
Review Article
Intelligent pH Indicative Film from Plant-Based Extract for
Active Biodegradable Smart Food Packing

Kumaran Subramanian ,1,2 Harinakshi Logaraj,2 V. Ramesh,2 Mahendrakumar Mani,3

K. Balakrishnan,4 Harshni Selvaraj ,5 Sampath Renuga Pugazhvendan,6,7

S. Velmurugan ,8 and Wilson Aruni9

1Centre for Drug Discovery and Development, Sathyabama Institute of Science and Technology, Chennai, Tamil Nadu, India
2Department of Biotechnology, School of Bio and Chemical Engineering, Sathyabama Institute of Science and Technology, Chennai,
Tamil Nadu, India
3Department of Biotechnology, Guru Nanak College (Autonomous), Velachery, Chennai, Tamil Nadu, India
4Department of Zoology, Government Art’s College (A), Karur, Tamil Nadu, India
5Department of Mechanical and Process Engineering, Hochschule Offenburg, Offenburg University, Germany
6Department of Zoology, Annamalai University, Tamil Nadu 608002, India
7Department of Zoology, Arignar Anna Govt Art’s College Cheyyar, Tamil Nadu, India
8Department of Biology, School of Natural Science, Madda Walabu University, Oromiya Region, Ethiopia
9AMITY University Mumbai, Maharashtra, India

Correspondence should be addressed to Kumaran Subramanian; kumarans.cddd@sathyabama.ac.in
and S. Velmurugan; velkas.cas@gmail.com

Received 16 November 2021; Accepted 7 January 2022; Published 12 February 2022

Academic Editor: Karuppiah Ponmurugan

Copyright © 2022 Kumaran Subramanian et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Biodegradable biopolymers have been developed in response to the growing environmental concern over plastic
packaging disposal. The emergence of active and intelligent packaging systems to monitor the quality of packed food is further
necessitated by consumer demand and health concerns. Chemical dyes, on the other hand, are not ideal for use as an indicator
in smart packaging for food due to their high toxicity and negative impacts on human health and the environment. As a
result, the researchers are concentrating on natural pigments produced from plants and food waste as a signaling component
in biodegradable packaging as well as the valorization of food waste. This review is focused on the advancement of active
packaging from plant pigments.

1. Hydrogel

Hydrogels are defined as hydrophilic, three-dimensional
polymers crossed along a correlated absorption interval of
10 g/g [1]. The hydrogel has a wide demand in various sec-
tors such as agriculture [2], drug discovery, and water puri-
fication [3, 4]. Bashir et al. were the first to write on the use
of hydrogels in 1960 [5]. Hydrogel could be a three-
dimensional chemical compound structure that swells once
exposed to water and includes valency bonds fashioned by
the reaction of 1 or additional monomers, attachment bonds

like van der Waals interactions, and chemical element bonds
between chains. Hydrogels could take the shape of rigid
formed forms (soft contact lenses), iron-based powder (pills
or tablets for oral ingestion), small particles (as bioadhesive
carriers or wound treatment), coatings (on implants or cath-
eters), membranes or sheets, and encapsulated solids and
liquids [6].

The analysis is based on making a food packaging film
developed with property and perishable materials. As a
result, poly(vinyl alcohol) (PVA) is replaced by chitosan
(CS) in the packaging film. What is more, anthocyanin
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(ATH), a food colorant widely used and extracted from red
cabbage during this analysis, is more to the forged film for
acclimatization [7].

Chitosan (CS) is a natural polymer derived from chitin
and is abundant in crab and shrimp shells [8]. Due to the
significant amino and hydroxyl functional groups in
chitosan, it has unique traits such as polycationic nature,
chelating properties, and film-forming potential. It shows
different biological activities as antimicrobial activity, biode-
gradability, etc. [8]. For further processing of polymer films,
chitosan is often blended with other polymers with more
versatile chains, such as poly(vinyl alcohol) (PVA) [9].

PVA is an emulsifiable nontoxic synthetic polymer of
elasticity and high tensile strength and resilience, as well as
low gas permeability, such as O2 and CO2. At extreme tem-
peratures, PVA can have mild water solubility [10]. Due to
its excellent film-forming properties, PVA has been widely
used in application as thin films, such as food packaging
and medicinal application. Anthocyanins are water-soluble
pigments found in a variety of plants, including red cabbage,
blueberries, eggplants, and flowers. Depending on the pH
values, they may use it as a color indicator. It obtained from
red cabbage in particular and can range from red to purple
and to blue at various pH values [11, 12]. It makes it easier
to identify the food quality in terms of pH. To increase the
mechanical strength of cast film cross-linking substances
such as sodium tripolyphosphate (STPP), glyoxal and glutar-
aldehyde must be added during the processing of thin poly-
mer films.

pH indicative films were successfully synthesized from
hydrogels made by combining 1% poly(vinyl alcohol)
(PVA) and 1% chitosan (CS) with anthocyanin (ATH) and
sodium tripolyphosphate in this sample (STTP). To improve
the mechanical properties of the cast films, ATH extracted
from red cabbage was used as the pH indicator, and STTP
was used as the cross-linking agent. The presence of the
ATH in the cast films was verified by FTIR spectra. The cast
film tensile strength, elongation-at-break, and swelling indi-
ces were also determined. The compositions of PVA/CS and
the STPP dosage applied in the hydrogels had a significant
impact on the properties of pH indicative films. If 35 percent
of the PVA hydrogel was replaced with CS, the tensile
strength of a film cast from pure PVA hydrogel could drop
from 43.27MPa to 29.89MPa. The cast films were used as
a food wrap that could be used to visually track the consis-
tency of the enwrapped food by changing color as the pH
values of the enwrapped food change. In practice, a sequen-
tial shift in color on the pH suggestive films partially
enwrapping the pork belly was successfully observed, signal-
ing the meat’s spoilage [7].

2. Polymer-Based pH Sensitivity

pH-sensitive polymers are polyelectrolytes with weak acidic
or basic groups in their structure that accept or release pro-
tons in response to changes in pH. These acidic or basic
polyelectrolyte groups can be ionized in the same way as
the acidic or basic groups of monoacids or monobasic; how-
ever, complete ionization of these structures is more difficult

due to their larger size to the electrostatic effects of other
nearby ionized groups. It does not contain acid or low acid,
i.e., carboxylic, or basic, i.e., ammonia. In response to the pH
of the environment, these release protons or accept free pro-
tons. Under these pH conditions, the functional groups pre-
sented along the backbone and side chains ionized, causing
the polymer to swell or dissolve [13]. pH-sensitive anionic
polymers are formed on PAA or their derivatives. These sys-
tems typically produce anionically charged fractions at pH
levels above their pKa, which may attract positively charged
therapeutic agents [14].

Polymers that respond to pH can be linear, branched, or
networked. Depending on their systems, they can have dif-
ferent responses to solution conditions and different self-
assembly behaviors. pH change induces deswelling in hydro-
gel and dendrimer-like structures. Surface modified with
polymers allows for the creation of ionic surface and thin/
thick layers as a result of pH changes. pH modifications
cause changes in polymers of various architectures [15].
These pH-sensitive polymeric systems’ intelligent properties
are appealing for application in life sciences and the chemi-
cal industry, with possible applications in managed drug
delivery, personal care, industrial coatings, oil exploration,
and water remediation, among others [16].

Several popular polymerization methods can be used to
make pH-sensitive polymers. Depending on the form of
polymerization, functional groups need to be prevented
from reacting. The masking is often removed to revive poly-
merization to restore pH-sensitive functionality. Because of
the molecular weight distribution, living polymerization is
commonly used to create pH-sensitive polymers. Some
examples include group transfer polymerization (GTP),
atom transfer radical polymerization (ATRP), and reversible
addition-fragmentation chain transfer (RAFT). Graft poly-
mers, which have a backbone with branches, are a common
form of synthesis. The branch structure can be modified to
achieve various properties [15].

3. Food Packing

Food packaging is one of the most important aspects of a
commodity from the consumer’s viewpoint as well as one
of the most important in modern commercial trade [17,
18] since it ensures food quality and protection, aids in
transportation, allows safe storage, avoids product harm
and loss, reduces economic losses, aids in product market-
ing, and indirectly preserves consumer’s health [19]. The
typical and traditional food packaging, which is comprised
of petroleum compounds, is a safe device. It protects the
food product from microbial/physicochemical deterioration,
as well as ambient conditions and external stimuli, extending
its shelf life [20].

Biopolymers such as proteins, polysaccharides, and their
derivatives are natural polymers that degrade in the environ-
ment as a result of natural physical, chemical, and biological
processes especially microorganism metabolism. It could be
separated by a variety of natural resources. Plant-based poly-
saccharides such as chitosan, starch, cellulose, alginate, agar,
carrageenan, pectin, and various gums are commonly used
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[21, 22]. While one of the functions of food packaging is to
ensure food quality and safety, modern packaging must also
notify the customer about food quality and sustainability for
consumption. Several smart packaging systems based on col-
orimetric indicators will provide consumers with real-time
quality monitoring for food items through quality sensors/
indicators for this reason of nowadays vast development [23].

Due to their low nontoxicity, eco-friendliness, easy prep-
aration, biodegradability, low cost, availability, sustainability,
and pollution-free properties, smart packaging based on nat-
ural colors and biodegradable films has recently emerged as
an attractive alternative for use in food packaging among
various indicators’ and sensors’ freshness applied in food
systems. These natural colorants embedded in the biopoly-
meric film matrix appear to change color as the physiologi-
cal condition of the food change during spoilage, thereby
informing the customer of the packaged food’s consistency
and suitability for consumption. [24]

4. Plant Pigment

Pigments are found in every organism in the world, and
plants are the major producers; therefore, pigments are
responsible for the colors we see every day. Leaves, fruits,
vegetables, and flowers, as well as the skin, eyes, and other
animal tissues, as well as germs and fungus, contain them
(Figure 1). Medicines, foods, clothing, furniture, cosmetics,
and other products employ natural and synthetic pigments
[25]. Pigments are chemical substances that absorb light in
the visible wavelength range. The color is produced by a
molecule-specific structure called a chromophore. This
structure absorbs the energy, causing an electron to jump
from an exterior orbital to a higher orbital. The nonabsorbed
energy is reflected and/or refracted to be captured by the eye,
and the resulting neural impulses are transferred to the
brain, where they can be interpreted as a color [26].

Natural, synthetic, and inorganic pigments are classed
according to their origin. Living species such as plants, ani-
mals, fungi, and bacteria produce natural pigments.
Laboratory-made synthetic pigments are available. Organic
pigments, both natural and manmade, are organic sub-
stances. Inorganic pigments are present in nature or can be
made synthetically [27]. To give the desired functional qual-
ities of a pH indicator, natural colors such as anthocyanins
can be incorporated to biodegradable starch films. Anthocy-
anins are secondary metabolites found in a wide range of
fruits and vegetables (e.g., red cabbage, sweet potato, bean
husk, and grapes), making them a viable source of natural
pH indicators [28].

5. Red Cabbage Pigment

The red cabbage (Brassica oleracea L. var. capitata F. rubra)
is such a cabbage, which is recognized by its shading. The
leaf of the red cabbage is more somewhat blue-purple versus
red tone and is orbicular and firmly wrapped with waxy
leaves. Red cabbage is currently developed and exchanged
universally as a colorant in the food business; notwithstand-

ing, it has been utilized for restorative purposes [29]. The red
cabbage was mixed with phinolic content with antocyanins
are the significant properties [30]. Anthocyanins can be
delivered via the phenylpropanoid pathway and are classi-
fied as a flavonoid of class [31]. Red cabbage is a rich birth-
place of anthocyanins, which can use for common tinge. Its
tone is pH-subordinate which is red to blur tone over an
expansive pH range [32]. There are 24 different types of
anthocyanins in red cabbage, as well as sweet-smelling and
aliphatic acids [33].

Antihypertensive, cancer prevention agent limit, hepato-
protective, and antihyperglycemic effects are some of the
physiological properties of anthocyanins [34]. Red cabbage’s
most common anthocyanin is cyanidin-3-diglucoside-5-glu-
coside, which can be nonacylated, monoacylated, or diacy-
lated with caffeic, p-coumaric, sialic, and ferulic acids [35].
Anthocyanins are the most abundant water-soluble color-
ants, responsible for the blue, purple, and red hues found
in many blooms and plant leafy foods. In this approach,
red cabbage could be used as a distinctive colorant in the
food industry [36].

Red cabbage is abundant in minerals, nutrients, oligosac-
charides, and bioactive chemicals such anthocyanins, flavo-
nols, and glucosinolates, all of which are beneficial [37].
Crimson cabbage is also valued by buyers for its flavour
and as a source of a deep red color that enhances the food’s
taste. As a result, red cabbage is a popular and frequently
used vegetable as a fresh cut portion of mixed greens. Simi-
larly, red cabbage is characterized by a lengthy period of
usage, implying that it might be easily stored and available
in a new structure for the duration of the year [38].

6. Pigment, Gel, and Film

Red cabbage (Brassica oleracea L.) is a palatable source of
anthocyanins with a high content and prospective produc-
tion per unit area [39]. Anthocyanin removal from red cab-
bage is known to result in high levels of mono- or diacylated
cyanidin anthocyanins [40]. Anthocyanin type and acylation
are two important factors that determine their shading

Plant pigments
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Figure 1: Types of plant pigments.
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properties at different pH levels [41]. Because of the pH of
the environment, red cabbage anthocyanin concentrates
can display a wide spectrum of shading from orange to red
to purple and blue due to its anthocyanin structures. Antho-
cyanin acylation affects their cancer-preventive qualities as
well as their food strength [42]. Anthocyanins make up
the largest group of water-soluble colorants and are
responsible for the blue, purple, and red hues found in
many soil-borne flowering plant products. Red cabbage
could be used as a flavouring agent in food production
and as a pH indicator [43].

Because of the arrangement of covalent bonds, ionic
communication, hydrogel holding, and hydrophobic con-
nections, three-dimensional organizations of hydrophilic
polymers in hydrogels stood out towards the fuse of a
greater number of medications for their application in
lethargic maintained and controlled medication conveyance
[44]. Chitosan (CS) is a characteristic polymer got from chi-
tin and discovered richly in the shells of crabs and shrimps
[8]. Chitosan is not generally best in polymer handling for
film creation attributable to its mediocre mechanical prop-
erties like lower elasticity, less lengthening-at-break, and
Young’s modulus. Poly(vinyl alcohol) (PVA) is a water-
dissolvable biodegradable engineered polymer with huge
pliable strength, and the composites mixed with PVA and
chitosan are known to have improved steadiness, biocom-
patibility, and mechanical strength, comparative with those
of unadulterated PVA and unadulterated CS polymers [45].

Dissolvable projecting and hot softened expulsion are
presently two of the most prominently applied preparing
strategies for the creation of polymer flimsy movies. The
hot liquefy expulsion measure regularly requires the contri-
bution of high energy, for example, mechanical energy as
extremely high shear pressure as well as nuclear power, to
guarantee the prepared polymer in the softened state. In that
capacity, this technique is not appropriate for preparing a
polymer with heat and additionally shear delicate particles.
Conversely, dissolvable projecting is the prevalent technique
for assembling films containing temperature-delicate fixings,
for example, anthocyanin, because the temperature needed
to vanish the dissolvable is regularly lower than the cycle
temperature of the hot liquefy expulsion [46].

7. Food Packing-pH Film

In recent years, public concern over the disposal of tradi-
tional synthetic plastics has grown, particularly when the
entire time of deterioration is long. As a result, biodegrad-
able film research has seen a boom in interest. Many stud-
ies investigated biodegradable films, such as edible films
and coatings manufactured from edible ingredients, in
the hopes of increasing food quality and extending shelf
life [47]. Chitosan is a natural cationic polysaccharide
and a diacylated chitin derivative derived primarily from
shellfish processing waste. Chitosan has antimicrobial
properties, which means it can stop fungi, yeast, and bac-
teria from growing. Chitosan film has been discovered to
have high mechanical strength, flexibility, biodegradability,
and antibacterial properties [48].

The food industry has invested in smart packaging in
shelf in response to customer demand for fresher items with
a longer shelf life (Figure 2). The packaging smart with pH
indicators was created with the aim of encouraging a delib-
erate relationship between food and packaging in order to
improve quality characteristics [49]. As it is understood that
food deterioration is linked to pH changes in the product,
consumers can detect these changes in the food by simply
adjusting the color of the packaging [50].

Since plastic is commonly used in many applications,
including food packaging, the development of pH indicator
packaging can come from either fossil or renewable sources.
Plastic, on the other hand, has a detrimental effect on the cli-
mate because it pollutes the environment and is not biode-
gradable plastics using starch, alginate, and natural fibers,
for example, which can be used as food coatings due to their
degradable properties and conservation ability and is a revo-
lutionary solution to this problem aimed at environmental
preservation and partial replacement of traditional polymers
derived from crude oil [51].

Haghighi et al. [51] explained that the recent sharp rise in
exposure to environmental concern arising from plastic pack-
aging has sparked interest in more environmentally friendly
packaging materials. This latest trend encourages the com-
mercialization of information through the use of chitosan-
based films. Because of its unusual biological and functional
properties, chitosan has been extensively researched and used.
However, inherent flaws such as a low mechanical properties
and high susceptibility to humidity restrict its industrial appli-
cations, which include food packaging. The scientific literature
addressing chitosan-based films for their potential application
in the food packaging industry has been extensively reviewed
in the current research. The paper summarizes the various
techniques used to resolve inherent flaws in chitosan-based
films and enhance their properties, with a focus on blending
with natural and synthetic biopolymers [52].

Wang et al. explained that chitosan and poly(vinyl alco-
hol) (PVA) were used to create a semi-interpenetrating poly-
meric network that was cross-linked with glutaraldehyde.
The chitosan had a molecular weight of 612 kDa and a
degree of deacetylation of 72 percent, respectively. The
chemical bonds formed by cross-linking reaction were inves-
tigated, as well as their transformation in different pH
media. The mechanical properties of the hydrogel and the
gelatin property of the chitosan-PVA gel solution were
investigated. The formation of Schiff’s base (C=N) and –
NH3+ was suggested by the FTIR spectra of the hydrogel
before and after swelling at pH 3 and pH 7. They also dem-
onstrated the pH-induced transformation of C=N to C-N
and –NH3+ to –NH2, as well as the Schiff’s base instability.
The chitosan is required from hydrogel formation due to the
Schiff’s base reaction between the chitosan amino groups
and the glutaraldehyde aldehyde groups. The addition of
PVA enhanced the hydrogel’s mechanical properties. PVA,
on the other hand, appears to leach out in the acidic medium
during longer swelling periods due to hydrolysis of the gel
networks, Schiff’s foundation [53].

Alizadeh-Sani et al. clarified that the new ascent in famil-
iarity with safe food and changing buyer perspectives has
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acquired development bundling innovation. Customers are
progressively requesting common food colorants like carot-
enoids, betadine, anthocyanins, and chlorophylls instead of
engineered colors for food applications. Accordingly, shrewd
bundling dependent on characteristic colorants and biopoly-
mers has been presented as the most recent innovation in
the food bundling field. Keen items shield food from natural
risks, yet additionally convey ongoing messages (colorimet-
ric, synthetic, or electrical) to shoppers for changes in the
bundling climate and food quality [21].

Carvalho et al. explained that anthocyanin shades are
appropriate as regular colors for food, makeup, and dietary
enhancements, because of the interest for better items and
their cancer prevention agent properties. This work meant
to extricate the anthocyanin colors from red cabbage and
its partition of the arrangement by adsorption activity onto
chitosan films. The anthocyanins were extricated from red
cabbage in hot water at 90°C by 15min. Chitosan was got
from shrimp waste, and its films were created by projecting
procedure (rigidity of 25:1 ± 1:9MPa, stretching of 10 ± 3:5
%, and thickness of 103:1 ± 1:3 μm). The anthocyanin
adsorption tests were acted in cluster, and the most notewor-
thy adsorption limit was around 140mg g-1 [30].

Pereira and colleagues elaborate on this food packaging
with time-temperature indicators as one of the so-called
intelligent packages. They use a gadget that monitors the
state of food in real time, demonstrating the overall impact
of temperature on food quality. The goal of this study was
to develop and characterize a temporal temperature indica-
tor (TTI) based on a PVA/chitosan polymeric doped with
anthocyanins that may be utilized to detect changes in the
pH of packaged foods exposed to incorrect storage tempera-
tures. To manufacture the TTI, chitosan, PVA, and anthocy-
anins were taken from Brassica oleracea var. capitata (red
cabbage).TG-DSC, FTIR, UV-Vis, and swelling index (Si)
methods were used to describe the TTI. The color variance
following activation by various pH values was calculated
using the CIELAB scale. The mechanical parameters of the
TTI were determined using stress/strain tests. Despite hav-
ing a lower modulus of elasticity than commercial polymers
used in food packaging, the produced TTI has physicochem-

ical qualities that make it desirable for use in intelligent food
packaging. An activation test on pasteurised milk with obvi-
ous changes in the coloring of the film, which is crucial for
signaling to consumers that the food has been subjected to
changes in its chemical composition, is supported by the
TTI shown here [54].

Castillo et al. explained that chitosan and starch are bio-
degradable polymers with excellent film-forming capabilities
and a wide range of food-related applications, including
active and smart packaging that can track and inform cus-
tomers about food conditions in real time. As a result, we
provide a pH monitoring system based on chitosan, corn,
starch, and red cabbage extract, all of which are inexpensive
and renewable. Cornstarch, a medium-molecular-weight
chitosan, and Brassica oleracea var. capitata phytochemical
extract (red cabbage), TG-DSC, FTIR, water vapour trans-
mission rate, and light microscopy were used to characterize
the device. The color variance following activation in various
pH ranges was calculated using the CIELAB approach. To
confirm the device’s utility as a fish spoilage detection sen-
sor, application tests using fish fillets were conducted. The
gadget exhibits strong optical and morphological features,
as well as being particularly sensitive to pH changes, accord-
ing to these findings. During the application test, the equip-
ment visually displayed pH changes. As a result, the system
responds quickly to changes in sample pH. As a result, it
might be utilized as a visual indicator of how food is stored
and consumed [55].

Balbinot-Alfaro et al. said intelligent packaging can emit
a signal (electric, colorimetric, etc.) in real time in
response to any improvement in the initial packaging con-
ditions and food quality, in addition to acting as a food
safety barrier. The colorimetric sensor in pH indicators
or pH sensors is normally made up of two parts: a solid
base and a dye that are sensitive to pH change. The dyes
are derived from a variety of fruits and vegetables, as well
as synthetics. The pH of food changes at the start of the
degradation process; this transition is one of the measures
of product quality. Packaging with a pH indicator is a
safety measure that can signify the consistency of the food
at the time of purchase prior to consumption. The aim of
this research is to improve the characteristics and applica-
bility of this indicator. This review paper includes the
studies on pigments, polymers, food, and packaging solu-
tion, as well as an overview of the materials/technologies
used in the production and the perspectives/challenges
that this new technology brings [24].

Hydrogels consisting of cellulose are hydrophilic mate-
rials that can absorb and hold a considerable quantity of
water in their interstitial locations. They contain a variety
of organic biopolymers such as cellulose, chitin, and chito-
san. These polymers exhibit a wide range of outstanding fea-
tures, including reactivity to pH, time, temperature,
chemical species, and biological circumstances, as well as a
high propensity to absorb water. Biopolymer hydrogels can
be modified and created for a wide range of uses, prompting
a recent increase in scientific research. Researchers all over
the world are focused on naturally generated hydrogels in
response to increasing environmental challenges and

Packaging film

pH indicator

Ph dependent colour change

Figure 2: pH-dependent color change of food material.

5Journal of Nanomaterials



demand because of their biocompatibility, biodegradability,
and availability. Biocompatible materials, such as cellulose
hydrogels, can be utilized in medical devices to treat, com-
plement, or replace any tissue, organ, or biological function.
These hydrogels could be employed in agriculture, as smart
materials, and in a variety of other applications. This review
summarizes recent and ongoing research on the physio-
chemical properties of cellulose-based hydrogels, as well as
their uses in biomedical fields like drug delivery, tissue engi-
neering, and wound healing, healthcare and hygienic prod-
ucts, agriculture, textiles, and industrial applications as
smart materials [56].

Fernandez et al. explain that red cabbage is a vegetable
known for its enriched bioactive constituents. Generally,
among the population, it is used as an ingredient in raw
salads or coleslaws, pickle, and boiled and steamed dishes
for its impact on human health and low calories and high
fiber composition. It is widely used in food production to
improve the aesthetic value of food and to provide health
benefits as a natural colorant in drinks, candies, and gums.
It has many health benefits, including protection against
cancer and diabetes, as well as strengthening the immune
system, aiding in body detoxification, promoting weight loss,
improving skin, reducing inflammation, and relieving con-
stipation. Red cabbage’s antioxidant content aids in the pre-
vention of chronic illness and the treatment of conditions
such as Alzheimer’s and depression. This paper examines
the scientific approach to red cabbage as well as its pharma-
cological function [57].

8. Nanomaterial Food Packaging

From better packaging material with improved mechanical
strength, barrier properties, and antimicrobial films to nano-
sensing for pathogen detection and alerting consumers to
the safety status of food, nano-based “smart” and “active”
food packaging offer several advantages over traditional
packaging methods.

Nanoparticles are not just employed in antimicrobial
food packaging; nanocomposite and nanolaminates have
also been used in food packaging to create a barrier against
high temperature and mechanical shock, hence prolonging
food shelf life. Incorporating nanoparticles into packaging
materials provides high-quality food with a longer shelf life.
Polymer composites were developed to provide more
mechanical and thermostable packing materials. In order
to improve polymer composites, a variety of inorganic and
organic fillers are used.

9. Conclusion

The active and intelligent packaging materials develop in the
search of environment-friendly packaging solutions. In
recent years, extensive research into the creation of novel
active packaging technologies with natural pigments has
resulted in a wide range of active packaging systems that
can be used to increase the shelf life of food products.
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