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7.1 Introduction

Since millennia, humans have been an agricultural species, our main focus being higher 
yields and better quality of food generation. This has developed the physiological and 
behavioral needs of human life. As the human population increases gradually, the need and 
demand for food have increased simultaneously. In recent centuries, after the industrial 
revolution, the human population has exploded, which has led to higher demands in food 
supply. This higher demand was met with incompetent production strategies. The major 
problems of the food industry include inherent limitations of edible materials like their 
perishable nature, proneness to microbial contamination, lower shelf life, transport and 
packaging limitations, and quality and safety concerns. Hence, to improve the condition of 
the food sector, significant progress has been achieved to enhance the shelf life as well as to 
reduce the contamination in the postharvest food products. The major contributions being 
from synthetic chemicals and chemical preservatives, but since these chemicals have a 
prominent impact on the environment and human health, more and more use of such chemi-
cal methods to increase food production and processing has greatly shown toxic and hazard-
ous effects on the environment and human life.

Therefore, the food industry has been in need of development and modernization for 
protection, preservation, prevention against microbial growth, quality monitoring, safety 
assessment, packaging and coatings for food items. A search for an alternative is much 
needed through research in the field of biotechnology and food technology. The field of 
biotechnology has played a vital role in the development of the food industry, with its sister 

https://doi.org/10.1016/B978-0-323-85791-8.00017-3
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science nanotechnology being a field of recent attention dealing with molecules and struc-
tures at the nanoscale. Processes and technologies to produce products having the capability 
of improving the quality of human life has been a very prominent area of research. Nanobio-
technology, the interaction of nanotechnology and biotechnology and its application in the 
field of life sciences offers numerous applications based on its compatibility with biomole-
cules and biosystems, which makes it one of the emerging areas of research in biomedical 
applications, drug delivery, molecular imaging, material for food safety and quality monitor-
ing, edible and smart sensors for coating and preservation, packaging materials for the 
enhanced shelf life of food products, and so on to revolutionize the field of food 
technology.

Recent trends have seen an increase in natural alternatives for these areas of research. 
Primarily, natural or nature-derived polymers have been utilized in the food industry. Classes 
of polymers based on basic biomolecules have great functionality in the food industry based 
on their physical and chemical properties. Natural polysaccharides like chitosan, cellulose, 
alginate, chitin, starch, and natural gums. Proteins like zein, whey, soy, collagen, and gelatin. 
Aliphatic polyesters like polyhydroxybutyrate (PHB), polylactic acid (PLA), polyhydroxyal-
kanoates (PHA), and polyhydroxy. Lipids like acetoglycerides, beeswax, triglycerides, fatty 
acids, and other waxes have been in practice for use in the food industry have been used in 
the food industry.

Lipid-based polymers have been used for preservation, protection, and value addition of 
nutrients to food items. Lipids are used as food coatings, because of their hydrophobic prop-
erty, they act as moisture barriers. They can form various structures which can range from 
simple liposomes to complex lipid nanoparticles depending on their host of applications 
(Fig. 7.1).

The area of nanotechnology and biotechnology overlap and as a result, give rise to differ-
ent realms of functionality, like food coatings, biocosmetics, nanosensors, or nanobiomateri-
als, where this intersection of nanobiotechnology can be put to use. “Shellac nanobiopolymers,” 
stem from the interaction of these two areas and have a number of basic and advanced 
applications from being used as an antimicrobial coating to being used for production of 
edible coatings, nanosensors and nutrient enhances (Fig. 7.2). Shellac is a natural biopolymer 
produced by female lac bugs, most commonly of the species Kerria lacca, in its raw form. 
Chemically this is a mixture of resin, wax, colorant molecules, esters, and polyesters of poly-
hydroxy acids. Basic chemical structure of shellac constituents of aleuritic acid and terpenic 
acid parts (Fig. 7.1). It is one of the only natural commercial resins of animal origin, available 
in various forms and grades of purity.

7.2 Background

7.2.1 Lipid-based polymers in nanotechnology
In recent years, nanopolymers have gained increasing attention in the food industry, their 
properties like well-controlled release, enhanced distribution and increased permeability 
have made them an idea operative tool for drug and food delivery, among many, lipid-based 
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nanopolymers as nanocarriers have been widely studied and used. Lipid/essential oil stabi-
lized nanoemulsions have good biocompatibility thus making them a useful tool in the food 
industry for delivery of nutraceuticals and flavoring agents, as antimicrobials, biodegradable 
coatings or packaging films (Huber & Embuscado, 2009). A group studied stability, biocom-
patibility, and antioxidant activity of PEG-modified liposomes for delivery of resveratrol. 
Direct sonication of phospholipids with two PEG-surfactants was done to produce unilamel-
lar vesicles of PEG-modified liposomes. These vesicles are useful to safely deliver resveratrol. 
All of these are lipid polymers modified or used as an additive for their variety of applica-
tions (Caddeo et al., 2018).

FIG. 7.1 (A) Structures formed by lipids in water. (B) Chemical structure of shellac (Courtesy: Reproduced from 
https://doi.org/10.3389/fnut.2021.783831).

https://doi.org/10.3389/fnut.2021.783831
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7.2.2 Lipid-based polymers and blends in food industry

Lipids have a very unique property of being hydrophilic and hydrophobic at the same time, 
this leads to their various transitional structures. They can form protective layers against 
moisture preventing microbial and physicochemical deterioration. Their interaction with 
water leads to different structures they form. Lipids, like Candelilla wax, bee wax, vegetable 
oils, etc. have been used as raw materials in the food industry as edible coatings, packaging 
and nutrition preserver. Apart from that lipid polymers will provide gloss, decrease moisture 
loss and reduce the complexity of packaging. Many studies on polysaccharides like chitosan, 
cellulose, alginate, chitin, starch, and natural gums. Proteins like zein, whey, soy, collagen, 
and gelatin. Aliphatic polyesters like polyhydroxybutyrate (PHB), polylactic acid (PLA), 
polyhydroxyalkanoates (PHA), and polyhydroxy. Lipids like acetoglycerides, bees wax, tri-
glycerides, fatty acids, and other waxes have been carried on for application of these natural 
polymers in the food industry (Adeyeye et al., 2019; Aydin et al., 2017; Lu et al., 2021). Our 

Nanotechnology Biotechnology
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Nanosensors
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FIG. 7.2 Interaction of nanotechnology and biotechnology and the role of shellac.
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concerned lipid polymers alone cannot impart mechanical strength and preservative proper-
ties together, hence lipid-based blends with polysaccharides are more useful. Naturally 
derived polymers based on lipids have been employed in the food industry for practical 
applicability (Grujic et al., 2017; Prameela et al., 2018). Food packaging and coating strategies 
which include polysaccharides for their oxygen barrier properties, proteins for their relatively 
good mechanical strength, and lipids for their low water vapor permeability and good mois-
ture barrier properties have been studied (Mohamed et al., 2020; Teixeira-Costa & Andrade, 
2021; Trajkovska Petkoska et al., 2021). A lot of these mixtures and blends have characteristic 
properties which give them functionality in various sectors of food industry like packaging, 
preservation, microbial growth prevention, nutritive value addition and so on.

7.2.3 Shellac as a versatile lipid-based biopolymer

Shellac is a natural biopolymer produced by purification of resin lac which is secreted by 
female lac bugs, most commonly of the species Kerria lacca (Fig. 7.3). Chemically a mixture 
of esters and polyesters of polyhydroxy acids. It is one of the only natural commercial resins 
of animal origin. It is commercially available in a lot of variants and compositions some of 
which are classified as food grade (Fig. 7.3), each having its variating properties based on 
their application. Shellac (CAS Number: 9000-59-3) is used in the food industry, it is pro-
cessed and refined by mechanical method using heat or solvent, which yields orange shellac 
or by chemical method using bleaching, which yields bleached shellac. Any shellac variety 
is regarded as safe for use in the food industry if it has less than or equal to 1.5 ppm arsenic, 

FIG. 7.3 Food-grade shellac extraction from seed lac. (Courtesy: Reproduced from https://doi.org/10.3109/ 
10915818609141914).

https://doi.org/10.3109/10915818609141914
https://doi.org/10.3109/10915818609141914
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110 ppm heavy metals, and must be absent of rosin. Shellacs used in the food industry can 
be wax containing or wax free (dewaxed), based on this four food grade shellac are employed 
in the food industry orange shellac, dewaxed orange shellac, regular bleached shellac and 
refined bleached shellac (Liebert, 1986). Shellac has a host of properties being hard, brittle 
and resinous biopolymers. It is naturally a thermoplastic mostly used as sealants, varnishes, 
enteric coatings, porous material filler, packaging, food additive, and preservative. Due to 
its acidic nature it has pH-dependent solubility, soluble at pH above 7.4 and in alcohols like 
ethanol, partially soluble in ethers, making it resistant to acidic dissolution. It has a character 
coating property, which when used in combination with its acid resistance makes it an excel-
lent enteric coating material, assisting its applicability in drug delivery and release (Ben 
Messaoud et al., 2016; Farag & Leopold, 2009; Karak, 2016; Rehding, 2006; Triyono et al., 
2021). Studies on shellac for its functionality in the food, pharma, wood and other industries 
have very prominent and extensively done (Bar & Bianco-Peled, 2021; Muhammad et al., 
2020; Patel et al., 2014; Phan The et al., 2008; Wang et al., 2018; Yuan et al., 2021).

Lac has been known in India and China since ancient times, its use tracing back to about 
2000 years. Lac has been cultivated for over three centuries of known modern human history 
using it as a one-product finish for wood items, gramophone vinyl record pressing material, 
purple-red dye, etc. Making its way into different industries as a coating, dyeing and finish-
ing agent. Due to its vast application it was extensively cultivated manually up until the 
mid-19th century and then mechanically in the United States, Europe and China(Bryk, 2022; 
How shellac is made—material, history, used, processing, product, industry, History, Raw Materials, 
n.d.; Stummer et al., 2010).

7.2.4 Application of shellac blends

Shellac, being naturally available and easily processable has gained a lot of attention in the 
food industry as discussed earlier. Shellac and its blends have been used and researched 
extensively, shellac with chitosan, gelatin, PEG and PVA as food preservatives for eggs, 
tomatoes, nuts, and bananas; shellac with lemongrass oil, zein, gelatin, stearic acid, and chitin 
as quality enhancer for nuts, bananas, drugs, and curcumin; shellac with konjac glucoman-
nan, Persian gum and gelatin as protectant coating and packaging majorly in the past 10 
years (Table 7.1).

TABLE 7.1 Shellac and its blends with various materials and their application.

Shellac blends Title of publication Target 
items

Purpose Year of 
publication

Shellac and 
chitosan

Effects of pine needle essential oil combined 
with chitosan shellac on physical and antibacte-
rial properties of emulsions for egg preservation

Eggs Preservation 2022

Shellac and 
lemongrass oil

Assessment of shellac and lemongrass oil blend 
as edible coating to prolong shelf life of pili nut 
(Canarium ovatum)

Pili nut Prolong shelf life 2021

Shellac and kon-
jac glucomannan

Fabrication of novel Konjac glucomannan/
shellac film with advanced functions for food 
packaging

Food Packaging 2019



 7.2 Background 141

Nanotechnology applications for food safety and quality monitoring

Shellac blends Title of publication Target 
items

Purpose Year of 
publication

Shellac and zein Preparation, characterization and stability 
of curcumin-loaded zein–shellac composite 
colloidal particles

Curcumin Enhanced 
photochemical and 
thermal stability

2017

Shellac and 
gelatin

Utilization of shellac and gelatin composite film 
for coating to extend the shelf life of banana

Banana Extension of 
shelf life

2017

Shellac and 
β-carotene

Dispersing hydrophobic natural colourant 
β-carotene in shellac particles for enhanced 
stability and tunable colour

Food color Natural food 
coloring agent

2017

Shellac, 
stearic acid and 
Tween-20

Development of biocomposite films 
incorporated with different amounts of shellac, 
emulsifier, and surfactant

Pea starch–
guar gum 
films

Reduce water vapor 
permeability and 
enhance mechanical 
properties

2017

Shellac and 
chitin

One-pot fabrication of chitin-shellac 
composite microspheres for efficient enzyme 
immobilization

Enzyme Enhance 
immobilization

2017

Shellac, gelatin 
and Persian gum

Shellac, gelatin, and Persian gum as alternative 
coating for orange fruit

Orange Coating 2017

Shellac and 
alginate

Physicochemical properties of alginate/shellac 
aqueous-core capsules: Influence of membrane 
architecture on riboflavin release

Riboflavin Controlled release 2016

Shellac and PEG The effect of polyethylene glycol on shellac 
stability

Shellac Stability 2016

Shellac hydrogel Tough self-assembled natural oligomer 
hydrogel based on nanosize vesicles cohesion

Hydrogel Developing soft 
material

2016

Shellac 
nanofibers

Electrospun medicated shellac nanofibers for 
colon-targeted drug delivery

Colon-tar-
geted drug

Targeted drug 
delivery

2015

Shellac and 
PVA (Polyvinyl 
Alcohol)

Preserved effect of nano-Fe3+/TiO2-modified 
PVA-based composite preservation coating for 
eggs

Eggs Preservation 2014

Shellac and 
starch

Postharvest shelf-life extension of green chillies 
(Capsicum annuum L.) using shellac-based edible 
surface coatings

Green 
chillies

Improvement 
in shelf life and 
postharvest quality

2014

Shellac and 
chitosan

Nanoparticle formation by using shellac and 
chitosan for a protein delivery system

Protein Delivery 2012

Shellac and 
yeast cell 
microcapsules

Triggered cell release from shellac–cell 
composite microcapsules

Probiotics Controlled delivery 
and release

2012

Shellac and 
xanthan gum

Stabilisation and controlled release of silibinin 
from pH responsive shellac colloidal particles

Silibinin Controlled release 2011

Shellac, AMP 
and AMN

Enhanced enteric properties and stability of 
shellac films through composite salts formation 
Sontaya

Shellac Enhance enteric 
pro perty and stabil-
ity

2007

Shellac and 
chitosan

The effect of edible eggshell coatings on egg 
quality and consumer perception

Egg shells Improved quality 
and shelf life

2005
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7.3 Shellac for nanotechnology in the food industry

There are numerous ways by which nanotechnology can be applicable in the food industry 
and this number is expected to increase multifold in the near future. Nanotechnology being 
a rapidly growing field of research has seen exponential growth in research work done in 
the past decades; it possess possibilities of substantial application in the area of food industry 
from processing to packaging. Here nanopolymers and biopolymers have been employed to 
enhance processes and products of the food industry. Shellac plays a pivotal role as a natural 
biopolymer with adaptable applications in food and other industries, based on its versatile 
properties toward acidic to alkaline conditions both.

7.4 Films and packaging

Packaging industry has been of great importance in the food industry. Using nanomaterial 
for packaging has a number of advantages, like improved mechanical properties, increased 
bioavailability of nutrients, and detection and protection of microbial contamination (Bradley 
et al., 2011; Llorens et al., 2012). For this purpose, a number of nanocomposites, polymers 
containing nanoparticles are used. For example, nanoparticles of ZnO and MgO have been 
used for food packaging; amorphous silica has been used in food and in food containers, 
engineered water nanostructures, aerosols have been effectively used for; killing foodborne 
pathogens such as Escherichia coli, Listeria, and Salmonella on steel food production surfaces. 
Novel use of biopolymers has been under way in the food packaging and storage industry, 
where various shellac, a natural biopolymer; based coating formulations have been tested for 
their protective properties and preservative against microbial growth. A group developed a 
shellac-based films with combination of shellac along 2-hydroxyethyl methacrylate (HEMA), 
2-ethylhexyl acrylate (EHA), and 1, 4-butanediol diacrylate (BDDA) in different concentra-
tions and studied mechanical properties like tensile strength and elongation at break, water 
absorptivity, thermal properties and biodegradability of these films. They demonstrated that 
shellac grafted BDDA showed highest tensile strength and elongation at break values, shellac 
grafted HEMA films showed highest biodegradability and water uptake (Ghoshal et al., 2010). 
Another group developed Konjac glucomannan-shellac film for potential use in food packag-
ing, their study revealed that shellac composed films had better mechanical and thermal 
stability with an enhanced water hydrophilicity (Du et al., 2019). These studies demonstrated 
use of shellac and shellac composed polymers as film material for food packaging.

7.5 Edible coatings and shelf-life enhancer

Edible coatings can be single or multiple layers of biopolymers, which have the ability to 
enhance shelf life, reduce lipid oxidation, reduce ethylene release, protect and preserve from 
microbial action, and degradation. Edible coatings can be functionalized for antimicrobial 
and antioxidant properties. Coatings and shelf-life enhancers are developed using nanomate-
rial composites like gelatin–chitosan/(Ag/ZnO), gelatin–anthocyanin/kafirin (Khafar et al., 
2018), starch, alginate, carrageenan, chitosan, agar, and lard coatings. Among these 
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biopolymeric coatings like that of shellac–PVP, shellac–aloe vera, shellac–lemongrass oil, or 
shellac–gelatin have been developed for their wide applicability. A group demonstrated that 
an electrospun eugenol loaded core-sheath PVP/shellac film improved thermal stability, 
moisture resistance, and prolonged shelf life of postharvest strawberries (Li et al., 2020).

A study used shellac–gelatin composite films to develop an edible surface coating to 
enhance shelf life and prolong ripening of banana fruits. They found shellac–gelatin (60:40) 
composite film to achieve good shelf-life extension and storage functionality (Soradech 
et al., 2017).

Another study developed a shellac and aloe vera gel edible coating for shelf-life enhance-
ment of tomato. This edible coating restricted changes in respiration and ethylene synthesis 
which led to delayed deterioration in tomato quality and taste. The shelf life of stored toma-
toes showed an enhancement of 12 days for shellac–aloe vera gel coating and 10 days for 
shellac coating alone (Chauhan et al., 2015).

Furthermore, there are a variety of techniques used to apply shellac coatings, few are 
discussed below.

7.5.1 Electrospraying and electrospinning

Electrospraying is a method to produce nanofibers using an electrohydrodynamic process on 
a polymer solution which when released from a thin nozzle under high voltage stretches, elon-
gates and solidifies to form nanofibers (Fig. 7.4a). Electrospinning is a subcategory of electro-
spraying, the main section of the electrospinning device includes a high-voltage power supply, 
a syringe pump, a spinneret, and a conductive collector. The process involves release of polymer 
solution molecules from nozzle, under high voltage, upon electrification; the jet stream initially 

(A) (B)
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FIG. 7.4 (A) Electrospraying method of coating shellac and (B) electrospinning method of coating shellac.
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stretches straight out then upon elongation starts a whipping motion due to bending instabili-
ties. As the jet stream is elongated into finer diameters, it solidifies quickly, on the rotating 
collector (Fig. 7.4b). Generally, this is difficult and complicated to perform for natural polymers 
due to the behavior of the polymer solutions or melts and specific conditions required to form 
solutions and maintain liquid state. Shellac being easily soluble and stable in anhydrous ethanol 
solution and low in molecular weight gives it an upper hand to make an electrospinning solu-
tion. Shellac also acts as filler for nanofibers imparting thicker nanofiber with other polymers 
like polylactic acid (PLA), due to polymer chain entanglement. This effect can be reduced using 
ethanol as sheath fluid, which forms thinner shellac nanofibers without compromising their 
quality (Thammachat et al., 2010; Wang et al., 2019; Wu et al., 2014; Xue et al., 2019).

7.5.2 Dip coating

An easy, simple, cheap, repeatable, and reproducible method used to add a thin layer of film 
onto a substrate. This is performed by simply dipping the substrate that we need to coat into 
the polymer solution and removing it at a constant speed into a hydrous atmosphere. After 
which a thin homogeneous layer of shellac is coated onto the substrate. This is then dried at 
room temperature, additional treatments of hardening can be given or another layer of 
shellac can be coated by repeating the sample process after drying the primary layer com-
pletely (Fig. 7.5). To enhance the performance of coating magnesium substituted hydroxyapa-
tite can be used in combination with shellac as the primary coat and magnesium substituted 
hydroxyapatite as the secondary coat this can increase the bonding strength and provide 
stability for the developed coating (Aravindakshan et al., 2021; Neacşu et al., 2016).

7.5.3 Manual coating

Here a semisolid or liquid is coated onto a solid food item to preserve its freshness, increase 
aesthetics and prolong shelf life of the food item. This is performed by simplifying by rubbing 
a semisolid/liquid polymer solution like that of waxed food grade shellac onto fruits using 
a sterile applicator cloth (Fig. 7.6) (Fernandes, 2018).

Object to
be coated

Dipping
Secondary coating

Object

Primary coatingShellac solution

FIG. 7.5 Dipping method for shellac coating.
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7.6 Quality enhancer and preservation

The food industry has begun using nanotechnology to develop nanoscale ingredients to 
improve color, texture, and flavor of food. For example, nanoparticles of TiO2, SiO2, and 
amorphous silica have been used as food additives, TiO2 is generally used as a coloring in 
the powdered sugar coating on doughnuts (Kessler, 2011). Nanomaterials are also being used 
as ingredients and additives (e.g, vitamins, antimicrobials, antioxidants) in nutrients and 
health supplements for enhanced absorption and bioavailability (Chaudhry et al., 2008). A 
group studied the microbial growth and quality of “Fuji” apple, with nanoemulsion of car-
nauba–shellac wax homogenized with lemongrass oil, for 5-month postharvest. Using 
uncoated samples as a control, they concluded that CSW/LO coated samples had 2.5% less 
weight loss, retained their hardness, had decreased bacterial and negligible fungal growth, 
and also had better sensory appreciation (Jo et al., 2014). Another group studied the effect of 
various coatings on egg shelf life and microbial protectiveness. They tested eggs with ozone, 
ultrasound, and coating with shellac and lysozyme chitosan blend. Concluding that all were 
effective to stop any microbial growth to some extent, while some decreased the microbial 
count with respect to the control uncoated egg for a total of 5 weeks of storage. Shellac had 
a neutral outcome, it preserved the initial microbial load and stopped any further growth, 
also shellac and lysozyme chitosan blend enhanced the shelf life (Yüceer & Caner, 2020). 
These studies clearly show the application of shellac as a protective and preservative coating 
for quality enhancement, protection, and preservation.

7.7 Food nanosensors

Nanomaterials and nanopolymers have been used as nanosensors for food safety and 
quality assessment. Generally used to sense microbial contaminants, they are used as 
sensors in food production and at packaging facilities to facilitate a microbe free environ-
ment. These polymers can be designed to monitor food quality during transport and 

No swabbing

Swabbing

Time duration

FIG. 7.6 Swabbing method for shellac coating.
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storage, thus can potentially detect nutrient deficiency in edible plants. The antimicrobial 
properties of these nanomaterials enable them to be a food protectant. Commercial use of 
nanosensors has been reported to check storage conditions during food transport in refrig-
erated trucks for temperature control (Bouwmeester et al., 2009). A study developed by a 
disposable electrochemical sensor from shellac and graphite mixture for detection of sul-
famethoxazole in food samples. Sulfamethoxazole is a common metabolic residue in the 
food web. This sensor was made using a conductive ink formulated from shellac on a 
waterproof paper substrate with gelatin. This sensor had a recovery analysis of 91% and 
110% when used for water and milk samples. This study depicts an example of the use of 
shellac for developing nanosensors for use in the food industry (Melo Henrique et al., 2021).

7.8 Food safety and other applications

We can be exposed to nanoparticles from materials used in the food industry as they come 
in direct contact with our food, hence their safety assessment and toxicity testing is a very 
important field of study. Once these nanoparticles get absorbed by our digestive system, they 
may travel anywhere in the body and accumulate in various organs of the body, leading to 
potentially nanotoxicity. Food technologists and engineers are trying to improve the safety 
of our food and nanotechnology opens the door to a whole new array of products. Therefore, 
there is a need for better food safety standards; here nanotechnology can help in detecting 
these nanotoxins. As a result, the use of nanotechnology by the food and related industries 
is expected to increase significantly, impacting the food system at all stages from food pro-
duction to processing, packaging, transportation, storage, security, safety, and quality 
(Berekaa, 2015; Kessler, 2011).

7.9 Market potential of shellac in food safety and quality monitoring

According to the United Nations, approximately 1.3 billion tons of food is lost each year. 
Some estimates also suggest that a lot of food is lost during the postharvest phase which 
significantly impacts world hunger, hence reducing this loss is not just important economi-
cally, but morally too. According to the United Nations, it is also estimated that food produc-
tion will need to rise by 70% in the next few decades to compensate for the growing human 
population, but with postharvest loss prevention that percentage can become more attainable 
without destroying our natural resources. According to the UN Food and Agriculture Organ-
ization (FAO), main challenges that farmers and other postproduction agencies face are 
called major bottlenecks in the food industry (Fig. 7.7) (The future of food and agriculture, n.d.).

Major proportion of these identified challenges may be positively dealt by judicious 
market supply chain, transportation channel and real time monitoring of postharvest 
products. Apart from this effort, there is dire requirement of increasing the shelf life of the 
food product and smart packaging to address the cumulative bottleneck of the food/edible 
items industry. Practically, chemicals and preservatives are easy to apply and procure, but 
have a significant negative impact on the consumers health as well as the environment. 
Natural polymer and lipid membranes are the promising material to deal with the 
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perishability of the food items and also give value addition to the product. Shellac is one 
of the fundamentally suitable material which offers tremendous application to almost all 
the spectrum of food items, fruits, and vegetables. Also, the material possesses antimicro-
bial property which offers significant protection against fungus and bacteria alike. Moreo-
ver, shellac can be engineered with other existing edible polymers like zein, cellulose, 
starch, gelatine, aloe vera, etc. to enhance the shelf life of fruits and vegetables. Although, 
shellac is an ancient and one of the most studied material as a natural biopolymer, it has 
also gained good spotlight in recent years due to its potential contribution in sustainable 
future and human health. Recent trends in the area of shellac research show a paradigm 
shift in the publication as well as citations. (Fig. 7.8) shows representation of publication 

FIG. 7.7 Major bottlenecks in the food industry.

(A) (B)

FIG. 7.8 (A) Statics of recent 10-year research work on shellac and (B) statics of recent 10-year research work on 
shellac in the food industry.



148 7. Shellac: A natural lipid polymer for food safety and quality monitoring

Nanotechnology applications for food safety and quality monitoring

in the last 10 years along with its citation (source: www.webofscience.com). The empirical 
figures of the citation number show increment from 13 in the year 2012 to 1860 in the year 
2021. Also, if we consider the research trends in shellac in the food industry the figures 
noticeably increasing, where the citations of the works changes from 20 in the year 2013 
to 977 in the year 2021. There is no other natural material which offers this much increment 
in their research in the food industry and edible products.

Shellac, a designated GRAS and FDA (CFR—Code of Federal Regulations Title 21, n.d.) 
approved material has opened gates for enormous applications in the food, pharma, cosmetic 
industry, and many other industries (Fig. 7.9).

Shellac has a long history where it has been used directly or indirectly for the consumption 
as a food additives or in other form. From its use as medicinal component to bitterness 
masking in pharma drug to shelf-life enhancement of fruits, vegetables, and value addition 
of edible items, in all spectrum it has been a successful material. Statistically, applications of 
shellac used in the food industry in the last 10 years as an edible coating have occupied a 
share of 36.7% of research work, drug release have covered 11.4% of the share, while protec-
tive/preservative layer, nanoparticles and tensile strength enhancer have a total of 14.7% of 
share, these areas of research have been prevalent as depicted by research trends. Areas like 
edible coating, food safety, films, shelf life, shellac NPs, and food additives have shown novel 
and unique applicability. (Fig. 7.10A) shows various areas of research carried out in shellac, 
while (Fig. 7.10B) shows areas of research where shellac has been used as coating or film 
material like edible and composite coatings, food coatings for fruits and vegetables, storage 
packaging material, and shelf life extending coatings. (Fig. 7.10C) shows various applications 
of shellac nanoparticles in the food industry like shellac NP composites, xanthan–shellac 
NPs, thermally stable shellac NPs, and fabrication/characterization of shellac NPs for the 
food industry. (Fig. 7.10D) shows shellacs’ role in food safety and security major areas of 
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TABLE 7.2 Recent shellac-based patents in the food industry.

Patent Author Year

Edible protective coating Xiagdong Gan and Michael Mcnelly 2022
Shellac microcapsule formulations and compositions for topical 
intestinal delivery of vitamin b3

Karin Schwarz 2021

Enteric coating material Xú dù jiàn and Wángjūndé 2021

Coating layer for food, which comprises a chocolate and a shel-
lac layer

Yángméi, Zhānglìyuàn, Gǔ Bǎoyù, 
Yángxiǎochōng, Zhānghǎibīn, and 
Sūnyúnfēng

2021

System and method for manufacturing shellac floss Sherif Shawki Zaki Hindi 2021

Food-contactable super-hydrophobic coating Tang Yali and Liu Lingxue 2021

Cannabis delivery with protective glaze coating Stephen A. Santos, William E. Barrie and 
Karen M. Murphy

2020

Biocompatible lac nanoparticles Chén Dōng, Kǒnglínlín, Sūnzéyǒng, and 
Wáng Xíngzhèng

2020

Shellac and paclitaxel coated catheter balloons Michael Orlowsk 2019

Metal cans coated with shellac-containing coatings Amanda Ghantous, Christopher Most, 
and Robert McVay

2019

Shellac for increasing heat resistance of varnish, and 
modification method thereof

Yunnan Chu Shanyuan 2016

Solvent free shellac coating composition Margaret Mc Wheeny 2016

Polyesterification of shellac as an alternative coating material Lestari Hetalesi Saputri 2016

Cementitious system comprising accelerator particles coated 
with crosslinked shellac

Wolfgang Seidl 2016

Shellac-coated particles of active ingredients with controlled 
release properties at high pH-values, process for their manufac-
ture and use thereof

Wolfgang Seidl 2016

Shellac-based skin care lotion William E. Barrie 2015

research being in microbial contamination, risk assessment and food safety. Lastly, (Fig. 7.10E) 
shows shellac as food additive and shelf-life enhancer with major areas of work for apples, 
films, regulations, formations and combined polymers.

7.10 Commercial presence of shellac

Shellac-based patents have gained wide attention and applicability in the market. Shellac has 
seen applicability as edible protective coatings with more than 50% of patents filed in this 
area, drug encapsulation material, and maskant patents comprising of 25%, while dental 
material, wood varnish, stimuli responsive release materials, skin care material, taste enhanc-
ing additives, and sanitization liquid component having significant patents as well. This 
depicts a trend in new products using shellac as the main compositional material toward 
coatings and drug delivery/maskants (Table 7.2). Table 7.2 is a symbolic representation of 
the presence of shellac-based material in the food industry and edible product line. The pres-
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Patent Author Year

Shellac as taste improver for food and drink Daisuke Mori, Wen Kashima, and 
Yutaka Kashima

2015

Edible food coating using starch–polyol and a shellac-
containing layer

Koichi Murayama, Yoshihiro Komoda, 
Daisuke Mori, and Yutaka Kashima

2015

Shellac enteric coatings Charles A. Signorino, Terry L. Smith, 
and Stephen Levine

2011

Stable shellac enteric coating formulation for nutraceutical 
and pharmaceutical dosage forms

Thomas Durig and Yuda Zong 2011

Sprayable hand cleaner made of edible shellac and micelle 
surfactants

Michelle Diaz 2010

ence of this material over the wide spectrum of nutraceutical to pharmaceutical, from fruit/
vegetable to confectionary items, from taste masking to smart sensor offers huge market 
potential in the coming years.

7.11 Scopes and future application

Shellac is a useful commodity, whose origin is in the Indian subcontinent and South–North Asia. 
It is a biological commodity, and it has a positive effect on nature, so it is important and beneficial. 
With the rise in the application of shellac across the various industrial sectors its quality estima-
tion and instrumentation to maximize its production may also accelerate. The role of shellac-
based materials in edible smart sensor research due to its nontoxic nature and green packaging 
products due to its natural origin is most explored area of this material in the recent past. The 
material also offers huge potential in taste masking due to its chemical nature and availability 
of plenty of functional group. Also, the material offer tremendous compatibility toward polymers 
of natural origin and chemically synthesized ones. Hence, it is not wrong to mention it as a natu-
rally available material which can be engineered to be explored for a plethora of applications.
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