the support 

material containing the coupled affinity ligand, allowing the enzyme to be added. The enzyme is 

not subjected to any harsh chemical conditions in this method. The second method involves 

the modification of an enzyme to another molecule that can bind to a matrix (Hemalatha et al., 

2016).  

Materials used for the fabrication of immobilization supports  

i) Alginate  

Alginate is a calcium, magnesium, and sodium salt of alginic acid derived from brown 

algae cell walls that have been widely used for immobilization as xanthan-alginate beads, lginate 
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polyacrylamide gels, and calcium alginate beads with enhanced enzyme activity and reusability. 

The cross-linking of alginate with divalent ions (such as Ca2+) and glutaraldehyde improves 

enzyme stability.  

ii) Collagen  

Collagen, as a natural polymer, has been used to immobilize tannase using glutaraldehyde 

as a cross-linking agent. By retaining significant activity even after 26 reuses, Fe3+-collagen 

fibers proved to be an excellent supporting matrix for catalase immobilization (Datta et al., 

2013).  

iii) Cellulose  

This naturally occurring polymer has been widely used to immobilize fungi laccase, 

penicillin G acylase, glucoamylase, a-amylase, tyrosinase, lipase, and b-galactosidase. The 

storage capacity of cellulosic supports modified with diethyl aminoethyl (DEAE) is increased. 

Attaching a-amylase to cellulose dialdehyde coated magnetite nanoparticles resulted in the 

formation of a novel starch degrading system. The use of an ionic liquid cellulose film activated 

by glutaraldehyde improved formability and flexibility. 

iv) Starch  

Starch, which is composed of linear amylase and branched amylopectin units, has been 

used as an enzyme immobilizer. Surface immobilization and entrapment of bitter gourd 

peroxidase were achieved using calcium alginate-starch hybrid supports. Because of internal 

carbohydrate moieties, the entrapped enzyme was more stable in the presence of denaturants like 

urea, whereas the surface-immobilized enzyme had superior activity. Among the widely used 

industrial techniques for a high product, yield is radiation grafting of substances such as 

acrylamide and dimethylamino ethyl methacrylate onto starch (Datta et al., 2013).  

Enzyme Immobilization and Nanotechnology  

Nanotechnology appears to be providing better and more efficient support for the 

development of nanostructures such as nanofibers, carbon nanotubes, and gold nanoparticles. 

They have a large surface area for enzyme binding, which results in a net increase in enzyme 

loading and enzymatic activity per unit volume. The enzymes are captured by a process known 

as nano-entrapment, which results in discrete nanoparticles. Because of their porosity and high 

surface area, nanostructures could be used as carriers more frequently. While enzymes bound to 

nanostructures via adsorption exhibit some leaking, those bound via covalent linkage exhibit 

almost no leaking (Krishnamoorthi et al., 2015).  

Multi-Enzyme Immobilization  

Cells are complex machines that require numerous enzymes to function properly. 

Multiple enzymes work together in a cascade to carry out a series of complex reactions in all 

living cells. However, most attempts to use more than one enzyme in a bioreactor fail due to the 
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enzymes' sensitivity as well as cross-reactions. Enzyme immobilization promises to solve the 

problem and deliver multi-enzyme immobilized systems, primarily through the encapsulation 

technique. The enzymes' activity may be retained, and their active sites may be close to each 

other. This may enable a mechanism similar to substrate channeling without intermediate 

diffusion. However, multi-enzyme immobilized systems face several difficulties. The enzymes 

should be spatially separated enough to prevent steric hindrance between enzyme subunits, 

which would distort their structure, but close enough to ensure maximum activity. The support 

should be designed in such a way that it allows for maximum enzyme loading while also 

ensuring maximum enzyme activity. A biosynthetic approach that co-localizes the two enzymes 

on nanocarriers to mimic multi-enzyme complex systems found in nature has the potential to 

significantly increase product yield. Various polymeric nanocarriers are being studied as 

supports for multi-enzyme systems (Krishnamoorthi et al., 2015).  

Applications of Immobilized Enzymes  

Biomedical Application:  

Since 1990, immobilized enzymes have been used in medicine. Immobilized enzymes are 

used in the medical field for disease diagnosis and treatment. The inborn metabolic deficiency 

can be overcome by replacing waste metabolites with encapsulated enzymes (i.e., enzymes 

encapsulated by erythrocytes), the RBC acts as a carrier for exogenous enzyme drugs, and the 

enzymes are biocompatible, and so there is no immune response. Enzyme encapsulation via 

electroporation is the simplest method of immobilization in the biomedical field, and it is a 

reversible process that allows enzyme regeneration. When enzymes are combined with 

biomaterials, biological and functional systems are created (Hemalatha et al., 2016).  

Biodiesel Production:  

Biodiesel is a long-chain fatty acid monoalkyl ester. Triglycerides (vegetable oil, animal 

fat) are esterified with alcohol (methanol, ethanol) in the presence of a catalyst to produce 

biodiesel. High energy requirements, glycerol recovery, and side reactions that may affect 

pollution are all disadvantages of catalyst production. As a result, the biological production of 

liquid fuel with lipases is becoming increasingly popular, with rapid progress. Lipase catalyzes 

the reaction with less energy and under mild conditions. However, lipase production is 

expensive, so lipase is immobilized, resulting in repeated use and stability. Lipase 

immobilization methods include entrapment, encapsulation, cross-linking, adsorption, and 

covalent bonding. When compared to covalent bonds, entrapment, and cross-linking, the 

adsorption method of immobilization has gained popularity in recent years. Methanol inactivates 

the lipase in the biological production of biodiesel, so the immobilization method is 

advantageous for biodiesel production. The low cost of lipase, candida sp. as the source, makes it 

more industrially useful (Hemalatha et al., 2016).  
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Textile Industry:  

In the textile industry, enzymes with microbial origins are of great interest. Enzymes such 

as cellulase, amylase, laccase, pectinase, cutinase, and others are used in a variety of textile 

applications including scouring, bio polishing, desizing, denim finishing, and wool treatment. 

Cellulase is one of these enzymes that has been widely used from ancient times to the present. 

The textile industries are now using enzyme processes instead of harsh chemicals that pollute the 

environment and damage the fabrics. Fabric enzyme processing necessitates high temperatures 

and increased pH; free enzymes cannot withstand these extreme conditions. As a result, enzyme 

immobilization for this process can withstand extreme temperatures and maintain activity for 

more than 5-6 cycles. PolyMethyl Methacrylate is covalently linked to cellulose. The 

nanoparticle is created using cellulase as the core particle in this method. Endoglucanase is an 

enzyme that is part of the Cellulase enzyme. Endoglucanase is microencapsulated with Arabic 

Gum, a biodegradable natural polymer used as a matrix for endoglucanase encapsulation. 

Endoglucanase encapsulation prevents it from retaining activity in the presence of detergents 

(Hemalatha et al., 2016).  

Cocoa Industry  

Cocoa butterfat is a valuable product with desirable properties like melting point, snap, 

and gloss. It also gives the chocolate a cooling sensation and smoothness. Palm oil, a cheaper 

substitute for cocoa butter, has a melting point of 23 degrees Celsius, is liquid at room 

temperature, and is a low-value product. Transesterification reactions use lipases to convert palm 

oil into a cocoa butter substitute. Transesterification allows for the modification of less 

expensive fats such as shea butter, salt fat, and palm oil, resulting in low-cost substitutes for 

cocoa butter (Mandake et al., 2020).  

Immobilized Enzyme Technology for food Application  

Even though immobilized enzymes were first introduced in the 1970s, there are currently 

very few examples of commercial food processing operations that use them (Chaudhary et al., 

2015). Immobilized enzymes are enzymes that have been confined or localized so that they can 

be reused indefinitely. A free enzyme, cell, or organelle can be immobilized. Immobilized 

enzymes have several advantages over simple enzymes, including the ability to be confined to a 

specific location, predetermined space, etc., and the ability to be used repeatedly and 

continuously. As carrier matrices, inert polymers and inorganic materials are commonly used. 

The interaction between the enzyme and the carrier imparts specific chemical, biochemical, 

mechanical, and kinetic properties to the immobilized enzyme. Carriers are classified based on 

their morphology or chemical composition. Large surface area and high permeability; sufficient 

functional groups for enzyme attachment under non denaturing conditions; hydrophilic 

character; water insolubility; chemical and thermal stability; mechanical strength; high rigidity 
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and suitable particle form; resistance to microbial attack; renewability; toxicological safety; and 

low or justifiable price are all desirable properties for support. Biopolymer and inorganic 

polymer are two examples of support materials (Bashir et al., 2020; Mandake et al., 2020).  

Conclusion:  

The enzymes' specificity, as well as their ability to catalyse reactions under mild 

conditions, make them extremely valuable. Immobilized enzymes frequently exhibit remarkable 

stability, high levels of activity, and significantly lower product processing costs. The 

technology of immobilized enzymes is still in its early stages of development. The ever-

expanding range of applications for immobilized enzymes reflects evolution. Maturation is 

reflected in the evolution of the theory of how immobilized enzymes function and how the 

immobilization technique is related to their primary structure via the formation and configuration 

of their three-dimensional structure. One of the more promising fields attempting to provide an 

efficient substrate is nanotechnology. Identification of effective immobilization techniques on 

appropriate supports could provide answers to several pressing questions that face industrial 

development and human welfare, such as lowering food costs, developing more efficient disease 

detection kits, developing strategies to clean up contaminated water bodies, and even finding a 

way to cure/control cancer. As a result, the possibilities, opportunities, and prospects in the field 

of enzyme immobilization are limitless.  
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Abstract: 

Diphtheria is a contamination brought about by the bacterium Corynebacterium 

diphtheria. Most diseases are asymptomatic or have a gentle clinical course, however in certain 

flare-ups over 10% of those determined to have the illness may die. Signs and side effects might 

differ from gentle to sever, and as a rule start two to five days after exposure Symptoms 

frequently come on reasonably slowly, starting with a sensitive throat and fever. In serious cases, 

a dim or white fix creates in the throat. This can hinder the aviation route and make a yelping 

hack as in croup. The neck might grow to some degree because of expanded lymph hubs. A type 

of diphtheria which includes the skin, eyes or private parts likewise exists. Confusions might 

incorporate myocarditis, aggravation of nerves, kidney issues, and draining issues because of low 

degrees of platelets Myocarditis might bring about a strange pulse and irritation of the nerves 

might bring about loss of motion. 

Keywords: Infection, clinical course, fever, lymph hubs 

Introduction: 

Diphtheria is an exceptionally infectious bacterial disease that happens because of 

variations of Corynebacterium diphtheriae (C. diphtheriae). It normally affects the respiratory 

framework or the integumentary framework. The integumentary framework the three layers of 

the skin — the hypodermis, dermis, and epidermis — and the organs, nails, and hair. Symptoms 

normally incorporate a thick, dim covering in the nose and throat alongside an irritated throat, 

enlarged organs, shortcoming, and gentle fever. Assuming that the condition influences the skin, 

ulcers and open wounds can show up. 

As per a 2019 articleTrusted Source, a few variations of this bacterium produce a poison 

called an exotoxin. This causes the most serious complexities related with diphtheria. The poison 

hinders the development of proteins and prompts cell and tissue passing. 

Assuming the poison enters the circulation system, it can harm the kidneys, heart, and 

nerves. An individual can foster myocarditis, which is the irritation of the heart muscles, and 

neuropathy. Neuropathy is nerve harm that can bring about deadness, muscle shortcoming, 
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agony, and shivering sensations. Other variations of C. diphtheriae don't deliver the poison. This 

outcomes in less severe Trusted Source illness, normally causing an irritated throat and, in 

uncommon cases, pharyngitis. 

At times, variations can likewise bring about bacteremia and endocarditis. Bacteremia is 

the presence of microorganisms in the blood. Endocarditis is the irritation, and in some cases the 

disease, of the internal covering of the heart chambers and valves. 

Routine vaccination in the U.S. what's more, different areas of the planet has 

fundamentally reduced Trusted Source the gamble of diphtheria openness in the U.S. 

Reasons for diphtheria 

Diphtheria is an irresistible infection that happens because of C. diphtheria. It is the 

poison this bacterium delivers that causes Trusted Source individuals to turn out to be very ill. 

An individual can contract diphtheria from direct actual contact with: 

 Respiratory beads from hacking or sniffling 

 Discharges from the nose and throat, like bodily fluid and spit 

 Tainted skin injuries 

The contamination can communicate from an individual with the disease to any mucous 

layer in someone else. 

Side effects of diphtheria 

Explicit signs and side effects of diphtheria rely upon the specific variation of 

microscopic organisms included and the piece of the body impacted. Diphtheria can influence 

the respiratory framework or cause a skin contamination. 

As indicated by the CDC Trusted Source, on the off chance that it has impacted the skin, 

an individual can foster open wounds and ulcers. This seldom results in extreme disease.The 

hatching period is commonly 2-5 days, however can take up to 10 days.Respiratory diphtheria 

can grow continuously, coming about in: 

 Trouble gulping 

 Sore throat 

 Shortcoming 

 Enlarged organs in the neck 

 Gentle fever 

 Craving misfortune 

 Dryness, assuming the infection has impacted the larynx 
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Following 2-3 days, the delivered poison dispenses with the solid tissue in an individual's 

respiratory framework. This outcomes in a thick, dark covering that creates in the nose or throat. 

Specialists allude to this covering as a pseudomembrane.If the film reaches out to the larynx, 

roughness and a yapping hack become more probable, as does the risk of complete hindrance of 

the aviation route. The film may likewise expand farther down the respiratory framework toward 

the lungs. 

Inconveniences of diphtheria 

Possibly hazardous confusions can happen on the off chance that the poison enters the 

circulatory system and harms other crucial tissues.Some potential entanglements includeTrusted 

Source: 

 Myocarditis 

 Neuritis 

 Aviation route blockage 

 Kidney disappointment 

 Loss of motion 

Now and again, diphtheria can be deadly. Generally, 5-10%Trusted Source of individuals 

who contract the contamination will kick the bucket. 

Analysis for diphtheria 

In the event that a specialist suspects diphtheria, they can arrange a test to affirm the 

finding. Tests include cleaning the rear of the throat or a ulcer on the skin and afterward 

endeavoring to grow a culture.Often, they can determineTrusted Source in the event that the 

individual has diphtheria through looking at signs and symptoms.Since bacterial societies can 

carve out opportunity to grow, a specialist who suspects diphtheria might suggest beginning 

treatment immediately. 

Treatment for diphtheria 

Treatment pointed toward countering the bacterial impacts has two parts: 

 Neutralizing agent: This is otherwise called enemy of diphtheritic serum. It kills the 

microscopic organisms' poisons. Specialists utilize the antibody to treat diphtheria that 

has impacted the respiratory framework. 

 Anti-infection agents: Erythromycin or penicillin can destroy the microorganisms and 

prevent them from spreading. Anti-toxins can treat diphtheria influencing the respiratory 

framework and skin. 
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Early treatment with neutralizing agent is significant, and specialists ordinarily start it before 

the way of life returns. The immunizing agent just chips away at poisons that poor person yet 

bound with cells and tissue in the body.People are presently not infectious subsequent to taking 

anti-toxins for 48 hoursTrusted Source. Nonetheless, it is vital that an individual completes the 

full course of anti-toxins. 

Diphtheria counteraction 

One of the most effective Trusted Source techniques for diphtheria avoidance is 

immunization. Numerous nations, including the U.S., utilize routine immunizations to assist with 

forestalling diphtheria infection. Pharmacists get immunizations from a cleansed poison 

eliminated from a variation of the bacterium.There are four immunizations that can assist with 

safeguarding against diphtheria, which include: 

 DTaP: This safeguard against diphtheria, lockjaw, and pertussis. 

 DT: This safeguard against diphtheria and lockjaw. 

 Tdap: This safeguard against diphtheria, lockjaw, and pertussis. 

 Td: This safeguard against diphtheria and lockjaw. 

Current inoculation plans incorporate diphtheria pathogen as a youth vaccination, known 

as diphtheria and lockjaw pathogens and acellular pertussis immunization (DTaP). 

The CDC Trusted Source suggests D tAP for those younger than 7 years. Newborn 

children ought to get five portions of D. Tap at the accompanying ages: 

 2 months 

 4 months 

 a half year 

 15-year and a half 

 4-6 years 

Those ages 11-13 years ought to get the Tdap shot, and grown-ups ought to get the Td or 

Tdap at regular intervals 
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Introduction: 

      Ebola infection illness (EVD) is a dangerous sickness with incidental flare-ups that 

happen for the most part on the African landmass. EVD most normally influences individuals 

and nonhuman primates (like monkeys, gorillas, and chimpanzees). It is brought about by a 

contamination with a gathering of infections inside the variety Ebola virus: 

 Ebola infection (species Zaire Ebola virus) 

 Sudan infection (species Sudan Ebola virus) 

 Taï Forest infection (species Taï Forest Ebola virus, previously Côte d'Ivoire Ebola virus) 

 Bundibugyo infection (species Bundibugyo Ebola virus) 

 Reston infection (species Reston Ebola virus) 

 Bombali infection (species Bombali Ebola virus) 

   Of these, main four (Ebola, Sudan, Taï Forest, and Bundibugyo infections) have caused 

illness in individuals. Reston infection can cause sickness in nonhuman primates and pigs, 

however there have not been cases in individuals. Bombali infection was first distinguished in 

quite a while in 2018, and specialists don't have the foggiest idea yet in the event that it causes 

illness in either creatures or individuals. The infection first spreads to individuals through direct 

contact with the blood, body liquids and tissues of creatures. Ebola infection then spreads to 

others through direct contact with body liquids of a debilitated individual with or has passed on 

from EVD. This can happen when an individual contacts these tainted body liquids or items that 

are debased with them. The infection then, at that point, helps into the body through broken skin 

or mucous layers in the eyes, nose, or mouth. Individuals can help the infection through sexual 

contact with somebody who is debilitated with or has recuperated from EVD. The infection can 

continue in specific body liquids, similar to semen, after recuperation from the sickness. 

Keywords: Ebola infection, flare-ups, nonhuman primates, Bombali, tainte 

Transmission: 

Ebola infection was first found in 1976 close to the Ebola River in what is presently the 

Democratic Republic of Congo. From that point forward, the infection has been contaminating 

individuals occasionally, prompting episodes in a few African nations. Researchers don't have 

the foggiest idea where Ebola infection comes from. In view of comparative infections, they 

https://www.webmd.com/a-to-z-guides/ebola-fever-virus-infection
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accept EVD is creature borne, with bats or nonhuman primates being the most probable source. 

Tainted creatures conveying the infection can send it to different creatures, similar to gorillas, 

monkeys, duikers and people. 

Thought organic product bats of the Pteropodidae family are normal Ebola infection has. 

Ebola is brought into the human populace through close contact with the blood, emissions, 

organs or other natural liquids of tainted creatures, for example, organic product bats, 

chimpanzees, gorillas, monkeys, woods impala or porcupines tracked down sick or dead or in the 

rainforest. 

Ebola then, at that point, spreads through human-to-human transmission by means of 

direct contact (through broken skin or mucous layers) with: 

• Blood or body liquids of a wiped out individual with or has passed on from Ebola 

• Objects that have been debased with body liquids (like blood, excrement, upchuck) from an 

individual debilitated with Ebola or the body of an individual who passed on from Ebola 

Medical services laborers have every now and again been tainted while treating patients 

with thought or affirmed EVD. This happens through close contact with patients when disease 

control precautionary measures are not stringently polished. 

Entombment functions that include direct contact with the body of the departed can 

likewise contribute in the transmission of Ebola. Individuals stay irresistible as long as their 

blood contains the infection. 

Pregnant ladies who get intense Ebola and recuperate from the sickness might in any case 

convey the infection in breastmilk, or in pregnancy related liquids and tissues. This represents a 

gamble of transmission to the child they convey, and to other people. Ladies who become 

pregnant in the wake of enduring Ebola sickness are not in danger of conveying the infection. 

In the event that a breastfeeding lady who is recuperating from Ebola wishes to keep 

breastfeeding, she ought to be upheld to do as such. Her bosom milk should be tried for Ebola 

before she can begin. 

Side effects: 

The brooding time frame, that is to say, the time span from contamination with the 

infection to beginning of side effects is from 2 to 21 days. An individual tainted with Ebola can't 

spread the infection until they foster side effects. 

Side effects of EVD can be abrupt and include: 

 Fever 

 Weariness 

 Muscle torment 

 Cerebral pain 

 Sore throat 
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This is trailed by: 

 Heaving 

 The runs 

 Rash 

 Side effects of impeded kidney and liver capability 

 At times, both inward and outside dying (for instance, overflowing from the gums, or 

blood in  the stools). 

 Lab discoveries incorporate low white platelet and platelet counts and raised liver 

proteins. 

Determination: 

It very well may be hard to clinically separate EVD from other irresistible illnesses like 

intestinal sickness, typhoid fever and meningitis. Numerous side effects of pregnancy and Ebola 

sickness are likewise very comparable. On account of dangers to the pregnancy, pregnant ladies 

ought to in a perfect world be tried quickly on the off chance that Ebola is thought. 

Affirmation that side effects are brought about by Ebola infection disease are made 

utilizing the accompanying analytic techniques: 

 Neutralizer catch protein connected immunosorbent measure (ELISA) 

 Antigen-catch location tests 

 Serum balance test 

 Switch transcriptase polymerase chain response (RT-PCR) measure 

 Electron microscopy 

 Infection disconnection by cell culture. 

Cautious thought ought to be given to the choice of symptomatic tests, which consider 

specialized determinations, sickness frequency and pervasiveness, and social and clinical 

ramifications of experimental outcomes. It is emphatically suggested that demonstrative tests, 

which have gone through an autonomous and global assessment, be considered for use. 

Demonstrative tests assessed through the WHO crisis use appraisal and posting process 

Current WHO suggested tests include: 

 Robotized or semi-computerized nucleic analyses (NAT) for routine demonstrative 

administration. 

  Quick antigen location tests for use in far off settings where NATs are not promptly 

accessible. These    tests are suggested for the end goal of screening as a component of 

reconnaissance exercises, but responsive tests ought to be affirmed with NATs. 
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The favored examples for analysis include: 

 Entire blood gathered in ethylenediaminetetraacetic corrosive (EDTA) from live patients 

showing side effects. 

 Oral liquid example put away in general vehicle medium gathered from perished patients 

or when blood assortment is preposterous. 

Tests gathered from patients are an outrageous biohazard risk; research center testing on 

non-inactivated tests ought to be led under most extreme natural control conditions. All natural 

examples ought to be bundled utilizing the triple bundling framework when moved broadly and 

universally. 

Treatment: 

Strong consideration - rehydration with oral or intravenous liquids - and treatment of 

explicit side effects further develops endurance. A scope of potential medicines including blood 

items, resistant treatments and medication treatments are as of now being assessed. 

In the 2018-2020 Ebola episode in the Democratic Republic of the Congo, the very first 

multi-drug randomized control preliminary was led to assess the adequacy and security of 

medications utilized in the treatment of Ebola patients under a moral system created in 

conference with specialists in the field and the DRC. 

Two monoclonal antibodies (Inmazeb and Ebanga) were endorsed for the treatment of 

Zaire Ebola virus (Ebola virus) disease in grown-ups and youngsters by the US Food and Drug 

Administration in late 2020. 

Immunizations: 

The Ervebo immunization has been demonstrated to be successful in safeguarding 

individuals from the species Zaire Ebola virus, and is suggested by the Strategic Advisory Group 

of Experts on Immunization as a feature of a more extensive arrangement of Ebola flare-up 

reaction devices. In December 2020, the immunization was supported by the US Food and Drug 

Administration and prequalified by WHO for use in people 18 years old and more established 

(with the exception of pregnant and breastfeeding individuals) for security against Ebola 

infection illness brought about by Zaïre Ebola infection. 

The immunization had been administrated to in excess of 350 000 individuals in Guinea 

and in the 2018-2020 Ebola infection sickness episodes in the Democratic Republic of the Congo 

under "empathetic use" convention. The immunization has displayed to protected and compelling 

against the species Zaire Ebola virus. A worldwide store of the Ervebo immunization has opened 

up beginning January 2021. 

In May 2020, the European Medicines Agency suggested giving promoting approval for 

a 2-part immunization called Zabdeno-and-Mvabea for people 1 year and more established. 
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The immunization is conveyed in 2 portions: Zabdeno is regulated first and Mvabea is allowed 

roughly 8 weeks after the fact as a subsequent portion. This prophylactic 2-portion routine is 

consequently not appropriate for an episode reaction where quick security is essential. 

Anticipation and control: 

Great episode control depends on applying a bundle of intercessions, including case the 

board, observation and contact following, a decent research center help, safe internments and 

social preparation. Local area commitment is critical to effectively controlling flare-ups. 

Bringing issues to light of hazard factors for Ebola contamination and defensive measures 

(counting inoculation) that people can take is a compelling method for lessening human 

transmission. Risk decrease informing ought to zero in on a few elements. 
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Introduction: 

Plants are attacked by various phytopathogenic fungi due to which there is a severe 

decrease in the quality and productivity of crops. The diseases caused by fungi have been 

underestimated worldwide even though they cause several significant impacts on plants and 

animals (Agrios, 2009; Dean et al., 2012; El Hussein et al., 2014). The plant pathogenic fungi 

directly or indirectly cause a dramatic decline in the quality and quantity of plant production. 

About 70-80% of losses in agricultural production due to microbial disease are caused by fungal 

pathogens (Li et al., 2107). To overcome this condition both synthetic and botanical fungicides 

are used.  In comparison to botanical fungicides synthetic fungicides are highly effective. 

Synthetic control strategies have emerged and are widely used for the control of pathogens as 

they effectively control plant pathogenic fungi (Gonzalez-Fernandez et al., 2010, Martínez and 

Dhanasekaran, 2012). But the repetitive use of it has disrupted the natural biological system 

resulting in the development of fungal resistance leading to yield losses (Price et al., 2015). They 

are also toxic to human health. They also provide undesirable effects on non target 

microorganism (Shuping and Eloff, 2014; Nega, 2014; Patel et al., 2014). The repeated use has 

led to problems such as environmental pollution, development of resistance, and residual 

toxicity, thus it brings negative impacts on the environment and human health (Dovas et al., 

1976; Cooke et al., 2006; Hahn et al., 2014). To date, relatively few botanical fungicides have 

been registered and commercialized. However, many scientists have reported isolation and 

characterization of a variety of antifungal plant derivatives.  

Botanical Fungicides: 

The plant based natural product is known as botanical fungicides (Bhandari et al., 2021). 

They are environmentally safer and ecofriendly as they are persistent for short time and are 

easily degradable. They do not cause harm to the useful microorganisms of soil and hence, help 

to maintain soil properties. The natural product-based botanical fungicides provide the plant 

protection alternative as it has a high potential to reduce risks and impacts on people’s health and 

environment (Arif et al., 2009; Jacometti et al., 2010; Yoon et al., 2013; Kanchiswamy et al., 

2015; Borges et al., 2018; Ikechukwu et al., 2018). They lack cross-resistance due to their 
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different mode of action than that of synthetic fungicides (Vidhyasekaran, 2004). Botanical 

fungicides can be easily prepared and are of low cost in comparison to chemical fungicides.  

Mode of action of plant products: 

 The demand of botanical pesticides is increasing and is being used globally as green 

pesticides. Essential oil and plant extract have been recommended as plant based antimicrobials. 

Essential oils are oily liquids obtained from plants through fermentation, enfleurage and steam 

distillation (Burt, 2004), whereas plant extracts, in contrast, are obtained from dried plant 

products by filtration and evaporation using various solvents (Wang et al., 2004). The major 

compounds that have been investigated to date include phenols, flavonoids, quinones, terpenens, 

tannins, alkaloids, lectins, polypeptides, saponins and sterols (Halama and Van Haluwin, 2004). 

These botanical pesticides have fungicidal or fungistatic activity on plant pathogens. They create 

the unfavorable condition for the multiplication and establishment of plant pathogen (Scheuerell 

and Mahaffee, 2002). Table 1 shows several mechanisms of phytochemicals with their examples 

and mechanism by which they target the fungi (Pereira et al., 2015; Ferdes, 2018). Table 2 shows 

the fungicidal properties of a few plants against fungi (Zaker, 2016). 

Table 1: Mechanisms of action of phytochemicals  

Name of compound Example Mechanisms 

Simple Phenols Catechol 

Epicatechin 

Membrane disruption, substrate deprivation 

Phenolic acids Cinnamic acid Bind to adhesins, complex with cell wall, 

inactivate enzymes 

Terpenoids  Capsaicin Membrane disruption 

Alkaloids Berberine Piperine Intercalate into cell wall 

Tannins Ellagitannin Bind to proteins, , enzyme inhibition, substrate 

deprivation 

Flavonoids 

 

Chrysin  Bind to adhesins, complex with cell wall, 

Inactivate enzymes 

Coumarins Warfarin Interaction with eukaryotic DNA 

Lectins and 

polypeptides  

Mannose-specific 

agglutinin Fabatin 

Form disulfide bridges  

 

Quinones Hypericin Bind to adhesins, complex with cell wall, 

inactivate enzymes 
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Table 2: Fungicidal properties of some of plant products 

Targeted plant pathogen Name of plant Reference 

Aspergillus candidus, A. 

flavus, A. fumigatus, A. niger, 

A. ochraceus  

Acacia, sapodilla, datura, eucalyptus, 

pomegranate and black plum extracts 

Satish et al. (2007) 

Alternaria alternata  Eucalyptus and lavender extracts Zaker and 

Mosallanejad (2010) 

Aspergillus niger  Clove bud, cinnamon, ginger, black 

pepper, garlic and onion, neem 

Avasthi et al. (2010) 

Fusarium oxysporum, 

Rhizoctonia solani  

Neem, chinaberry, garlic and turmeric 

extracts 

Hadian (2012) 

Fusarium solani  Artemisia, thyme and eucalyptus 

extracts 

Zaker (2014) 

Aspergillus fumigatus, 

Alternaria solani, 

Helminthosporium spp.  

Indian beech, milk weed, oleander and 

turmeric extracts 

Masih et al. (2014) 

Rhizopus stolonifer, 

Colletotrichum coccodes  

Kokum, wild turmeric and jasmine 

extracts 

Bhagwat and Datar 

2014 

Botrytis cinerea  

 

 

Grape seed, thyme, rosemary, mint, 

basil and sage essential oils 

Mermer-Doğu and 

Zobar (2014) 

Aspergillus flavus, Phoma 

sorghina, Alternaria alternata, 

Botrytis cinerea  

Anise, cumin, caraway, ammin, 

pennyroyal, thyme and cinnamon 

essential oils 

Behdani et al. (2012) 

 

Phytophthora nicotianae  Pepper and cassia extracts, neem, 

mustard and cinnamon essential oils 

Bowers and Locke 

(2004) 

Fusarium moniliforme, 

Curvularia lunata  

Citral, eugenol and geraniol  Kishore et al. (2007) 

Monilinia fructicola, Botrytis 

cinerea  

Carvacrol, eugenol, citronellol, 

geraniol, citral, perillyl and menthol 

Tsao and Zhou 

(2000) 

Fusarium moniliforme, 

Rhizoctonia solani, 

Phytophthora capsici  

Thymol, carvacrol, 1,8 cineole,Y-

terpinene, p-cymene and anethole 

Mueller-Riebau et al. 

(1995) 
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Conclusion:  

 The repeated use of chemicals against plant pathogens deteriorates the environment. The 

present concern is to find a sustainable solution to the above problem. Therefore, emphasis has 

been laid on eco-friendly alternative to dreadful fungicides for crop protection. Plants have 

traditionally been used for the prevention and treatment of various diseases. They represent a 

promising alternative against pathogens.  They have a great potential to overcome plant 

pathogens as they comprise of biologically active compounds which limit the disease. There is a 

huge gap between lab research and availability of the medicinal plants on land. Further research 

is required for making medicinal plants available to the farms either individually or integrated 

with biocontrol agents. 
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The first sensory attribute that attracts and allures, humans as well as animals, is color. 

Pigments impart color and generate impression, aesthetics, and glossary about any product 

leading to a significant role in product acceptability (Joshi, 2003). A pigment is classically 

defined as a material that changes the color of transmitted or reflected light as a result of 

wavelength-selective absorption. This physical process differs from fluorescence, 

phosphorescence, and other forms of luminescence, in which the actual material emits light. In 

the chemical context, soluble colored substances are named colorants while insoluble ones are 

named pigments. However, in the biological context, the colored substances are called pigments 

irrespective of their solubility (De Carvalho, 2014, The Editors of Encyclopaedia, 2022).  

Historical background 

Pigments have a prehistoric origin. The early pigments were in form of ochres (yellow, 

red earth) and iron oxides used predominantly for aesthetic purposes. The Egyptians and the 

Chinese are considered torchbearers for introducing earthy pigments to the world. Malachite 

(green), Azurite(blue), and Cinnabar (bright red) are a few of the early pigments introduced by 

them on the global platform which still display contemporary use. Historically, along with earthy 

pigments, biological pigments were equally popular. In fact, the earliest cave paintings were 

crafted employing Carbon Black, collected as soot, on burning animal fat. Analogous sources of 

biological pigments included botanical materials, animal waste, insects, and mollusks. Pigment 

extraction from these biological sources was laborious and time-consuming, hence many a time 

maintained as a trade secret. Tyrian Purple, obtained from the mucus of the Murex snail, was the 

first biological pigment to be used for fabric dyeing by the Greeks and the Romans in 1453 CE. 

It soon acquired the status of royalty and was bartered for silver (Kassinger, 2003). Another 

significant illustration of biological pigment came quite later in the 16th century which gave a 

very noteworthy pigment Carmine. Carmine is derived from crushing cochineal insects and is 

still being used in the fabric, food, cosmetic, and body paint industry (Kerpel, 2014; The Editors 

of Encyclopaedia, 2022).  Unlike the leisurely progress associated with biological pigments, the 

industrial revolution contributed to the bloom and boon of synthetic pigments.  
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Synthetic pigments 

The synthetic pigment industry proliferated in every color conceivable, contributing to a 

reliable and stable industry. By 1900, the annual synthetic production of only one pigment, 

Indigo, experienced a production rise to 50,000 tons, which justifies the plausible demand for 

synthetic pigments. During the 20th century and beyond, research continued in the pigment 

industry, for colorants in plastics, synthetic fiber, printing, cosmetics, and the food industry. 

According to Fortune Business Insights (2022), the pigment market was estimated to be 39.09 

billion dollars in 2021 and is expected to escalate to 56.91 billion dollars by 2029. The report 

also cited that the Asia Pacific region, led by China and India, accounted for the largest share of 

the global pigment market. Considering this current market demand for pigments, they become 

an undisputed area for research and innovation. However, despite the demand and bloom of the 

synthetic pigment market a major concern disturbing it is its chemical origin. 

Pigments are broadly classified (on their chemical origin) as organic and inorganic. The 

below description enlightens about certain concerns associated with them. 

Inorganic pigments 

List of certain inorganic pigments and their toxicity concerns 

Pigment Types Toxicity Reference 

Cadmium 

pigments 

Cd yellow, red, green, 

orange,  

Kidney and liver toxicity, 

endocrine disrupter  

Kim et al. 

(2015) 

Chromium 

Pigments 

Cr yellow, green  Bone, prostate, lymphomas, 

Hodgkins, leukemia, stomach, 

genital, renal, and bladder cancer 

Costa (1997) 

Cobalt 

Pigments 

Co violet, blue, yellow Neurological, cardiovascular, 

and endocrine defects. 

Leyssens et al. 

(2017) 

Copper 

Pigments 

 

 

 

Azurite, Han purple, Han 

blue, Egyptian blue,  

Malachite, Paris     green, 

 Phthalocyanine Blue BN, 

Phthalocyanine Green G  

Gastric irritation, inflammation  Ashish et al. 

(2013) 

Iron oxide 

pigments 

oxide red, red 

ochre, Venetian red 

Contact dermatitis, irritant,  Saxena et al. 

(2001) 

Lead 

pigments 

lead white, Chemnitz 

white, Naples yellow, red 

lead, lead-tin-yellow 

Central nervous system damage Stewart (2019) 

Mercury 

Pigments 

Vermillion  

 

Highly toxic and currently 

banned 

Angel (2017) 
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Inorganic Pigments are chemical compounds, usually, metallic salts precipitated from 

solutions. Currently, most of them are manufactured synthetically and are named as per their 

metal oxides. Their preparation process involves washing, drying, pulverizing, and mixing into a 

formulation. The majority of inorganic pigments are brighter and last longer than their organic 

counterparts. They possess high light fastness, non-migratory, and non-bleeding properties. 

Owing to their sustenance to extreme weather conditions and high temperatures they are the 

preferred choice in paints, coatings, plastics, textile, and paper industries. However, their 

presence in the food, pharmaceuticals, and cosmetic industry is relatively low, due to their 

toxicity concerns (Swiler, 2000; The Editors of Encyclopaedia, 2022). 

 Considering the above table, it is justifiable to restrict the use of several inorganic 

pigments to products that are not in direct contact with life forms. Apart from contact-induced 

toxicity concerns, inorganic pigments degradation and retention in an environment for prolonged 

periods is yet another disturbing alarm. These concerns have raised agitations from 

environmentalists contributing toward reframing laws and developing restrictions regarding the 

use of inorganic pigments (Burrows, 2009; McCann et al., 2007). Considering these factors, the 

market trend has diverted towards organic and natural origin pigments. 

Organic pigments 

Organic pigments are hydrocarbon compounds that may contain metallic elements to 

stabilize their properties. These pigments are obtained from coal tar, petroleum distillates, 

succinic acid, aniline, and phthalonitrile. They are specifically termed as chemically synthesized 

organic pigments, examples of which include quinacridone, magenta, phthalo green, phthalo 

blue, etc.  Organic pigments offer high color strength, durability and availability in a wider range 

of bright colors, such as blue, green, yellow, red, and orange. They are usually less opaque, and 

chemically inert, with good dispersion and high tinting strength. Organic pigments are mainly 

functional in the printing (50%), paint (25%), plastics (12%), and rubber (10%) industries. 

Despite being chemically inert some of them are anticipated to exert low levels of toxicity post 

prolonged use. Common concerns associated with them include low solubility, bacterial and 

mammalian cell mutagenicity, skin irritation and sensitization, clastogenicity, multiple-dose 

induced toxicity, and reproductive concerns (Stratmann et al., 2020; The Editors of 

Encyclopaedia, 2022).  

Considering the alarming concerns associated with certain synthetic pigments (organic 

and inorganic), consumers and industries have shifted their inclination and demand towards 

natural/biological pigments (Manivasagan et. al, 2018). 

Biological pigments 

Biological pigments are organic compounds produced by plants, animals, and microbes. 

Collectively they are also referred to as biochromes. Biochromes are by far the safest pigments 

https://en.wikipedia.org/wiki/Quinacridone
https://en.wikipedia.org/wiki/Magenta
https://en.wikipedia.org/wiki/Phthalo_green
https://en.wikipedia.org/wiki/Phthalo_blue
https://en.wikipedia.org/wiki/Phthalo_blue
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as they have a completely natural origin (Manivasagan et al., 2018). Common examples of 

traditional biochromes include cochineal red, rose madder, indigo, Indian yellow, Tyrian purple 

and Carmine. According to Manivasagan et al., 2018, biochromes have found significant 

applications in food, beverage, cosmetic, pharmaceutical, and therapeutic fields owing to their 

biosafety, good stability, and biocompatibility. The food and beverage, pharmaceutical and 

cosmetic industry in particular, is looking forward to innovations in natural pigments to replace 

their synthetic counterparts. Apart from aesthetics some biochromes also possess functional 

dimensions like antibacterial, anti-biofilm, anti-cancer, and antioxidant activity. With concerns 

related to synthetic pigments and appealing functional characteristics of biochromes, 

bioprospecting of natural pigments for novel properties is an overlooked asset that awaits 

exploration (Sen et al., 2019; Rao et al., 2017). 

Sources of biological pigments  

1. Animals 

Animals produce only a limited range of pigments like rhodopsin and melanin whose 

color ranges only from yellow to brown. These pigments without suspicion have many important 

biological functions, however, their extraction remains unethical and non-permissible (Riley, 

1997). Birds on the other hand express quite a diverse range of colors. They generally get their 

diverse colors through the food they consume. However, their cultivation for the sole purpose of 

pigmentation again remains ethically non-permissible (Farrant, 1997). This limitation leaves us 

with exploring plants and microbes for biological pigments. 

2. Plants 

Plant pigments are responsible for most of the beauty we perceive in nature (Tanaka 

2008). The human use of plant pigments has a long history. Universally known applications of 

plant pigments include henna for tattooing and indigo for textile. Many others like annatto, 

anthocyanin, betalains, curcumin, etc are currently the most preferred and safe food colorants 

(Davies (Ed.). 2009). Plant pigments are aesthetically and chemically diverse which has indulged 

chemists and biologists, to examine their chemical and physical properties, their mode of 

synthesis, and their physiological and ecological roles (Tanaka, 2008). 

The major classes of plant pigments include Chlorophylls (green), Phycobillins (red and 

blue-green), Carotenoids (yellow to orange to red), Flavonoids (yellow), and Betalains (yellow to 

orange). These pigments serve undisputed and indispensable roles in photosynthesis and 

assistance to photosynthesis. Besides photosynthesis, they are acknowledged as attractants in 

pollination, procreative success, and protection of susceptible biomolecules against radiation and 

stress. Legal restrictions, by the Food and Drug Administration, in the USA and the European 

Food Safety Agency (EFSA) have greatly reduced the synthetic color palette available to the 

food industry. Considering this, plant pigments have been receiving logarithmic attention in the 
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food, pharmaceutical and health care industry as color additives and supplements (Fernández-

López et al., 2020). 

 Despite the above advantages, plant pigment productions have certain concerns which 

need to be addressed. They include non-availability throughout the year, a large area required for 

cultivation, pest infestation, seasonal variation-dependent yield, inconsistency, maintenance of 

environmental parameters, and restricted diversity. All these factors have ignited the quest and 

bio-prospection of microbial pigments. (Rao et al., 2017).  

3. Microbes 

 Microorganisms are an inexhaustible source of structurally diverse bioactive metabolites 

which have contributed to diverse industries to date. Systematic and accidental investigation of 

micro-organisms from diverse environments has resulted in a vast repertoire of bioactive 

compounds. Pigments are one such bioactive metabolites produced by a few microorganisms. 

Along with eye-pleasing appearances microbial pigments are known to have antibacterial, 

antifungal, antiparasitic, anticancer, anti-inflammatory, antioxidant, UV light protective, food 

colorant, feed additive, etc like properties (Soliev et al., 2011).  

 In microbes, the pigment production is either inducible (in response to environmental 

conditions) or constitutive. The role of pigment production in microbes is still not precisely 

conceivable, especially the ones which synthesize them constitutively and are non-

photosynthetic. In certain microbes, pigment production attributes to its virulence by increasing 

resistance to oxidative stress, escaping killing by immune cells, and mutagenesis. Prominent 

examples for the above category are S. aureus and Mycobacterium spps whose pigment 

production is directly linked to enhancing pathogenesis and invasiveness (Saviola, 2014). 

Photosynthesis is another crucial role of pigments in a few photosynthetic microbes like 

Cyanobacterium, Rhodopseudomonas, etc. Other key roles, to which pigmentation contributes, 

include UV light protection, photo-oxidation protection, defense mechanism, protection against 

stress, antimicrobial properties, anti-freezing agents, etc. In contrast, for some microbes pigment 

production, may only act as a metabolite sink. (Liu and Nizet, 2009; Tong and Lighthart, 1997; 

Narsing Rao et al., 2017) 

According to Duffosse et al. (2014), the palette of microbial biochromes encompasses a 

medley of colors, contributing to its acknowledgment and wide attention. Microbes produce 

pigments as secondary metabolites, which are aesthetically and chemically diverse. Chemically 

they are derivatives of pyrrole, phenazine, pyridone, isoprenoids, indole, quinones, and flavins. 

These derivatives contribute to commonly studied pigments namely prodigiosin (red), pyocyanin 

(blue-green) indigionine (violet); carotenoids (yellow, orange, red), violacein, (violet), melanin 

(brown), anthraquinone (yellow, orange), riboflavin (yellow). The majority of these pigments are 
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either in the industrial production, developmental, or research stage (Sen et al., 2019; Rao et al., 

2017; Dufosse et al., 2014; Venil et al., 2020). 

 Microbial pigment producers have enormous advantages like rapid growth rate in low-

cost medium, easy cultivation and handling procedure, simple growth conditions, maintenance 

independent of weather conditions, and consistent yield without variation.  Furthermore, with 

hassle-free cultivation in bioreactors, and an easy shift from lab to fermenter scale, microbes tend 

to become the preferred choice for new and novel metabolite production. To add on, a very high 

magnitude of microbial biodiversity followed by pigment assortment further enhances its 

bioprospection and collection. The microbial resource enhances even further, with molecular and 

genetic techniques leading to microbial diversification and product amplification. Strain 

improvement has contributed to many variants of the original product and has played a 

significant role in designing microbes for easy release and purification of pigments. (Rao et al., 

2017). Thus, considering the aesthetics, functional dimension, diversity, and fermentation 

technology we can conclude microbes could be the preferred source of biological pigments. 

 Considering the above factors, we can conclude plants and microbes are a renewable 

source of eco-friendly and aesthetically diverse natural pigments - biochromes. Moreover, most 

of the biochromes possess functional properties which are an add-on to their exclusivity. The 

only concern they face is lower yields compared to their synthetic counterparts. This production 

restriction can be addressed by modern fermentation technologies and genetic engineering. Once 

this concern is resolved biochromes would truly be an environmentally sustainable source. 
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