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Abstract

Purpose of Review Dietary consumption of prebiotics, probiotics, and synbiotics has been suggested to improve human
health conditions. Functional food products containing live probiotics are flourishing, and their demand seems to be increas-
ing since consumers are more aware of the health benefits of such products. However, specific food packaging is needed to
maintain the viability and stability of these products, hence, necessitating advanced technology and processing. This study
intends to give academics and industry an overview of food packaging evaluations that concentrate on prebiotics, probiotics,
and synbiotics for consumers to gain a wide and clear image.

Recent Findings This review provides recent findings from the consumer point of view on the prebiotics, probiotics, or synbi-
otics incorporated in food packaging based on consumer behavior models. Additionally, various obstacles in the preparation
of packing film or coating added with biotics are identified and described. The health benefits of prebiotics-, probiotics-, or
synbiotics-containing edible film or coating are also discussed. Future works needed to excel in the preparation and potential
of packaging film or coatings with biotics are provided.

Summary The development of prebiotics, probiotics, and synbiotics in food packaging is discussed in this study from the
consumer’s point of view. With this review, it is hoped to be able to provide precise recommendations for the future develop-

ment of food packaging that will promote the growth of the food business.

Keywords Functional food - Consumer behavior models - Health benefits - Packaging film - Coating

Introduction

People are becoming much more conscious of the medici-
nal benefits of various types of foods like probiotics, prebi-
otics, and synbiotics [1]. Consumer awareness about the
importance of diet in maintaining good health has led to
an increased market for synbiotic food classes. Due to the
widespread usage of antibiotics and bacterial resistance, as
well as the interest in ecological approaches in the manage-
ment of diseases, probiotics, prebiotics, and synbiotics are
exciting research areas [2]. Probiotics are described as liv-
ing bacteria that, when taken in appropriate quantities, pro-
vide positive health effects on the host [3]. Their functions
encompass counteracting local immunologic dysfunction,
stabilizing the intestinal barrier function, and preventing
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a succession of pathogenic microorganisms. However, the
production of more advanced synbiotics at affordable prices
for the food industry requires extensive innovation in manu-
facturing technology. In short, the growing public awareness
of the significance of probiotics, prebiotics, and synbiotics
in food and the body, as well as the connection between diet
and health, is encouraging the development of functional
food products and packaging and the increasing popularity
of pre-, pro-, or synbiotics among global consumers.

Many researchers recognize that probiotics can be deliv-
ered through foods. Therefore, probiotics can have beneficial
effects when added to supplements and foods [4-7]. Since
more and more bacteria are being discovered with health
benefits, a growing interest is being expressed in devel-
oping new foods. The survival of living bacteria relies on
their environment since they often require strict nutrition
requirements. For instance, prebiotics are non-digestible
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carbohydrates selectively fermented to stimulate bacteria
in the intestines [8]. Because of an absence of appropriate
microflora, the upper part of the gastrointestinal tract pro-
vides resistance to their digestibility. However, once they
reach the large intestine, the microbes present there degrade
them and extract the nutrients needed for their survival
[9]. A small portion of carbohydrates also escapes, which
serves as a nutrient for nearby bacteria. Thus, the vital gut
microbiota contributes to the health of gastrointestinal cells
by stimulating the blood flow within these cells [10]. Rec-
ognizing the importance of probiotics to the human body,
an increasing number of consumers are seeking functional
foods for their substantial health benefits, as evidenced by
their current purchasing patterns [11, 12].

Since their inception, synbiotics, probiotics, and prebiot-
ics have received a lot of attention. This is most likely due
to the fact that when customers consume synbiotic foods,
their bodily health can be maintained and even improved
[13]. Moreover, health-based fermented foods contain highly
effective strains of probiotic bacteria, and prebiotic com-
pounds have been synthesized [14]. Scientists are research-
ing affordable fermenting techniques for enhancing the syn-
biotic health benefits of novel and creative fermented foods.
Microencapsulation is promising for producing innovative
functional foods. Current findings emphasize the challenges
of microencapsulation of probiotic cells and the variety of
food systems used to manage carrier foods [15]. The micro-
biome of the human intestinal tract plays a vital role in
improving nutrient absorption and promoting human health.
During bio-fermentation, gut microorganisms transform a
variety of dietary nutrients into compounds such as vitamins,
organic acids, and short-chain fatty acids [16]. Accordingly,
an optimal equilibrium between the intestinal microflora and
the occupant is needed. This equilibrium may be disturbed
depending on factors such as eating habits, medicines, stress,
and other lifestyle elements, contributing to the spread of
infectious species [14]. Several gut diseases may result,
including colon cancer and chronic bowel disease. Conse-
quently, preserving or even improving standard gastrointes-
tinal microbiology may be achieved by understanding gut
microbiota and its dynamics [17]. To modulate the target
gastrointestinal microflora balance, prebiotics, probiotics,
and synbiotics have been developed [18].

Given the importance of probiotics and prebiotics to the
health of consumers, control and prevention measures are
necessary to ensure that the probiotic and prebiotic con-
tent of food remains safe. This is due to the presence of
potentially harmful factors during food processing, such
as mechanical processing, heat, acid, and osmotic pressure
[19]. In addition, the storage procedure involves the transfer
of moisture and oxygen, which might result in an inappro-
priate distribution of probiotic cells, which are exposed to
low pH and bile in the digestive system [19]. To address this

@ Springer

problem, one of the newest ways (packaging) to keep the
number of microorganisms at the recommended dose has
been introduced; this method involves putting live cells in a
low-humidity bed [20ee]. In a novel strategy, probiotics may
be included in edible film and coatings comprised of natural
polymers and thin layers of plastic [21-25].

Consumers understand that health is the most important
consideration in the food and packaging system, but they are
also becoming more concerned about environmental fac-
tors [20ee]. As a result, numerous environmentally friendly
packaging technologies, such as biopolymer packaging,
have arisen to prevent food from spoiling and increase its
quality by shielding it from gases and moisture [20ee].
Also, the combination of prebiotics and probiotics, which
is often called “synbiotics,” is being used more and more
in food packaging systems because it can carry bioactive
compounds like vitamins, enzymes, and antioxidants and
eventually release them into food products [26-28]. Fur-
thermore, there are an increasing number of food packaging
solutions, such as coatings that may be consumed with the
food [29]. With more sophisticated food packaging technol-
ogy and consumers becoming more conscious of food safety,
this review provides a consumer viewpoint on prebiotics,
probiotics, or synbiotics included in food items and food
packaging based on consumer behavior models for food
packaging development.

Bearing in mind the aims, several factors connected to the
development of more advanced food packaging technolo-
gies and consumers who are increasingly cognizant of food
safety; this review intends to present a customer point of
view about prebiotics, probiotics, or synbiotics incorporated
in food and food packaging. This study will also consider-
ably assist stakeholders and policymakers in linked sectors
in gaining direction and a clear image of the future of food
packaging that customers really desire. Furthermore, this
study will assist researchers in determining current advance-
ments, trends, and gaps in the development of food packag-
ing in order to generate an idea for future research that may
be created.

Prebiotics, Probiotics, and Synbiotics
in the Food Industry

Prebiotic

Gibson and Roberfroid [30] defined a prebiotic as a non-
digestible food substance that favorably influences the host
by enhancing the growth and function of one or a specific
number of bacteria in the colon. In addition, prebiotics are
classified as unviable food substances that provide a health
impact on the host due to influencing the microbiome [31].
It has been scientifically proven that prebiotics are effective
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dietary supplements for regulating the proliferation and
function of particular bacteria in the colon, having benefi-
cial health effects. Prebiotics are believed to play a selective
role in the microbial community contributing to improved
health of the host. Consequently, a compound is deemed
prebiotic if it exhibits the following characteristics: indigest-
ibility and fermentation resistance due to microbiota in the
large intestine and a particular effect of the microbiome. So
long as prebiotics and other low-digestible carbohydrates
are not metabolized, they possess an osmotic effect in the
gastrointestinal tract when the endogenous bacteria ferment
them. Two factors play a role in the prebiotic, or rather bifi-
dogenic, effects: the kind of prebiotic and the amount of bifi-
dobacterial present in the host [32]. The common prebiotic
compounds are classified in Fig. 1. Prebiotic compounds are
derived from plants, vegetables, fruits, milk, etc., and have
properties similar to dietary fibers [33].

Probiotics

Probiotics are considered to be living microorganisms (such
as yeast and lactic acid bacterium) that have a beneficial
influence on the host’s health [34]. It is important to note
that strain-specific health benefits do not apply to species or
genera. In addition to being beneficial for human nutrition,
probiotics produce bactericidal compounds like bacteriocins,
adhere to human intestinal cells, and populate the colon.
By metabolizing carbs and sugars, microorganisms support

Fig. 1 Common classification of
prebiotic compounds includes
carbohydrates, phytochemicals,
and others

Carbohydrates

Polysaccharides
(Hemicellulose,
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the digestive process by enhancing immunity, ensuring opti-
mal gastrointestinal acidity, and efficiently interacting with
pathogens [35]. It has been demonstrated that several strains
of probiotics have modulated the microflora in the intestine
to reduce the duration and frequency of diarrhea caused by
rotaviruses [36]. Ingestion of probiotic foods can have non-
specific effects, such as decreasing gut leakage, stimulating
mucin production, suppressing pathogens, promoting natural
killer cells, and activating macrophages. Adaptive immune
system production of antibodies can be increased by pro-
ducing cytokines and other regulatory elements. Probiotics
are typically available as foods or medications. Pediococ-
cus, Leuconostoc, and Lactobacillus species have played an
essential role in food preservation during human evolution,
and consumption of foods containing living or dead micro-
organisms and their byproducts has been ongoing for a long
time [37]. Commonly used probiotics include Bifidobacte-
ria, Lactobacilli, and certain harmless bacteria specifically
originating from humans, which benefit the host and may
avoid or treat various diseases once consumed in sufficient
quantities [38]. Probiotics need to stay viable while being
stored, processed, and moved through the human body. The
efficacy of a probiotic product should be confirmed through
rigorous testing, including strain testing, genotype and
phenotype characterizations, functional analyses, and risk
assessments. It is also necessary to consider the procedures
for evaluating probiotics in food. Lactobacilli, Enterococci,
and bifidobacterial are commonly found in probiotic foods

Prebiotics

Phytochemicals Other compounds

Organic acids,

Polyphenols Proteins
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[39]. Bacteria used in probiotics are primarily lactic acid
bacterium strains, Enterococcus, Bifidobacteria, and Bacil-
lus. As a human probiotic, Saccharomyces boulardii is also
employed, though in the form of a powder or capsule [3].
Several microbial species appear secure, but specific spe-
cies may induce some issues. As hospital environments have
evolved, enterococci have become ubiquitous agents respon-
sible for various infections [40].

Generally, probiotics are living organisms, primarily
bacteria and yeasts, that bind to the host and gut micro-
biota when consumed in sufficient quantities, providing
health benefits beyond nutritional ones. Traditionally, the
security of unknown species has been determined mainly
by their appearance in food or as normal bacteria in the
human intestines. Probiotic organisms can be accepted as
nutritional additives, approved medications, or mixed into
diets, depending on various conditions [41]. Moreover,
foods and food components that consist of, or incorporate,
GM organisms, bacteria, or fungi are categorized as novel
foods [42]. Nutrient considerations play a crucial role in
toxicological tests conducted on animals. The maximum
level of dietary incorporation achievable without causing
nutritional imbalance should be the highest possible level
to allow careful interpretation of negative reactions seen in
animal studies while distinguishing toxic effects from those
caused by a nutritional imbalance in the experimental diet
and study design [43]. Ideally, the lowest dose level will be
comparable to its expected human diet role. In addition, a
case-by-case evaluation of the toxicological criteria for novel
foods is required. In a worst-case scenario, it is necessary to
consider the assessment of the toxic potential of chemical
compounds determined experimentally, toxicological stud-
ies, allergy testing, and prolonged feeding experiments [43].

Synbiotic

Synbiotics are formed when probiotics and prebiotics are
coupled [44]. Synergistic effects between probiotics and
prebiotics are significant due to the advancement of preserv-
ing and introducing living microorganism supplements in the
gastrointestinal tract [41]. Synbiotics offer the advantage that
probiotics are more readily available in the gastrointestinal
tract. Many studies on synbiotics have been published with
data from both in vitro and in vivo experiments [45, 46].

A single strain of probiotics may not be able to profoundly
affect the complex gastrointestinal microbiome, as well as the
complicated interactions between the host and the bacteria.
Prebiotic has been found to significantly impact gut bacteria
in a way similar to xylooligosaccharides [47]. Consumption of
those products could change the structure and function of gas-
trointestinal bacteria. Eczema in infants has been controlled by
combining oligosaccharides with probiotics [48]. An essential
component of the effectiveness of synbiotics is their safety.
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Consumer Behavior Models to Predict
Prebiotic, Probiotic, and Synbiotics
in the Food Packaging Industry

Approximately sixteen centuries ago, edible food packag-
ing was originally created and introduced in Japan using
soy milk-based edible film to preserve fruits and achieve a
lustrous appearance [49, 50]. However, owing to the lim-
ited selection of materials available at the time to preserve
fruits and vegetables, there was little interest in this type of
packaging [33].

When compared to edible packaging, refrigeration,
controlled/modified atmospheres, heat or radiation steri-
lization, and smoking were techniques of major concern
and were frequently utilized to extend the shelf life of
food products and prevent contamination from microbes
[33]. Furthermore, many modern technologies have been
brought to the market in this modern era, such as food
conservation techniques, which may provide limitless
options to preserve all types of food so that consumers can
consume all types of food in any season [33]. However,
the quick advancement of technology has resulted in an
evolution in edible packaging, making it adaptable to a
broad range of food products and also having a distinct
style of operating, suited to innovation from conventional
food preservation techniques [51].

Moreover, conventional synthetic packaging has been
shown to have a negative impact on the environment [52].
Due to the many losses produced by traditional synthet-
ics such as films, a sustainable packaging solution that can
extend the shelf life of food products and protect them from
microbial contamination is required [51]. In addition, edible
packaging has gained favor in the scientific community as
areplacement for traditional packaging that is environmen-
tally friendly, and this has drawn the attention of authorities
and environmentally conscious consumers [51, 52]. This is
also confirmed by a number of prior research indicating that
consumers are more accepting of prebiotics, probiotics, and
synbiotics in food packaging [53-55].

Probiotic products are in great demand among consum-
ers, particularly the younger population [53, 56]. Probiotic
nutraceutical products are a type of functional food that has
been shown to improve gastrointestinal function as well
as provide other advantages such as increased immunity.
According to Mordor Intelligence (2018) [57], the world-
wide probiotic products market was valued at US$46.54
billion in 2017 and is predicted to increase at a compound
annual growth rate (CAGR) of 7.5% from 2019 to 2023.
Following the Covid-19 pandemic, demand for functional
foods and immune-boosting supplements has increased dra-
matically, resulting in a surge in demand for products that
boost immunity [58—60]. This is because during and after
COVID-19 people are more aware of the importance of food
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that can support and boost their body’s immune so that they
are less prone to illness and can protect them against all
assaults of disease and may even speed up recovery if they
are sick [60]. Moreover, a growing robust consumer demand
for natural products and increasing concerns on preventive
health care have significantly helped in the expansion of the
pro- and prebiotic market.

In addition, as the timeframe between food production
and consumption from the farm to the fork increases, so
does the need for food packaging [20]. Food packaging is
critical as it can protect against spoilage, dehydration, loss
of quality, appearance, and nutritional content while the food
is being handled, stored, or transported [61]. However, the
most commonly used food packaging materials are poly-
mers, which have caused environmental problems due to
their inability to biodegrade [62]. Therefore, the use of edi-
ble and biodegradable packaging systems (films/coatings) as
sustainable food packaging is a technology that is flourishing
globally and is preferred by a large number of consumers
[63]. In addition to being renewable, recyclable, and bio-
degradable, the materials used to produce edible packaging
need minimum or no disposal [64, 65]. In addition, edible
and recyclable packaging materials often include prebiot-
ics, probiotics, or synbiotics, which has led to an increase in
demand for food packaging products containing these com-
ponents. This may also affect consumer purchase behavior
to prefer food and packaging products containing prebiot-
ics, probiotics, and synbiotics since they are safer and more
environmentally friendly.

When we witness the extremely positive effect of edible
food packaging on the environment, whether this also cor-
relates with consumer perceptions and desire to eat edible
food packaging is questionable [54]. Moreover, Sevi et al.
[55] found that Indonesians are interested in using edible
packaging for chili powder products and they are also eager
to eat edible packaging together with their food products.
Aside from edible food packaging for agricultural products
such as fruit and vegetables, many consumers are starting
to accept edible packaging for other food products like edi-
ble water bottles, edible coffee cups, and edible cupcake
cases [66]. However, since edible food packaging is still
not widely known by the wider populace, an effective mar-
keting approach, such as a short explanation of the advan-
tages of consuming edible food packaging, is required to
attract consumers’ purchasing intents [67]. Since the suc-
cess of a product in the market is significantly determined
by the number of consumer acceptance of a product; thus,
to promote the success of edible food packaging incorpo-
rating pro-, pre-, and synbiotics, more in-depth research is
required on consumer behavior. It is very much important
for a business to have access to data regarding purchasing
behavior of consumers so as to develop successful market-
ing models [68]. The purchasing behavior of the consumer

can be affected by (i) cultural, (ii) social, (iii) personal, and
(iv) psychological characteristics [69, 70]. In general, cul-
ture is an integral aspect of any civilization and is highly
influential on individuals’ desires and behavior [71]. There
can be many other subcultures such as nationality, religion,
geographic areas, and racial groups that can exist within
a culture. Moreover, consumer behavior can also be influ-
enced by social class, which is the hierarchical partitioning
of society into several sections based on their social status.
Social class influences consumers’ lifestyles, purchasing
habits, hobbies, and interests. Social factors such as family,
and reference groups (those groups having a direct or indi-
rect impact on an individual’s views and conduct) can also
influence the buying behavior of a consumer. The personal
factors that influence buying behavior are age, occupation,
lifestyle, and personality. The four major psychological
elements that influence customer purchasing decisions are
motivation, perception, learning, and beliefs and attitudes
[69]. Motivation is one of the major psychological factors
that affect buying behavior. Maslow’s Theory of Motivation
explains why humans are motivated by different needs at
different times. Maslow created a hierarchy of human needs
based on their relevance. Physiological needs, safety needs,
social needs, esteem requirements, and self-actualization
needs are the five types of needs. A person attempts to meet
their most basic needs first. A need changes to one’s motive
when it is more pressing for a person to seek satisfaction.
And another important factor in deciding purchase behavior
is the individual’s perception, which corresponds to what
the individual thinks about a particular product or service.
Consumers with similar needs may not purchase the same
product due to their differences in perception. Further, there
is a high level of acceptance by consumers in general of
the numerous aspects of the consumer behavior model that
might impact the acceptability and purchase of food prod-
ucts and packaging derived from prebiotics, probiotics, and
synbiotics [72]. This may be because consumers are already
aware of the health advantages of purchasing and consuming
prebiotics-, probiotics-, and synbiotics-containing food prod-
ucts and food packaging [73]. Therefore, it can be concluded
that products including prebiotics, probiotics, and synbiot-
ics have excellent development potential, particularly in the
food business [72].

Consumer Buying Behavior Models

Currently, there are several different models used to pre-
dict consumer buying behavior. A simple conceptual model
consists of the following steps as shown in Fig. 2: (i) the
consumer identifies an unsatisfied need; (ii) after the need
is recognized, the consumer searches for information from
different sources such as public, personal, or commercial;
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Fig.2 Consumer buying behav-
ior (a conceptual model)
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(iii) the consumer receives a variety of alternative choices
and evaluates it with respect to various criteria such as price,
quality, brand, and accessibility, and selects the best one; (iv)
after selecting the best choice, consumers go to the follow-
ing stage, which is to buy the goods; and (v) the last stage
is the post-purchase decision, where the consumer would
continue to purchase the product according to the personal
satisfaction with the product.

The consumer buying models, in general, help us to
visualize and understand various consumer decision pro-
cesses and provide a frame of reference for changing vari-
ables and market circumstances. One of the successful
models that can be used to study the consumer buying
behavior of probiotics, prebiotics, and synbiotics is the
Health Belief Model (HBM) [74e]. The goal of developing
the Health Belief Model was to investigate individual dif-
ferences in decision-making for accessing health services
in the USA which are connected to the desire to prevent
and alleviate sickness [75]. This model can be used to
predict the individuals who participate in health behavior
because they feel that doing so would improve or minimize
the severity of their health condition. The HBM focused on
two components of individuals’ representations of health
and health behavior: behavioral assessment and threat per-
ception [76]. Threat perception can be defined by two main
beliefs: perceived vulnerability to disease or health issues
and expected severity of illness repercussions, whereas
behavioral assessment includes two unique sets of beliefs:
those about the benefits of prescribed health behavior, and
about the costs of or obstacles to adopting the behavior.
A recent study by Chong and Teh [77] on the buying
behavior of probiotic and nutraceutical products among
the Malaysian population showed that it is the belief in

@ Springer

PRICE

BRAND
QUALITY
OFFER
PACKAGING
ACCESSIBILITY

health-promoting effects of probiotic products and not the
knowledge about the nutraceutical properties that signifi-
cantly affect the consumers buying intentions. Another
consumer behavior model that can be used to predict con-
sumer acceptance of synbiotic products is the Theory of
Planned Behavior (TPB). The Theory of Planned Behavior
(TPB) forecasts an individual’s intention to participate in
a behavior at a specific time and location. A combination
of HBM and TPB was used by Rezai et al. [78] to study
the buying behavior of Malaysian customers on natural
functional food. The study reported the perceived benefits
(an assumption that a certain action will lower the risk
or severity of the impact), followed by subjective norm
(social pressure), and perceived susceptibility (the prob-
ability of being diagnosed with a sickness or condition)
to be the most significant factors that affect the consumer
intentions during purchase. Another important param-
eter that affects the consumers purchasing behavior is the
willingness to pay (WTP). Pappalardo and Lusk [79] con-
ducted a social experiment to study the consumers’ WTP
a higher utility price for functional food as compared to
a conventional product using the Expected Utility Theory
(EUT) and reported that the consumers’ WTP depended
not only on the functional component of food but also on
other factors like price, naturalness, and safety. Also, Flora
[80] said that the level of consumer knowledge affects how
consumers accept food packaging with probiotics and how
they choose to purchase it. Consumers who are knowl-
edgeable about probiotics prefer to get and purchase food
products and food with probiotic packaging [80].

Today, the increased awareness and health concerns of
consumers have brought changes in their dietary habits,
resulting in the formation of a market niche for probiotic
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foods and their packaging [80, 81]. Between 2014 and 2017,
the number of probiotic supplements and vitamin product
releases in New Zealand and Australia surged by 200% and
probiotic, together with prebiotic food, was estimated to
reach US$140 million by 2021 [82]. Given the prospective
market for probiotics, it is critical to understand consumer
behavior by taking into account both intrinsic and extrinsic
factors such as psychological, emotional, social, cultural,
and economic. Some of the widely used consumer behav-
ior models that can be used to study synbiotics in food and
packaging are discussed below.

e Economic model: The economic model of consumer
behavior emphasizes the assumption that a customer’s
purchasing pattern is focused on maximizing benefits
while reducing expenses. As a result, economic variables
such as the customer’s purchasing power and the price
of competing items may be used to forecast consumer
behavior. According to this method, a consumer must be
informed of all possible consumption alternatives, capa-
ble of accurately assessing each option, and available to
choose the best course of action.

e Psychoanalytic model: The psychoanalytical approach
asserts that consumer behavior is influenced by impulses
known as “drives” or “instinctive forces” which are oper-
ated by both the conscious and subconscious minds.
Purchasing decisions and behavior are affected by three
levels of consciousness discussed by Sigmund Freud (id,
ego, and superego) [83].

e Sociological model: The sociological model focuses on
the premise that a consumer’s behavior is influenced
by his or her social environment. Purchasing habits are
influenced by consumers’ social status. A consumer’s
purchasing behavior may also be impacted by the people
with whom they interact and the culture in which they
live.

e Nicosia model: The Nicosia model explains consumer
buying behavior by establishing a connection between
the firm and its potential customers. According to the
approach, messages from the company first impact the
consumer’s propensity toward the product or service.
This may result in the development of certain attitudes
in consumers, leading the consumer to search for the
product or evaluate the product’s characteristics. If the
preceding stage satisfies the consumer, it may result in
a positive reaction, including a choice to purchase the
product [84].

e Stimulus—Response model: Marketing and other stimuli
(product, place, price, promotion, economic elements,
technical, political, and cultural factors) penetrate the
buyer’s “black box,” where they are transformed into
observable buyer responses such as product selection,
brand selection, dealer selection, and purchase time. Mar-

keters must determine what is inside the buyer’s “black
box’ and how stimuli are converted into reactions [85].

With the concept of consumer buying behavior toward
food products and food packaging containing prebiotics,
probiotics, and synbiotics, it is hoped that it will assist in
the development and improvement of food products and
food packaging in accordance with consumer preferences. In
addition, the concept of buying behavior will aid decision-
makers, the government, and related industries in develop-
ing food packaging products based on the flow of consumer
purchasing behavior. Accordingly, it is anticipated that the
strategic approach will be developed for the future growth
of the food packaging industry.

Barriers to Widescale Applications of Prebiotics,
Probiotics, and Synbiotics

Industries that utilize bioactive agents encounter challenges
in generating steady components that keep the properties
active through the manufacture and storage processes until
consumption [86]. Several challenges may occur in mass
production such as preserving the viability and functionality
of bioactive agents, selection of packaging materials, and
the types of carrier agents, as well as developing reliable
technology for food packaging.

Viability and Functionality of Bioactive Agents

The primary role of the bioactive agents of prebiotics, pro-
biotics, and synbiotics is to assist the existing intestinal
flora in enhancing their habitat. By changing, replenishing,
and adapting the intestinal flora, it is possible to increase
their (prebiotics, probiotics, and synbiotics) resistance to
the hostile gastrointestinal environment [87]. Furthermore,
their viability (i.e., probiotics) may assist to manage intes-
tinal microbial intervention via colonization by controlling
microbe metabolism and promoting human health [87, 88].
Hence, prebiotics, probiotics, and synbiotics are all attractive
research topics due to their considerable impact on human
health.

Fructooligosaccharides, xylooligosaccharide, galactooli-
gosaccharides, and inulin are common prebiotics [89-92];
meanwhile, Lactobacillus, Bifidobacterium, Saccharomyces
boulardii, and Bacillus coagulans are common probiotics
used in food products [93-95]. When both pre- and pro-
biotics are used together (synbiotics), several advantages
are improving their activity, survival, and ability against
digestive bacterial infection [91, 96, 97]. Improving the
viability of those components is a key point in reducing bar-
riers to their widescale applications. Encapsulation, micro-
encapsulation, and nanoencapsulation are widely used in
enhancing the viability of these bioactive agents [98—100].
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Encapsulation creates coating as protection for bioactive
agents in unfavorable conditions, such as in the manufactur-
ing process and storage as well as in the gastrointestinal tract
[87]. The utilization of enzymes, cells, and other materials
shrouded in capsules makes the bioactive agents stay active
for delivery, which then released its content at the designated
time and destination. Microencapsulation uses small parti-
cles surrounding the probiotic bacteria which protect the
digestive system but can be broken when there is force [99].
Nanoencapsulation also prolongs the survival and viability
of these bioactive agents, as well as a controlling agent for
correct delivery [98, 101].

Recent studies on microparticles with prebiotics effi-
ciently boost the viability of Lactobacillus acidophilus LA-5,
that is, by conferring those bioactive agents to have a protec-
tive effect on the gastrointestinal tract [94]. For probiotics on
livestock, microencapsulation by the spray drying method
is strongly recommended since it could provide a high final
bacterial concentration as well as it has a smaller particle
size, thus making it easier for combining with livestock feed
products [102].

The coating size and materials of capsules also influenced
the capabilities in survival and viability of probiotic bac-
teria; the smaller the materials, the higher the protection
ability against harsh environments, since they can fill in
hydrogel structure pores of beads [101].

Packaging Materials

Packaging techniques and material constituents have been
a concern in recent years. Dairy probiotics as well as other
products mostly use plastic packages with oxygen perme-
ability. Meanwhile, to preserve the viability of bioactive
agents, retaining a low level of oxygen needs to be con-
ducted. Several techniques such as adding oxygen scaven-
gers, as well as vacuum packaging, may help to retain the
bioactive agent viability [103].

However, sustainable and environment-friendly packag-
ing is also an important aspect that has to be considered.
Several biopolymers and biodegradable polymers have
been introduced for food packaging which is in line with a
sustainable environment [104]. Environment-friendly food
packaging is now desirable since biodegradable polymers
such as starch, casein or whey proteins, cellulose, polybu-
tylene adipate terephthalate (PBAT), polybutylene succinate
(PBS), and other biodegradable polymers are now commer-
cially available [105-107].

In parallel, natural agents for micro/nanoencapsulation
are also rapidly developing. Recent studies on hydroxypropyl
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methylcellulose containing carvacrol nanoemulsions
improved the shelf life of food products [107] Similar
results also occurred in those containing oregano essential
oil nanoemulsions [108]. High antioxidant and antimicrobial
properties are reported to play an important role in these
regards. Polylactide films containing essential oils/nanopar-
ticles have an antimicrobial effect against L. monocytogenes
and S. typhimurium on contaminated cheese [109]. Algi-
nate coating using basil oil nano-emulsified along with an
extract of Sapindus is able to extend the shelf life of okra
[110]. Starch-carboxy methylcellulose films that consist of
rosemary essential oil have an antimicrobial effect against S.
aureus in a new active film [111]. The extension of the shelf
life of shrimp as well as the enhancement of its antimicro-
bial activity also occurred after using Cinnamon nanophy-
tosomes embedded in electrospun nanofiber in its package
[112]. Higher antimicrobial activities are accountable for
these phenomena. Eventually, biodegradable packaging has
great potential to meet the needs of renewable and food-
grade ingredient materials which comprise convenience,
safety, sustainability, and environmental friendliness.

In brief, several of the previously stated materials, such
as biopolymers, biodegradables, carvacrol nanoemulsions,
and essential oils/nanoparticles, are thriving materials that
are extensively employed in the food packaging industry.
The popularity of these materials is attributable to the fact
that they have been evaluated in food packaging research,
and many consumers are requesting food packaging that is
both environmentally friendly and capable of keeping food
in excellent condition for consumption and is also more
durable for storage. Hence, the use of these materials in the
production of food packaging is strongly advised in order
to both preserve the quality of food and entice consumers
to purchase it.

Innovations in Food Packaging

Traditional food packaging is challenged due to rising cus-
tomer demands and increasing product complexity. For cen-
turies, food packaging has evolved into a critical technol-
ogy for ensuring food safety, avoiding unwanted responses,
meeting customer expectations, and extending food shelf life
(Fig. 3). Active food packaging with integrated oxygen bar-
rier materials or films with selective permeability qualities
has been applied for probiotic foods [113]. The major goal
of active packaging, which is an alternative to traditional
packaging, is to promote and maintain good quality while
also extending the freshness of food products. To achieve
this, various components capable of releasing/absorbing
substances from/into packaged food can be integrated into
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Fig.3 Active and intelligent
packaging system as part of
smart packaging technology
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the system to prevent spoilage [28]. Intelligent packaging
methods are among the latest developments that have the
potential to reduce food waste [114]. Intelligent packaging is
primarily used to track and monitor the conditions of pack-
aged foods, as well as to collect and send data on the prod-
uct’s state during storage and transit procedures [28]. With
the incorporation of new electronics, wireless connectivity,
and cloud data solutions, packaging systems have become
smarter [28], and will contribute to the technology-mediated
risk communication era [115].

Changes in consumer preferences, as well as the neces-
sity for safe and high-quality meals, drive innovation in food
packaging technologies. A smart packaging system is a com-
bination between active packaging and intelligent packag-
ing that work synergistically and are good instances of this
food packaging evolution (Fig. 1). Smart packaging offers
a whole package solution that, on the one hand, monitors
and reacts to changes in the environment (intelligent) and/
or in the product (active). Chemical sensors or biosensors
are used in smart packaging to monitor food quality and
safety from manufacturers to customers [116]. Nanotech-
nology is being recognized as a promising new technology
for smart packaging systems [117]. Nano-enabled methods,
such as nanomaterials and nanofabrications, have mostly
been utilized to alter the shape and surfaces of platforms at
the nanoscale to improve the functionality of food packag-
ing systems. Smart packaging is an important part of the
growing food industry 4.0, which includes adaptable pro-
duction and intelligent tracking systems [118]. In general,
smart packaging technology has a wide variety of applica-
tion fields including probiotic-based products.

Active Packaging System

(moister absorbers, antimicrobial releasers, carbon dioxide
emitters and releasers, oxygen schavengers and antioxidant
releasers)

Inteligent Packaging System

(IoT, biosensors, indicator)

Consumer Supplementary Benefits from Prebiotics,
Probiotics, and Synbiotics in Food Packaging

The rising popularity of prebiotic, probiotic, and synbiotic
products has made them commercially accessible in a broad
range of products and a recent study revealed a threefold
increase in the consumption of probiotics on the global mar-
ket [1-3, 13, 16]. Due to this, several companies now regard
prebiotic, probiotic, and synbiotic products as very appeal-
ing business potential.

One emerging trend is the addition of probiotics, prebiot-
ics, and synbiotics to food products [13, 16, 119]. Studies
dating back to as early as the eight century show the use of
probiotics in milk products as a treatment for lactose intol-
erance, and in the treatment of irritable bowel syndrome
[120]. Supplementing probiotics in dairy products has also
shown a marked reduction in cholesterol levels in people.
In addition, there was a significant reduction in side effects
through probiotic consumption as compared to commercially
available pharmaceutical products [41].

Hereinafter, food products like yogurt, which contains pro-
biotics, have been successful in reducing the bacterial load of
pathogenic species, particularly Enterobacteria, in the intes-
tines and increased the activity of enzymes like galactosidase
[41]. Probiotics from the yeast family Saccharomyces can
reduce the frequency of watery diarrhea [121]. Probiotics
are also known to increase the production of antibodies in the
body, along with interleukins, which help in the prevention
of viral infections [122]. Another emerging use of probiot-
ics is seen as a prophylactic measure in cancer therapies.
Many probiotics are found to prevent the growth of cancer by
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occupying the surface of the colon in animal models [123].
Some strains of L. rhamnosus also help in inducing apoptosis
and thus preventing cancerous growth [124].

Probiotic strains are also known to secrete microcins and
these are compounds that prevent pathogenic strains from cel-
lular invasion. They act by binding to the siderophore recep-
tors and block the enzymatic activity of ATP synthase, DNA
gyrase, and RNA polymerase. This ultimately leads to a reduc-
tion of pathogenic cell load [125]. Some of the health benefits
offered by the use of probiotics are summarized in Table 1.

Along with the supplementation of probiotics, the use of
prebiotics is popularized to increase the efficiency of probi-
otic strains. Prebiotics help in the growth of “good bacteria”
probiotics, since many of the compounds classified as prebi-
otics are nutritive supplements for the probiotics [130]. This
allows for the proliferation of these bacteria and ultimately
causes a reduction in the growth and development of the
harmful pathogenic microbes in the intestines. Thus, this
helps in the maintenance of healthy gut microflora.

Prebiotics also help in the absorption of minerals and
other beneficiary products in the intestines [131]. Most of
the prebiotic compounds can also be used as nutritive sup-
plements. For example, supplementing yogurt with fruc-
tooligosaccharides (FOS) makes the product sweeter and
reduces its calorific value [131]. Supplementation of prebiot-
ics like inulin is already commercialized in a wide variety of
dairy and baked products. Inulin is a soluble fiber that has

Table 1 Health benefits offered by the use of probiotics

been associated with belly loss and can thus serve in weight
management products.

Seeing the immense benefits of pre- and probiotics, the
use of their mixture, termed synbiotics, has become relevant
in recent years. One of the most well-known natural synbi-
otic products is breast milk [132]. The prebiotic component
includes oligosaccharides while the probiotic component
mostly includes lactic acid bacteria. The health benefits of
infants consuming breast milk are well known and include
the prevention of diarrhea. Diarrhea can also be prevented by
the consumption of fruit juices supplemented with synbiot-
ics. Synbiotics can also be used to help reduce the effects
of inflammatory bowel syndrome and constipation. Some
of the health benefits offered by the use of synbiotics are
summarized in Table 2.

In addition to the commonly used bacterial strains,
researchers are identifying new strains that can serve as
“next-generation” probiotics [135]. One such strain, Akker-
mansia muciniphila, is now commercially used as a synbi-
otic with other bacteria and inulin. This synbiotic prepara-
tion helps in improving the glucose levels in the body and is
especially effective in type 2 diabetes patients.

Although there are immense health benefits to harness from
the supplementation of probiotics, prebiotics, and synbiotics
in food products, it is not widely commercialized yet. This is
because of the various challenges in the production of these
products and in the maintenance of their shelf life [136, 137].

Probiotic strain Health benefit Reference
Bifidobacterium infantis Useful for increasing the CD103(+) dendritic cells (DCs) in the  [126]
lamina propria. This helps in reducing the severity of dextran
sulfate sodium-induced colitis
Combination strains (Streptococcus, Thermophilus, Bifidobacte-  Improved insulin sensitivity, total fatty acid content, serum [127]
rium, and Lactobacillus) alanine aminotransferase (ALT) levels, and the histological
spectrum of liver damage in mice
Combination strains (Bifidobacterium bifidum, B. lactis, Lacto- Acts on neutrophils by modulating their resting burst, gut perme- [128]
bacillus acidophilus, L. brevis, L. casei, L. salivarius, and L. ability, or inflammatory markers
lactis)
Lactobacillus reuteri and L. rhamnosus Effective treatment for bacterial vaginosis [129]
Table 2 Health benefits offered by the use of synbiotics
Synbiotics Health benefit References
Fermented milk, made by using Bifidobacterium breve and Caused a reduction in the clinical symptoms of diarrhea, such as [133]
Streptococcus thermophilus and supplemented with a prebiotic severity and incidence in rotavirus-infected rats
mixture—short-chain galactooligosaccharides/long-chain
fructooligosaccharides (scGOS/IcFOS 9:1)
Lactic acid bacteria (LAB) supplemented with polyphenol-rich  Inhibited high fat-induced obesity and inflammation in high-fat ~ [134]

wine grape seed flour

diet-induced obese mice via alterations in intestinal permeabil-

ity and adipocyte gene expression

@ Springer



Current Food Science and Technology Reports (2023) 1:13-29

23

Many of the probiotic strains used can be lost due to unsat-
isfactory packaging of food products and poor temperature
control in storage [138]. Prebiotics are also susceptible to deg-
radation in higher temperatures and changes in pH; thus, it is
of utmost importance to regulate their production and assure
quality checks [31, 41, 139]. Another challenge stems from the
overuse of bacterial strains in food products which can cause
discomfort including bloating and stomach aches [41].

Many obstacles posed by pro-, pre-, and symbiotic prod-
ucts did not impede the development of edible food packag-
ing. This is shown by the level of development of modern
technologies and the many research conducted to assist the
development of edible food packaging by choosing poly-
mers, additives, and modifications to enhance their proper-
ties [140]. Due to the fast expansion of the food business,
the number of food products launched to the market has
expanded significantly; thus, edible packaging must be cre-
ated with food substrates in consideration [140]. In other
words, a key issue in the development of edible food packag-
ing is the selection of the appropriate packaging materials
and formulations for specific food products [140]. Moreo-
ver, several studies have shown very gratifying outcomes in
resolving present challenges in food packaging by choosing
the appropriate packaging materials and formulations for
edible food packaging [141, 142], and this has boosted the
global acceptance of edible food packaging [54].

Future Perspectives and Conclusions

Consumers are increasingly concerned about the health
effects and nutritive qualities of food products, and they
perceive various health benefits related to pre-, pro-, and
synbiotics. Pre-, pro-, and synbiotics are becoming more
and more popular. The growing interest and popularity in
the pre-, pro-, or synbiotics motivate further development
of processed food, through which manufacturers produce
goods fortified with pre-, pro-, or synbiotics to support the
growing demand. Hence, more and more new food products
with added pro- or synbiotics will be seen at the supermarket
shell in the coming years. However, the utilization of these
pro- and synbiotics had several technological or process-
ing barriers, mainly viability and functional instability in
the prepared functional food. Hence, various manufacturing
techniques have been practiced to tackle instability issues
of probiotics including encapsulation and the use of edi-
ble films or coating as a carrier system. In this context, the
development of edible films or coating incorporated with
pre-, pro-, or synbiotics is increasingly important novel tech-
nology for food scientists, as well as food industry experts.
Therefore, there is no doubt that there will be more research
work on this interesting concept in the coming years, which
will be focusing on various raw materials, manufacturing

techniques, stabilities studies, etc. Additionally, future
work should focus on the different encapsulation methods
to incorporate the pre-or probiotics in existing biodegradable
or edible coating materials, the effect of a combination of
pre- and probiotics (synbiotics) on the mechanical properties
of the packaging film, the combination of different packag-
ing materials with required pre-or probiotics or vice-versa,
viability and bioavailability studies of incorporated biotics
in packaging film or coatings need to determine in order to
confirm the health-promoting ability of incorporated fiber or
bacteria. Importantly, sensory analyses and consumer prefer-
ence need to be evaluated for the new functional products
packed with edible film or coating incorporated with pre-,
pro-, and synbiotics.

Author Contribution Shahida Anusha Siddiqui — methodology, vali-
dation, formal analysis, investigation, resources, data curation, writing
— original draft, writing — review and editing, visualization, project
administration, supervision.

Sipper Khan — conceptualization.

Mohammad Mehdizadeh — methodology, writing — original draft.
Nilesh Prakash Nirmal — writing — original draft.

Anandi Chandra Khanashyam — writing — original draft.

Ito Fernando — writing — review and editing.

Yoga Dwi Jatmiko — writing — original draft.

Mufidah Afiyanti — writing — original draft.

Sonia Bansal — writing — original draft.

Danung Nur Adli — software, formal analysis, investigation, data cura-
tion, writing — review and editing.

Andrey Ashotovich Nagdalian — writing — review and editing.
Andrey Vladimirovich Blinov — writing — review and editing.
Alexey Dmitrievich Lodygin — visualization.

Widya Satya Nugraha — writing — review and editing.

Gyula Kasza — supervision.

Tony R. Walker — writing — review and editing.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Data Availability The provision of data will be facilitated upon receiv-
ing a formal request.

Declarations

Human and Animal Rights and Informed Consent This article does not
include any experiments with human or animal subjects done by the
authors.

Competing Interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


http://creativecommons.org/licenses/by/4.0/

24 Current Food Science and Technology Reports (2023) 1:13-29
References 15. Oberoi K, Tolun A, Altintas Z, Sharma S. Effect of Alginate-
Microencapsulated Hydrogels on the Survival of Lactobacillus

. . . rhamnosus under Simulated Gastrointestinal Conditions. Foods.

Papers of particular interest, published recently, have 2021:10:1999.

been highlighted as: 16. Dahiya D, Nigam PS. The Gut Microbiota Influenced by the

e Of importance Intakct of Probiotics and Func.tional FooFls w.ith Prebiqtics Can

oo Of major importance Sustain WGllness and Alleviate Certam Al.lments like Gut-

Inflammation and Colon-Cancer. Microorganism. 2022;10:665.
https://doi.org/10.3390/microorganisms10030665.

1. Kiigiikgdz K, Trzaskowska M. Nondairy Probiotic Products : 17.  Pavel FM, Vesa CM, Gheorghen G, Diaconu CC, Stoicescu
Functional Foods That Require. Nutrients. 2022;14(4):453. M, Munteanu MA, Babes EE, Tit DM, Toma MM, Bungau S.
https://doi.org/10.3390/nu14040753. Highlighting the Relevance of Gut Microbiota Manipulation in

2. Sharifi-rad M, Kumar NVA, Zucca P, Varoni EM, Dini L, Inflammatory Bowel Disease. Diagnostics. 2021;11:1090.
Panzarini E, Rajkovic J, Valere P, Fokou T, Azzini E, Peluso 1§ Shehata AA, Yalgin S, Latorre JD, Basiouni S, Attia YA, El-
I, Mishra AP, Nigam M. Lifestyle, Oxidative Stress, and Anti- wahab AA, Visscher C, El-seedi HR, Huber C, Hafez HM. Pro-
oxidants: Back and Forth in the Pathophysiology of Chronic biotics, Prebiotics, and Phytogenic Substances for Optimizing
Diseases. 2020;11(July):1-21. https://doi.org/10.3389/fphys. Gut Health in Poultry. Microorganisms. 2022;10:395. https://
2020.00694. doi.org/10.3390/microorganisms10020395.

3. Zawistowska-rojekA ZarT. Microbiological Testing of Probiotic 19. Soukoulis C, Behboudi-Jobbehdar S, Macnaughtan W, Par-
Preparations. Int J Environ Res Public Health. 2022;19:5701. menter C, Fisk ID. Stability of Lactobacillus thamnosus GG
https://doi.org/10.3390/ijerph 19095701. incorporated in edible films: Impact of anionic biopolymers and

4. Ranjha MMAN, Shafique B, Batool M, Kowalczewski PL, She- whey protein concentrate. Food Hydrocoll. 2017;70:345-55.
hzad Q, Usman M, Manzoor MF, Zahra SM, Yaqub S, Aadil https://doi.org/10.1016/j.foodhyd.2017.04.014.

RM. Nutritional and health potential of probiotics: A review. 20.ee Seyedzade Hashemi S, Khorshidian N, Mohammadi M. An insight
Appl Sci. 2021;11(23). https://doi.org/10.3390/app112311204. to potential application of synbiotic edible films and coatings in

5. Damidn MR, Cortes-Perez NG, Quintana ET, Ortiz-Moreno A, food products. Front Nutr. 2022;9(3). https:/doi.org/10.3389/fnut.
Noguez CG, Crucefio-Casarrubias CE, Pardo MES, Bermidez- 2022,875368. This article analyzes the relevance of designing
Humaran LG. Functional Foods, Nutraceuticals and Probiotics: edible packaging for food not only to cut costs and protect the
A Focus on Human Health. Microorganisms. 2022;10(5):1-13. environment but may also to improve the body and health of
https://doi.org/10.3390/microorganisms 1005 1065. consumers if edible food packaging contains probiotics as well

6. Zuntar [, Petric Z, Kovacevic DB, Putnik P. Safety of probi- as prebiotic ingredients such as inulin, starch, fructooligosac-
otics: Functional fruit beverages and nutraceuticals. Foods. charide, polydextrose, and wheat dextrin.
2020;9(7):1-19. https://doi.org/10.3390/fo0ds9070947. 21.  Romano N, Tavera-Quiroz MJ, Bertola N, Mobili P, Pinotti A,

7. WuH, ChiouJ. Heart Disease and Stroke. Potential Benefits of Gomez-Zavaglia A. Edible methylcellulose-based films contain-
Probiotics and Prebiotics for Coronary Heart Disease and Stroke. ing fructo-oligosaccharides as vehicles for lactic acid bacteria.
Nutrients. 2021;13:2878. https://doi.org/10.3390/nu13082878. Food Res Int. 2014;64:560-6. https://doi.org/10.1016/j.foodres.

8. Kaur AP, Bhardwaj S, Dhanjal DS, Nepovimova E, Cruz-martins 2014.07.018.

N, Kuca K, Chopra C, Singh R, Kumar H, Fatih S. Plant Prebi- 25 piermaria J, Diosma G, Aquino C, Garrote G, Abraham A.
otics and Their Role in the Amelioration of Diseases. Biomol- Edible kefiran films as vehicle for probiotic microorganisms.
ecules. 2021;11:440. https://doi.org/10.3390/biom11030440. Innov Food Sci Emerg Technol. 2015;32:193-9. https://doi.org/

9. Vilchez-vargas R, Salm F, Znalesniak EB, Haupenthal K, 10.1016/;.ifset.2015.09.009.

Schanze D, Zenker M, Link A, Hoffmann W. Profiling of the 23 Eprahimi B, Mohammadi R, Rouhi M, Mortazavian AM, Sho-
Bacterial Microbiota along the Murine Alimentary Tract. Int J jaee-Aliabadi S, Koushki MR. Survival of probiotic bacteria
Mol Sci. 2022;23:1783. https://doi.org/10.3390/ijms23031783. in carboxymethyl cellulose-based edible film and assessment

10. Maiuolo J, Carresi C, Gliozzi M, Mollace R, Scarano F, Scic- of quality parameters. Lwt. 2018;87:54-60. https://doi.org/10.
chitano M, Macr R, Nucera S, Bosco F, Oppedisano F, Ruga 1016/j.1wt.2017.08.066.

S, Coppoletta AR, Guarnieri L, Cardamone A, Bava I, Muso- 24.  Singh P, Magalhdes S, Alves L, Antunes F, Miguel M, Lind-
lino V, Paone S, Palma E, Mollace V. The Contribution of Gut man B, Medronho B. Cellulose-based edible films for probiotic
Microbiota and Endothelial Dysfunction in the Development of entrapment. Food Hydrocoll. 2019;88:68-74. https://doi.org/10.
Arterial Hypertension in Animal Models and in Humans. Int J 1016/j.foodhyd.2018.08.057.

Mol Sci. 2022;23:3698. https://doi.org/10.3390/ijms23073698. 25.  Lan W, Zhang R, JiT, Sameen DE, Ahmed S, Qin W, Dai J, He L,

11.  Palmieri N, Stefanoni W, Latterini F, Pari L. Factors Influenc- Liu Y. Improving nisin production by encapsulated Lactococcus
ing Italian Consumers’ Willingness to Pay for Eggs Enri.ched lactis with starch/carboxymethyl cellulose edible films. Carbo-
with Omega-3-Fatty Acids. Foods. 2022;11(4). https://doi.org/ hydrate Polymers. 2021;251. https:/doi.org/10.1016/j.carbpol.
10.3390/f09dsl 1040545. 2020.117062.

12.  Szakos D, Ozsvari L, Kasza G. Health-related nutritional prefer- 26. Hassan B, Chatha SAS, Hussain AI, Zia KM, Akhtar N.
ences of older adults: A segmentation study for functional food Recent advances on polysaccharides, lipids and protein based
development. J Funct Foods. 2022;92:105065. https://doi.org/ edible films and coatings: A review. Int J Biol Macromol.
10.1016/.jff.2022.105065. 2018;109:1095-107. https://doi.org/10.1016/j.ijbiomac.2017.

13.  Dahiya D, Nigam PS. Probiotics, Prebiotics, Synbiotics, and Fer- 11.097.
mented Foods as Potential Biotics in Nutrition Improving Health 27.  Sahraee S, Milani JM, Regenstein JM, Kafil HS. Protection of
via Microbiome-Gut-Brain Axis. Fermentation. 2022:8(7). foods against oxidative deterioration using edible films and coat-
https://doi.org/10.3390/fermentation8070303. ings: A review. Food Biosci. 2019;32. https://doi.org/10.1016/j.

14.  Sivamaruthi BS, Suganthy N, Kesika P. The Role of Microbi-

ome , Dietary Supplements , and Probiotics in Autism Spectrum
Disorder. 2020;1-16. https://doi.org/10.3390/ijerph17082647.

@ Springer

bi0.2019.100451.
Chen W, Ma S, Wang Q, McClements DJ, Liu X, Ngai T, Liu F.
Fortification of edible films with bioactive agents: a review of


https://doi.org/10.3390/nu14040753
https://doi.org/10.3389/fphys.2020.00694
https://doi.org/10.3389/fphys.2020.00694
https://doi.org/10.3390/ijerph19095701
https://doi.org/10.3390/app112311204
https://doi.org/10.3390/microorganisms10051065
https://doi.org/10.3390/foods9070947
https://doi.org/10.3390/nu13082878
https://doi.org/10.3390/biom11030440
https://doi.org/10.3390/ijms23031783
https://doi.org/10.3390/ijms23073698
https://doi.org/10.3390/foods11040545
https://doi.org/10.3390/foods11040545
https://doi.org/10.1016/j.jff.2022.105065
https://doi.org/10.1016/j.jff.2022.105065
https://doi.org/10.3390/fermentation8070303
https://doi.org/10.3390/ijerph17082647
https://doi.org/10.3390/microorganisms10030665
https://doi.org/10.3390/microorganisms10020395
https://doi.org/10.3390/microorganisms10020395
https://doi.org/10.1016/j.foodhyd.2017.04.014
https://doi.org/10.3389/fnut.2022,875368
https://doi.org/10.3389/fnut.2022,875368
https://doi.org/10.1016/j.foodres.2014.07.018
https://doi.org/10.1016/j.foodres.2014.07.018
https://doi.org/10.1016/j.ifset.2015.09.009
https://doi.org/10.1016/j.ifset.2015.09.009
https://doi.org/10.1016/j.lwt.2017.08.066
https://doi.org/10.1016/j.lwt.2017.08.066
https://doi.org/10.1016/j.foodhyd.2018.08.057
https://doi.org/10.1016/j.foodhyd.2018.08.057
https://doi.org/10.1016/j.carbpol.2020.117062
https://doi.org/10.1016/j.carbpol.2020.117062
https://doi.org/10.1016/j.ijbiomac.2017.11.097
https://doi.org/10.1016/j.ijbiomac.2017.11.097
https://doi.org/10.1016/j.fbio.2019.100451
https://doi.org/10.1016/j.fbio.2019.100451

Current Food Science and Technology Reports (2023) 1:13-29

25

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

their formation, properties, and application in food preservation.
Crit Rev Food Sci Nutr. 2022;62(18):5029-55. https://doi.org/
10.1080/10408398.2021.1881435.

Chaturvedi S, Chakraborty S. Review on potential non-dairy
synbiotic beverages: a preliminary approach using legumes. Int J
Food Sci Technol. 2021;56(5):2068—-77. https://doi.org/10.1111/
ijfs.14779.

Gibson GLEYYR, Roberfroid MB. Critical Review Dietary
Modulation of the Human Colonie Microbiota : Introducing the
Concept of Prebiotics. Am Inst Nutr. 1995;95:0022-3166.
Davani-Davari D, Negahdaripour M, Karimzadeh I, Seifan M,
Mohkam M, Masoumi SJ, Berenjian A, Ghasemi Y. Prebiotics:
Definition types sources mechanisms and clinical applications.
Foods. 2019;8(3):1-27. https://doi.org/10.3390/foods8030092.
Kumar H, Collado MC, Wopereis H, Salminen S, Knol J,
Roeselers G. The Bifidogenic Effect Revisited—Ecology and
Health Perspectives of Bifidobacterial Colonization in Early
Life. Microorganisms. 2020;8:1-20. https://doi.org/10.3390/
microorganisms8121855.

Pop OL, Pop CR, Dufrechou M, Vodnar DC, Socaci SA, Dulf
FV, Minervini F, Suharoschi R. Edible films and coatings
functionalization by probiotic incorporation: A review. Poly-
mers. 2020;12(1):1-18. https://doi.org/10.3390/polym12010
012.

Staniszewski A, Kordowska-wiater M. Probiotic and Poten-
tially Probiotic Yeasts—Characteristics and Food Application.
2021;10:1306. https://doi.org/10.3390/foods10061306.

Diether NE, Willing BP. Microbial Fermentation of Dietary Pro-
tein : An Important Factor in Diet — Microbe — Host Interaction.
Microorganisms. 2019;7:9. https://doi.org/10.3390/microorgan
isms7010019.

Azagra-boronat I, Massot-cladera M, Knipping K, Castell
M, Rodr J, Francisco JP. Strain-Specific Probiotic Properties
of Bifidobacteria and Lactobacilli for the Prevention of Diar-
rhea Caused by Rotavirus in a Preclinical Model. Nutrients.
2020;12:1-15.

Ayivi RD, Gyawali R, Krastanov A, Aljaloud SO, Worku M,
Tahergorabi R, Claro R, Ibrahim SA. Lactic Acid Bacteria : Food
Safety and Human Health Applications. Dairy. 2020;1:202-32.
https://doi.org/10.3390/dairy1030015.

Averina OV, Poluektova EU, Marsova MV, Danilenko VN. Bio-
markers and Utility of the Antioxidant Potential of Probiotic
Lactobacilli and Bifidobacteria as Representatives of the Human
Gut Microbiota. Biomedicines. 2021;9:1340. https://doi.org/10.
3390/biomedicines9101340.

Kamarinou CS, Papadopoulou OS, Doulgeraki Al, Tassou CC,
Galanis A, Chorianopoulos NG, Argyri AA. Mapping the Key
Technological and Functional Characteristics of Indigenous Lac-
tic Acid Bacteria Isolated from Greek Traditional Dairy Prod-
ucts. Microorganisms. 2022;10:246.

Krawczyk MC, Haney JR, Pan L, Caneda C, Khankan RR, Reyes
SD, Chang JW, Morselli M, Vinters HV, Wang AC, Cobos I,
Gandal MJ, Bergsneider M, Kim W, Liau LM, Yong W, Jalali
A, Deneen B. Human Astrocytes Exhibit Tumor Microenviron-
ment- Age- and Sex-Related Transcriptomic Signatures. J Neu-
rosci. 2022;42(8):1587-603. https://doi.org/10.1523/JNEUR
OSCI.0407-21.2021.

Markowiak P, Slizewska K. Effects of probiotics, prebiotics, and
synbiotics on human health. Nutrients. 2017;9(9). https://doi.
org/10.3390/nu9091021.

Rodriguez-sorrento A, Castillejos L, Lopez-colom P, Cifuentes-
orjuela G. Assessment of the Effects of the Synbiotic Combi-
nation of Bifidobacterium longum subsp, infantis CECT 7210
and Oligofructose-Enriched Inulin Against Digestive Bacterial
Infections in a Piglet Model. Front Microbiol. 2022;13:831737.
https://doi.org/10.3389/fmicb.2022.831737.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

EFSA (European Food Safety Authority). https://www.efsa.
europa.eu/en/supporting/pub/e15121. Accessed 6 Jan 2022.
Martin-Pelaez S, Cano-Ibafez N, Pinto-Gallardo M, Amezcua-
Prieto C. The Impact of Probiotics, Prebiotics, and Synbiotics
during Pregnancy or Lactation on the Intestinal Microbiota
of Children Born by Cesarean Section: A Systematic Review.
Nutrients. 2022;14(2). https://doi.org/10.3389/fnut.2019.00078.
Krausova G, Hynstova I, Svejstil R, Mrvikova I, Kadlec R. Iden-
tification of Synbiotics Conducive to Probiotics Adherence. Pro-
cesses. 2021;9:569.

Marsaux B, Abbeele PVan Den, Ghyselinck J. Synbiotic Effect
of Bifidobacterium lactis CNCM 1-3446 and Bovine Milk-
Derived Oligosaccharides on Infant Gut Microbiota. Nutrients.
2020;12:2268. doi:https://doi.org/10.3390/nul12082268.

Baker JT, Duarte ME, Holanda DM, Kim SW. Friend or Foe?
Impacts of Dietary Xylans, Xylooligosaccharides, and Xylanases
on Intestinal Health and Growth Performance of Monogastric Ani-
mals. Animals. 2021;11:609. https://doi.org/10.3390/ani11030609.
Tallarico V, Stefanelli E, Tarsitano F, Concolino D. The Role of
Prebiotics and Probiotics in Prevention of Allergic Diseases in
Infants. Front Pediatr. 2020;8. https://doi.org/10.3389/fped.2020.
583946.

McMillin KW. Advancements in meat packaging. Meat Sci.
2017;132:153-62. https://doi.org/10.1016/j.meatsci.2017.04.
015.

Schumann B, Schmid M. Packaging concepts for fresh and pro-
cessed meat — Recent progresses. Innov Food Sci Emerg Tech-
nol. 2018;47:88—100. https://doi.org/10.1016/j.ifset.2018.02.
005.

Gere A, Radvanyi D, Moskowitz H. Chapter 3 - Consumer Per-
spectives About Innovations in Traditional Foods. Innovations
in Traditional Foods. 2019;53-84. https://doi.org/10.1016/B978-
0-12-814887-7.00003-4..

Quirds-Sauceda AE, Ayala-Zavala JF, Olivas GI, Gonzalez-Agu-
ilar GA. Edible coatings as encapsulating matrices for bioactive
compounds: a review. J Food Sci Technol. 2014;51(9):1674-85.
https://doi.org/10.1007/s13197-013-1246-x.

Horska E, Sedik P, Musinska K, Savitskaya T, Grinshpan D,
Kacaniovd M Acceptability of Edible Food Packaging in Slo-
vakia: A Case Study on Young Generation. Front Sustain Food
Syst. 2021;5. https://doi.org/10.3389/fsufs.2021.720700.
Aldred Cheek K, Wansink B. Making It Part of the Package: Edi-
ble Packaging Is More Acceptable to Young Consumers When It
Is Integrated With Food. J Food Prod Mark. 2017;23(6):723-32.
https://doi.org/10.1080/10454446.2017.1244793.

Sevi T, Jatil RAP, Tristanto NA, Ristiarini S. Consumer per-
ceptions of edible packaging made of gelatin as chili powder
packaging. E3S Web Conf. 2022;344:04002. https://doi.org/10.
1051/e3sconf/202234404002.

ReportLinker. https://www.reportlinker.com/p06155717/
ASEAN-Probiotic-Supplements-Market-Growth-Trends-
COVID-19-Impact-and-Forecasts.html. Accessed 6 Jan 2022.
Mordor Intelligence. https://www.researchandmarkets.com/repor
ts/4771770/probiotics-market-growth-trends-covid-19. Accessed
7 Jan 2022.

Olaimat AN, Aolymat I, Al-Holy M, Ayyash M, Abu Ghoush
M, Al-Nabulsi AA, Osaili T, Apostolopoulos V, Liu SQ, Shah
NP. The potential application of probiotics and prebiotics for the
prevention and treatment of COVID-19. npj Sci Food. 2020;4(1).
https://doi.org/10.1038/541538-020-00078-9.

Khaled JMA. Probiotics, prebiotics, and COVID-19 infection: A
review article. Saudi J Biol Sci. 2021;28(1):865-9. https://doi.
org/10.1016/j.8jbs.2020.11.025.

Hu J, Zhang L, Lin W, Tang W, Chan FKL. Review article:
Probiotics, prebiotics and dietary approaches during COVID-19
pandemic. Trends Food Sci Technol. 2021;108:187-96.

@ Springer


https://doi.org/10.1080/10408398.2021.1881435
https://doi.org/10.1080/10408398.2021.1881435
https://doi.org/10.1111/ijfs.14779
https://doi.org/10.1111/ijfs.14779
https://doi.org/10.3390/foods8030092
https://doi.org/10.3390/microorganisms8121855
https://doi.org/10.3390/microorganisms8121855
https://doi.org/10.3390/polym12010012
https://doi.org/10.3390/polym12010012
https://doi.org/10.3390/foods10061306
https://doi.org/10.3390/microorganisms7010019
https://doi.org/10.3390/microorganisms7010019
https://doi.org/10.3390/dairy1030015
https://doi.org/10.3390/biomedicines9101340
https://doi.org/10.3390/biomedicines9101340
https://doi.org/10.1523/JNEUROSCI.0407-21.2021
https://doi.org/10.1523/JNEUROSCI.0407-21.2021
https://doi.org/10.3390/nu9091021
https://doi.org/10.3390/nu9091021
https://doi.org/10.3389/fmicb.2022.831737
https://www.efsa.europa.eu/en/supporting/pub/e15121
https://www.efsa.europa.eu/en/supporting/pub/e15121
https://doi.org/10.3389/fnut.2019.00078
https://doi.org/10.3390/nu12082268
https://doi.org/10.3390/ani11030609
https://doi.org/10.3389/fped.2020.583946
https://doi.org/10.3389/fped.2020.583946
https://doi.org/10.1016/j.meatsci.2017.04.015
https://doi.org/10.1016/j.meatsci.2017.04.015
https://doi.org/10.1016/j.ifset.2018.02.005
https://doi.org/10.1016/j.ifset.2018.02.005
https://doi.org/10.1016/B978-0-12-814887-7.00003-4.
https://doi.org/10.1016/B978-0-12-814887-7.00003-4.
https://doi.org/10.1007/s13197-013-1246-x
https://doi.org/10.3389/fsufs.2021.720700
https://doi.org/10.1080/10454446.2017.1244793
https://doi.org/10.1051/e3sconf/202234404002
https://doi.org/10.1051/e3sconf/202234404002
https://www.reportlinker.com/p06155717/ASEAN-Probiotic-Supplements-Market-Growth-Trends-COVID-19-Impact-and-Forecasts.html
https://www.reportlinker.com/p06155717/ASEAN-Probiotic-Supplements-Market-Growth-Trends-COVID-19-Impact-and-Forecasts.html
https://www.reportlinker.com/p06155717/ASEAN-Probiotic-Supplements-Market-Growth-Trends-COVID-19-Impact-and-Forecasts.html
https://www.researchandmarkets.com/reports/4771770/probiotics-market-growth-trends-covid-19
https://www.researchandmarkets.com/reports/4771770/probiotics-market-growth-trends-covid-19
https://doi.org/10.1038/s41538-020-00078-9
https://doi.org/10.1016/j.sjbs.2020.11.025
https://doi.org/10.1016/j.sjbs.2020.11.025

26

Current Food Science and Technology Reports (2023) 1:13-29

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

T4.0

75.

76.

77.

Han JW, Ruiz-Garcia L, Qian JP, Yang XT. Food Packaging: A
Comprehensive Review and Future Trends. Compr Rev Food
Sci Food Saf. 2018;17(4):860-77. https://doi.org/10.1111/1541-
4337.12343.

Kouhi M, Prabhakaran MP, Ramakrishna S. Edible polymers: An
insight into its application in food, biomedicine and cosmetics.
Trends Food Sci Technol. 2020;103:248-63.

Paidari S, Zamindar N, Tahergorabi R, Kargar M, Ezzati S, Shi-
rani N, Musavi SH. Edible coating and films as promising pack-
aging: a mini review. ] Food Meas Charact. 2021;15(5):4205-14.
https://doi.org/10.1007/s11694-021-00979-7.

Jeevahan J, Chandrasekaran M. Nanoedible films for food pack-
aging: a review. ] Mater Sci. 2019;54(19):12290-318. https://
doi.org/10.1007/s10853-019-03742-y.

Trajkovska Petkoska A, Daniloski D, D’Cunha NM, Naumovski
N, Broach AT. Edible packaging: Sustainable solutions and
novel trends in food packaging. Food Res Int. 2021;140:109981.
https://doi.org/10.1016/j.foodres.2020.109981.

VeflenN. https://biopen.bi.no/bi-xmlui/bitstream/handle/11250/
2687558/2596672.pdf?sequence=3&isAllowed=y.

Mauricio RA, Deliza R, Nassu RT. Consumers’ Attitudes toward
the Use of an Edible Coating for Lamb Meat According to Label
Information. Foods. 2022;11(3):1-11. https://doi.org/10.3390/
foods11030323.

Yang SH, Nugraha WS. What makes consumers purchase fresh
eggs in supermarkets: The effect of unrealistic choice set mat-
ters. Animals. 2021;11(12):1-18. https://doi.org/10.3390/anil 1
123542.

Jisana TK. Consumer Behavior Models: An Overview. Sai Om
J Commer Manag. 2014;1(5):34-43.

Nugraha WS, Chen D, Yang SH. The effect of a Halal label and
label size on purchasing intent for non-Muslim consumers. J
Retail Consum Serv. 2022;65:102873. https://doi.org/10.1016/j.
jretconser.2021.102873.

Siddiqui SA, Zannou O, Karim I, Kasmiati, Awad NMH,
Gotaszewski J, Heinz V, Smetana S. Avoiding Food Neophobia
and Increasing Consumer Acceptance of New Food Trends—A
Decade of Research. Sustain. 2022;14(16). https://doi.org/10.
3390/sul41610391.

Kvakova M, Bertkova I, Stofilova J, Savidge TC. Co-encapsu-
lated synbiotics and immobilized probiotics in human health and
gut microbiota modulation. Foods. 2021;10(6):1-28. https://doi.
org/10.3390/foods10061297.

Precup G, Pocol CB, Teleky BE, Vodnar DC. Awareness, Knowl-
edge, and Interest about Prebiotics— A Study among Romanian
Consumers. Int J Environ Res Public Health. 2022;19(3). https:/
doi.org/10.3390/ijerph19031208.

Rural Health Information Hub (RHIhub). https://www.rural
healthinfo.org/toolkits/health-promotion/2/theories-and-models/
health-belief. Accessed 6 Jan 2022. RHIhub outlines one of
their research findings, which is a theoretical model that may
be used to drive health promotion and disease prevention ini-
tiatives, as well as to explain and forecast individual changes
in health behavior; hence, this model is acknowledged to be
particularly significant for analyzing consumer behavior and
health-related food packaging.

Rausch TM, Kopplin CS. Bridge the gap: Consumers’ purchase
intention and behavior regarding sustainable clothing. J Clean
Prod. 2021;278. https://www.scopus.com/inward/record.uri?
eid=2-52.0-85090247676&d0oi=10.1016%2Fj.jclepro.2020.
123882&partner]D=40&md5=079466dc32b43310eb07114fd
75df35c. Accessed 10 Jan 2022.

Travel Medicine. https://www.sciencedirect.com/topics/medic
ine-and-dentistry/health-belief-model. Accessed 6 Jan 2022.
Chong C, Le, The PH. Consumer Buying Behavior towards Pro-
biotics Nutraceutical Products in Malaysia. 2020;2(2):1-22

@ Springer

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Rezai G, Teng PK, Shamsudin MN, Mohamed Z, Stanton JL.
Effect of perceptual differences on consumer purchase inten-
tion of natural functional food. J Agribus Dev Emerg Econ.
2017;7(2):153-73.

Pappalardo G, Lusk J. The role of beliefs in purchasing process
of functional foods. Food Qual Prefer. 2016;53:151-8. https://
doi.org/10.1016/j.foodqual.2016.06.009.

Flora S. https://www.foodnavigator.com/Article/2022/02/28/
How-much-do-consumers-know-about-probiotics-in-food.
Accessed 10 Jan 2022.

Khalesi S, Vandelanotte C, Thwaite T, Russell AMT, Dawson D,
Williams SL. Awareness and Attitudes of Gut Health, Probiotics
and Prebiotics in Australian Adults Awareness and Attitudes of Gut
Health, Probiotics and Prebiotics in Australian Adults. J Diet Suppl.
2020;0(0):1-15. https://doi.org/10.1080/19390211.2020.1783420.
Government of South Australia. https://pir.sa.gov.au/__data/
assets/pdf_file/0005/283550/Frost_and_Sullivan_-_Market_
Analysis_Luxury_Foods.pdf. Accessed 6 Jan 2022.

Bray J. https://eprints.bournemouth.ac.uk/10107/1/Consumer_
Behaviour_Theory_-_Approaches_%26_Models.pdf. Accessed
15 Jan 2022.

Panwar D, Anand S, Ali F, Singal K. Consumer Decision Making
Process Models and their Applications to Market Strategy. Int
Manag Rev. 2019;15(1):36—44.

Islam T, Sheikh Z, Hameed Z, Khan IU, Azam RI. Social Com-
parison, Materialism, and Compulsive Buying Based on Stimu-
lus-ResponseModel: A Comparative Study among Adolescents
and Young Adults. Young Consum. 2018;19(1):19-37.

Fenster K, Freeburg B, Hollard C, Wong C, Laursen RR, Ouwe-
hand AC. The production and delivery of probiotics: A review of
a practical approach. Microorganisms. 2019;7(3):1-17. https://
doi.org/10.3390/microorganisms7030083.

Afzaal M, Ullah A, Farhan K, Sajid M, Muhammad A, Khan A,
Saeed M, Aslam A, Muhammad M, Khan K, Ismail Z, Ahmed
A, Tufail T, Ateeq H, Muhammad F. Survival and stability of
free and encapsulated probiotic bacteria under simulated gastro-
intestinal conditions and in ice cream. Food Sci Nutr. 2020;00:1—
8. https://doi.org/10.1002/fsn3.1451.

Atraki R, Azizkhani M. Survival of probiotic bacteria nanoen-
capsulated within biopolymers in a simulated gastrointestinal
model. Innov Food Sci Emerg Technol. 2021;72:102750. https://
doi.org/10.1016/j.ifset.2021.102750.

Thongaram T, Hoeflinger JL, Chow JM, Miller M. Prebiotic
galactooligosaccharide metabolism by probiotic lactobacilli
and bifidobacteria Prebiotic Galactooligosaccharide Metabo-
lism by Probiotic Lactobacilli and Running Title : GOS Uti-
lization by Probiotic Bacterial Strains. J Agric Food Chem.
2017;65(20):4184-92. https://doi.org/10.1021/acs.jafc.7b00851.
Gupta M, Bangotra R, Sharma S, Vaid S, Kapoor N. Industrial
Crops & Products Bioprocess development for production of
xylooligosaccharides prebiotics from sugarcane bagasse with
high bioactivity potential. Ind Crop Prod. 2022;178(October
2021):114591. https://doi.org/10.1016/j.indcrop.2022.114591.
Onal D, Beyatli Y. Original article The effects of inulin as a
prebiotic supplement and the synbiotic interactions of probiotics
to improve oxalate degrading activity. 2018;1-11. https://doi.
org/10.1111/ijfs.13912..

Wang S. Investigation of dietary fructooligosaccharides from
different production methods : Interpreting the impact of com-
positions on probiotic metabolism and growth. J Funct Foods.
2020;69:103955. https://doi.org/10.1016/j.jff.2020.103955.
Pais P, Almeida V, Melike Y, Teixeira MC. Saccharomyces
boulardii : What Makes It Tick as Successful Probiotic ? Fungi.
2020;6:78. https://doi.org/10.3390/jof6020078.

Raddatz GC, Poletto G, Deus CDe, Franco C, Cichoski AJ,
Jacob-lopes E, Irineu E, Marlon E, Flores M, Esmerino EA.


https://doi.org/10.1111/1541-4337.12343
https://doi.org/10.1111/1541-4337.12343
https://doi.org/10.1007/s11694-021-00979-7
https://doi.org/10.1007/s10853-019-03742-y
https://doi.org/10.1007/s10853-019-03742-y
https://doi.org/10.1016/j.foodres.2020.109981
https://biopen.bi.no/bi-xmlui/bitstream/handle/11250/2687558/2596672.pdf?sequence=3&isAllowed=y
https://biopen.bi.no/bi-xmlui/bitstream/handle/11250/2687558/2596672.pdf?sequence=3&isAllowed=y
https://doi.org/10.3390/foods11030323
https://doi.org/10.3390/foods11030323
https://doi.org/10.3390/ani11123542
https://doi.org/10.3390/ani11123542
https://doi.org/10.1016/j.jretconser.2021.102873
https://doi.org/10.1016/j.jretconser.2021.102873
https://doi.org/10.3390/su141610391
https://doi.org/10.3390/su141610391
https://doi.org/10.3390/foods10061297
https://doi.org/10.3390/foods10061297
https://doi.org/10.3390/ijerph19031208
https://doi.org/10.3390/ijerph19031208
https://www.ruralhealthinfo.org/toolkits/health-promotion/2/theories-and-models/health-belief
https://www.ruralhealthinfo.org/toolkits/health-promotion/2/theories-and-models/health-belief
https://www.ruralhealthinfo.org/toolkits/health-promotion/2/theories-and-models/health-belief
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85090247676&doi=10.1016%2Fj.jclepro.2020.123882&partnerID=40&md5=079466dc32b43310eb07114fd75df35c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85090247676&doi=10.1016%2Fj.jclepro.2020.123882&partnerID=40&md5=079466dc32b43310eb07114fd75df35c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85090247676&doi=10.1016%2Fj.jclepro.2020.123882&partnerID=40&md5=079466dc32b43310eb07114fd75df35c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85090247676&doi=10.1016%2Fj.jclepro.2020.123882&partnerID=40&md5=079466dc32b43310eb07114fd75df35c
https://www.sciencedirect.com/topics/medicine-and-dentistry/health-belief-model
https://www.sciencedirect.com/topics/medicine-and-dentistry/health-belief-model
https://doi.org/10.1016/j.foodqual.2016.06.009
https://doi.org/10.1016/j.foodqual.2016.06.009
https://www.foodnavigator.com/Article/2022/02/28/How-much-do-consumers-know-about-probiotics-in-food
https://www.foodnavigator.com/Article/2022/02/28/How-much-do-consumers-know-about-probiotics-in-food
https://doi.org/10.1080/19390211.2020.1783420
https://pir.sa.gov.au/__data/assets/pdf_file/0005/283550/Frost_and_Sullivan_-_Market_Analysis_Luxury_Foods.pdf
https://pir.sa.gov.au/__data/assets/pdf_file/0005/283550/Frost_and_Sullivan_-_Market_Analysis_Luxury_Foods.pdf
https://pir.sa.gov.au/__data/assets/pdf_file/0005/283550/Frost_and_Sullivan_-_Market_Analysis_Luxury_Foods.pdf
https://eprints.bournemouth.ac.uk/10107/1/Consumer_Behaviour_Theory_-_Approaches_%26_Models.pdf
https://eprints.bournemouth.ac.uk/10107/1/Consumer_Behaviour_Theory_-_Approaches_%26_Models.pdf
https://doi.org/10.3390/microorganisms7030083
https://doi.org/10.3390/microorganisms7030083
https://doi.org/10.1002/fsn3.1451
https://doi.org/10.1016/j.ifset.2021.102750
https://doi.org/10.1016/j.ifset.2021.102750
https://doi.org/10.1021/acs.jafc.7b00851
https://doi.org/10.1016/j.indcrop.2022.114591
https://doi.org/10.1111/ijfs.13912.
https://doi.org/10.1111/ijfs.13912.
https://doi.org/10.1016/j.jff.2020.103955
https://doi.org/10.3390/jof6020078

Current Food Science and Technology Reports (2023) 1:13-29

27

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Use of prebiotic sources to increase probiotic viability in pectin
microparticles obtained by emulsification/internal gelation fol-
lowed by freeze-drying. Food Res Int. 2019;108902. https://doi.
org/10.1016/j.foodres.2019.108902.

Wu Y-P, Liu D-M, Zhao S, Huang Y-Y, Yu J-J, Zhou Q-Y.
Assessing the safety and probiotic characteristics of Bacillus
coagulans 13002 based on complete genome and phenotype
analysis. Lwt. 2022;155:112847. https://doi.org/10.1016/j.1wt.
2021.112847.

Ito D, Yamamoto Y, Maekita T, Yamagishi N, Kawashima S,
Yoshikawa T, Tanioka K, Yoshida T, Iguchi M, Kunitatsu K,
Kanai Y, Kato S, Kitano M. Do synbiotics really enhance bene fi
cial synbiotics effect on defecation symptoms in healthy adults?
Medicine (Baltimore). 2022;101(8).

Rodriguez-sorrento A, Castillejos L, Lopez-colom P,
Cifuentes-orjuela G. Assessment of the Effects of the Synbi-
otic Combination of Bifidobacterium longum subsp. infantis
CECT 7210 and Oligofructose-Enriched Inulin Against Diges-
tive Bacterial Infections in a Piglet Model. Front Microbiol.
2022;13:831737. https://doi.org/10.3389/fmicb.2022.831737.
Murray JM, Watson GJ. A critical assessment of marine aqua-
rist biodiversity data and commercial aquaculture: Identifying
gaps in culture initiatives to inform local fisheries managers.
PLoS One. 2014;9(9). https://www.scopus.com/inward/record.
uri?eid=2-52.0-84922426540&doi=10.1371%2Fjournal.pone.
0105982&partner]D=40&md5=78b7c5d733764476a814
d1528167be00. Accessed 15 Jan 2022.

Elvan M, Baysal AH, Harsa S. Microencapsulation of a poten-
tial probiotic Lactiplantibacillus pentosus and its impregna-
tion onto table olives. LWT. 2022;156:0-7. https://doi.org/10.
1016/j.1wt.2021.112975.

Pour HM, Marhamatizadeh MH, Fattahi H. Encapsulation of
Different Types of Probiotic Bacteria within Conventional /
Multilayer Emulsion and Its Effect on the Properties of Pro-
biotic Yogurt. J Food Quality. 2022;7923899. https://doi.org/
10.1155/2022/7923899.

Razavi S, Janfaza S, Tasnim N, Gibson DL, Hoorfar M.
Nanoscale Advances gastrointestinal delivery of viable pro-
biotic bacteria. Nanoscale Adv. 2021;3:2699-709. https://doi.
org/10.1039/d0na00952k.

Pupa P, Apiwatsiri P, Sirichokchatchawan W, Pirarat N. The
efficacy of three double - microencapsulation methods for pres-
ervation of probiotic bacteria. Sci Rep. 2021;(0123456789):1—
9. https://doi.org/10.1038/s41598-021-93263-z.

Majid I, Nayik GA, Dar SM, Nanda V. Novel food packaging
technologies : Innovations and future prospective. J Saudi Soc
Agric Sci. 2016. https://doi.org/10.1016/j.jssas.2016.11.003.
Baranwal J, Barse B, Fais A, Delogu GL, Amit K. Biopoly-
mer : A Sustainable Material for Food and Medical Applica-
tions. Polymers (Basel). 2022;14:983.

Ivankovi¢ A, Zeljko K, Tali¢ S, Bevanda AM, Lasi¢ M.
Biodegradable packaging Industry in the food. Arch Leb.
2017;68:26-38. https://doi.org/10.2376/0003-925X-68-26.
Turkcu D, Tura N, Ojanen V. A Conceptual Framework of the
Sustainability Challenges Experienced during the Life Cycle of
Biobased Packaging Products. Sustain. 2022;14(17). https://doi.
org/10.3390/su141710465.

Siddiqui SA, Zannou O, Bahmid NA, Fidan H, Alamou AF,
Nagdalian AA, Hassoun A, Fernando I, Ibrahim SA, Arsyad M.
Consumer behavior towards nanopackaging - A new trend in the
food industry. Futur Foods. 2022;6(August):100191. https://doi.
org/10.1016/j.fufo.2022.100191.

Lee JY, Garcia CV, Shin GH, Kim JT. Antibacterial and anti-
oxidant properties of hydroxypropyl methylcellulose-based
active composite films incorporating oregano essential oil

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

nanoemulsions. Lwt. 2019;106:164-71. https://doi.org/10.
1016/j.1wt.2019.02.061.

Ahmed J, Hiremath N, Jacob H. Antimicrobial efficacies of
essential oils/ nanoparticles incorporated polylactide films
against L. monocytogenes and S. typhimurium on contaminated
cheese. Int J Food Prop. 2017;20172912. https://doi.org/10.1080/
10942912.2015.1131165.

Gundewadi G, Rudra SG, Sarkar DJ, Singh D. Nanoemulsion
based alginate organic coating for shelf life extension of okra.
Food Packag Shelf Life. 2018;18:1-12. https://doi.org/10.1016/].
fpsl.2018.08.002.

Mohsenabadi N, Rajaei A, Tabatabaei M, Mohsenifar A. Physi-
cal and antimicrobial properties of starch-carboxy methyl cellu-
lose film containing rosemary essential oils encapsulated in chi-
tosan nanogel. Int J Biol Macromol. 2018;112:148-55. https://
doi.org/10.1016/j.ijbiomac.2018.01.034.

Nazari M, Majdi H, Milani M, Abbaspour-ravasjani S. Cinnamon
nanophytosomes embedded electrospun nano fi ber : Its e ff ects
on microbial quality and shelf-life of shrimp as a novel packag-
ing. Food Packag Shelf Life. 2019;21:100349. https://doi.org/
10.1016/j.fps1.2019.100349.

Dobrucka R. Application of Active Packaging System in Probi-
otic Foods. Sci J Logist. 2013;9(3):167-75.

Shao P, Liu L, YuJ, Lin Y, Gao H, Chen H, Sun P. An overview
of intelligent freshness indicator packaging for food quality and
safety monitoring. Trends Food Sci Technol. 2021;118:285-96.
https://doi.org/10.1016/j.tifs.2021.10.012.

Kasza G, Csenki E, Szakos D, Izs6 T. The evolution of food
safety risk communication: Models and trends in the past and
the future. Food Control. 2022;138. https://doi.org/10.1016/j.
foodcont.2022.109025.

Schaefer D, Cheung WM. Smart Packaging: Opportunities and
Challenges. Procedia CIRP. 2018;72:1022-7. https://doi.org/10.
1016/j.procir.2018.03.240.

Gvozdenko AA, Siddiqui SA, Blinov AV, Golik AB, Nagdalian
AA, Maglakelidze DG, Statsenko EN, Pirogov MA, Blinova
AA, Sizonenko MN, Simonov AN, Zhukov RB, Kolesnikov
RO, Ibrahim SA. Synthesis of CuO nanoparticles stabilized with
gelatin for potential use in food packaging applications. Sci Rep.
2022;12(1):1-24. https://doi.org/10.1038/s41598-022-16878-w.
Vilas C, Mauricio-Iglesias M, Garcia MR. Model-based design
of smart active packaging systems with antimicrobial activity.
Food Packag Shelf Life. 2020;24(June 2019):100446. https://
doi.org/10.1016/j.fps1.2019.100446.

Cunningham M, Azcarate-Peril MA, Barnard A, Benoit V, Gri-
maldi R, Guyonnet D, Holscher HD, Hunter K, Manurung S,
Obis D, Petrova MI, Steinert RE, Swanson KS, vanSinderen
D, Vulevic J, Gibson GR. Shaping the Future of Probiotics and
Prebiotics. Trends Microbiol. 2021;29(8):667-85. https://doi.
org/10.1016/j.tim.2021.01.003.

Szabd E, Szakos D, Kasza G, Ozsvari L. Analysis of the target
group of lactose-free functional foods for product development.
Acta Aliment. 2021;50(3):153-61. https://doi.org/10.1556/066.
2020.00168.

Sharif MR, Kashani HH, Ardakani AT, Kheirkhah D,
Tabatabaei F, Sharif A. The Effect of a Yeast Probiotic on
Acute Diarrhea in Children. Probiotics Antimicrob Pro-
teins 2016 84. 2016;8(4):211-214. https://doi.org/10.1007/
S$12602-016-9221-2.

Mirashrafi S, Moravejolahkami AR, Balouch Zehi Z, Hojjati
Kermani MA, Bahreini-Esfahani N, Haratian M, Ganjali Dashti
M, Pourhossein M. The efficacy of probiotics on virus titres and
antibody production in virus diseases: A systematic review on
recent evidence for COVID-19 treatment. Clinical Nutrition Espen.
2021;46:1. https://doi.org/10.1016/J.CLNESP.2021.10.016.

@ Springer


https://doi.org/10.1016/j.foodres.2019.108902
https://doi.org/10.1016/j.foodres.2019.108902
https://doi.org/10.1016/j.lwt.2021.112847
https://doi.org/10.1016/j.lwt.2021.112847
https://doi.org/10.3389/fmicb.2022.831737
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84922426540&doi=10.1371%2Fjournal.pone.0105982&partnerID=40&md5=78b7c5d733764476a814d1528167be00
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84922426540&doi=10.1371%2Fjournal.pone.0105982&partnerID=40&md5=78b7c5d733764476a814d1528167be00
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84922426540&doi=10.1371%2Fjournal.pone.0105982&partnerID=40&md5=78b7c5d733764476a814d1528167be00
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84922426540&doi=10.1371%2Fjournal.pone.0105982&partnerID=40&md5=78b7c5d733764476a814d1528167be00
https://doi.org/10.1016/j.lwt.2021.112975
https://doi.org/10.1016/j.lwt.2021.112975
https://doi.org/10.1155/2022/7923899
https://doi.org/10.1155/2022/7923899
https://doi.org/10.1039/d0na00952k
https://doi.org/10.1039/d0na00952k
https://doi.org/10.1038/s41598-021-93263-z
https://doi.org/10.1016/j.jssas.2016.11.003
https://doi.org/10.2376/0003-925X-68-26
https://doi.org/10.3390/su141710465
https://doi.org/10.3390/su141710465
https://doi.org/10.1016/j.fufo.2022.100191
https://doi.org/10.1016/j.fufo.2022.100191
https://doi.org/10.1016/j.lwt.2019.02.061
https://doi.org/10.1016/j.lwt.2019.02.061
https://doi.org/10.1080/10942912.2015.1131165
https://doi.org/10.1080/10942912.2015.1131165
https://doi.org/10.1016/j.fpsl.2018.08.002
https://doi.org/10.1016/j.fpsl.2018.08.002
https://doi.org/10.1016/j.ijbiomac.2018.01.034
https://doi.org/10.1016/j.ijbiomac.2018.01.034
https://doi.org/10.1016/j.fpsl.2019.100349
https://doi.org/10.1016/j.fpsl.2019.100349
https://doi.org/10.1016/j.tifs.2021.10.012
https://doi.org/10.1016/j.foodcont.2022.109025
https://doi.org/10.1016/j.foodcont.2022.109025
https://doi.org/10.1016/j.procir.2018.03.240
https://doi.org/10.1016/j.procir.2018.03.240
https://doi.org/10.1038/s41598-022-16878-w
https://doi.org/10.1016/j.fpsl.2019.100446
https://doi.org/10.1016/j.fpsl.2019.100446
https://doi.org/10.1016/j.tim.2021.01.003
https://doi.org/10.1016/j.tim.2021.01.003
https://doi.org/10.1556/066.2020.00168
https://doi.org/10.1556/066.2020.00168
https://doi.org/10.1007/S12602-016-9221-2
https://doi.org/10.1007/S12602-016-9221-2
https://doi.org/10.1016/J.CLNESP.2021.10.016

28

Current Food Science and Technology Reports (2023) 1:13-29

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Drago L. Probiotics and Colon Cancer. Microorg. 2019;7(3):66.
https://doi.org/10.3390/MICROORGANISMS7030066.
Gamallat Y, Meyiah A, Kuugbee ED, Hago AM, Chiwala G,
Awadasseid A, Bamba D, Zhang X, Shang X, Luo F, Xin Y.
Lactobacillus rhamnosus induced epithelial cell apoptosis, ame-
liorates inflammation and prevents colon cancer development
in an animal model. Biomed Pharmacother. 2016;83:536-41.
https://doi.org/10.1016/J. BIOPHA.2016.07.001.

Thilakarathna WW, Langille MG, Rupasinghe HV. Polyphenol-
based prebiotics and synbiotics: potential for cancer chemopre-
vention. Curr Opin Food Sci. 2018;20:51-7. https://doi.org/10.
1016/J.COFS.2018.02.011.

Yahfoufi N, Mallet JF, Graham E, Matar C. Role of probiot-
ics and prebiotics in immunomodulation. Curr Opin Food Sci.
2018;20:82-91. https://doi.org/10.1016/J.COFS.2018.04.006.
Meroni M, Longo M, Dongiovanni P. The Role of Probiotics in
Nonalcoholic Fatty Liver Disease: A New Insight into Therapeu-
tic Strategies. Nutr. 2019;11(11):2642. https://doi.org/10.3390/
NU11112642.

Horvath A, Leber B, Schmerboeck B, Tawdrous M, Zettel G,
Hartl A, Madl T, Stryeck S, Fuchs D, Lemesch S, Douschan P,
Krones E, Spindelboeck W, Durchschein F, Rainer F, Zollner
G, Stauber RE, Fickert P, Stiegler P, Stadlbauer V. Randomised
clinical trial: the effects of a multispecies probiotic vs, placebo
on innate immune function bacterial translocation and gut per-
meability in patients with cirrhosis. Aliment Pharmacol Ther.
2016;44(9):926-35. https://doi.org/10.1111/APT.13788.
Garcia-Velasco JA, Menabrito M, Catalan IB. What fertility spe-
cialists should know about the vaginal microbiome: a review.
Reprod Biomed Online. 2017;35(1):103—12. https://doi.org/10.
1016/J.RBM0.2017.04.005.

Amara AA, Shibl A. Role of Probiotics in health improvement,
infection control and disease treatment and management. Saudi
Pharm J SPJ. 2015;23(2):107. https://doi.org/10.1016/J.JSPS.
2013.07.001.

Martins GN, Ureta MM, Tymczyszyn EE, Castilho PC, Gomez-
zavaglia A. Technological Aspects of the Production of Fructo
and Enzymatic Synthesis and Hydrolysis. Front Nutr. 2019;6:78.
https://doi.org/10.3389/fnut.2019.00078.

Phavichitr N, Wang S, Chomto S, Tantibhaedhyangkul R, Kak-
ourou A, Intarakhao S, Jongpiputvanich S, Wongteerasut A,
Ben-Amor K, Martin R, Ting S, Suteerojntrakool O, Visuthra-
nukul C, Piriyanon P, Roeselers G, Knol J. Impact of synbiotics

@ Springer

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

on gut microbiota during early life: a randomized, double-blind
study. Sci Rep. 2021;11(1):1-12. https://doi.org/10.1038/
$41598-021-83009-2.

Rigo-Adrover MDM, Knipping K, Garssen J, vanLimpt K, Knol
J, Franch A, Castell M, Rodriguez-Lagunas MJ, Pérez-Cano FJ.
Prevention of Rotavirus Diarrhea in Suckling Rats by a Specific
Fermented Milk Concentrate with Prebiotic Mixture. Nutrients.
2019;11(1):189. https://doi.org/10.3390/NU11010189.

Cho YJ, Lee HG, Seo KH, Yokoyama W, Kim H. Antiobes-
ity Effect of Prebiotic Polyphenol-Rich Grape Seed Flour Sup-
plemented with Probiotic Kefir-Derived Lactic Acid Bacteria. J
Agric Food Chem. 2018;66(47):12498-511. https://doi.org/10.
1021/ACS.JAFC.8B03720/ASSET/IMAGES/ACS.JAFC.8B037
20.SOCIAL.JPEG_VO03.

Chang CJ, Lin TL, Tsai YL, Wu TR, Lai WF, Lu CC, Lai HC. Next
generation probiotics in disease amelioration. ] Food Drug Anal.
2019;27(3):615-22. https://doi.org/10.1016/J.JFDA.2018.12.011.
Kiep§ J, Dembczyiiski R. Current Trends in the Production of
Probiotic Formulations. Foods. 2022;11(15). https://doi.org/10.
3390/f0030.

Kumar V, Naik B, Kumar A, Khanduri N, Rustagi S, Kumar S.
Probiotics media: significance, challenges, and future perspec-
tive - a mini review. Food Prod Process Nutr. 2022;4(1). https://
doi.org/10.1186/543014-022-00098-w.

Terpou A, Papadaki A, Lappa IK, Kachrimanidou V, Bosnea
LA, Kopsahelis N. Probiotics in Food Systems: Significance and
Emerging Strategies Towards Improved Viability and Delivery
of Enhanced Beneficial Value. Nutrients. 2019;11(7):32 (https://
www.mdpi.com/2072-6643/11/7/1591).

Glibowski P, Bukowska A. The effect of pH, temperature and
heating time on inulin chemical stability. Acta Sci Pol Technol
Aliment. 2011;10(2):189-96.

Ali AMM, Garcia MA, Zaritzky NE. https://www.frontiersin.
org/research-topics/33758/advanced-food-packaging-edible-
films-and-coatings#overview. Accessed 6 Jan 2022.

Salgado PR, DiGiorgio L, Musso YS, Mauri AN. Recent Devel-
opments in Smart Food Packaging Focused on Biobased and
Biodegradable Polymers. Front Sustain Food Syst. 2021;5:1-30.
https://doi.org/10.3389/fsufs.2021.630393.

Adhikary T, Singh S, Sinha A, Gill PPS. Recent Advances in
Packaging and Edible Coating for Shelf Life Enhancement in
Fruit Crops. Curr J Appl Sci Technol. 2020;116-33. https://doi.
org/10.9734/cjast/2020/v3911630744.


https://doi.org/10.3390/MICROORGANISMS7030066
https://doi.org/10.1016/J.BIOPHA.2016.07.001
https://doi.org/10.1016/J.COFS.2018.02.011
https://doi.org/10.1016/J.COFS.2018.02.011
https://doi.org/10.1016/J.COFS.2018.04.006
https://doi.org/10.3390/NU11112642
https://doi.org/10.3390/NU11112642
https://doi.org/10.1111/APT.13788
https://doi.org/10.1016/J.RBMO.2017.04.005
https://doi.org/10.1016/J.RBMO.2017.04.005
https://doi.org/10.1016/J.JSPS.2013.07.001
https://doi.org/10.1016/J.JSPS.2013.07.001
https://doi.org/10.3389/fnut.2019.00078
https://doi.org/10.1038/s41598-021-83009-2
https://doi.org/10.1038/s41598-021-83009-2
https://doi.org/10.3390/NU11010189
https://doi.org/10.1021/ACS.JAFC.8B03720/ASSET/IMAGES/ACS.JAFC.8B03720.SOCIAL.JPEG_V03
https://doi.org/10.1021/ACS.JAFC.8B03720/ASSET/IMAGES/ACS.JAFC.8B03720.SOCIAL.JPEG_V03
https://doi.org/10.1021/ACS.JAFC.8B03720/ASSET/IMAGES/ACS.JAFC.8B03720.SOCIAL.JPEG_V03
https://doi.org/10.1016/J.JFDA.2018.12.011
https://doi.org/10.3390/foo30
https://doi.org/10.3390/foo30
https://doi.org/10.1186/s43014-022-00098-w
https://doi.org/10.1186/s43014-022-00098-w
https://www.mdpi.com/2072-6643/11/7/1591
https://www.mdpi.com/2072-6643/11/7/1591
https://www.frontiersin.org/research-topics/33758/advanced-food-packaging-edible-films-and-coatings#overview
https://www.frontiersin.org/research-topics/33758/advanced-food-packaging-edible-films-and-coatings#overview
https://www.frontiersin.org/research-topics/33758/advanced-food-packaging-edible-films-and-coatings#overview
https://doi.org/10.3389/fsufs.2021.630393
https://doi.org/10.9734/cjast/2020/v39i1630744
https://doi.org/10.9734/cjast/2020/v39i1630744

Current Food Science and Technology Reports (2023) 1:13-29

29

Authors and Affiliations

Shahida Anusha Siddiqui'?® - Sipper Khan® - Mohammad Mehdizadeh” - Nilesh Prakash Nirmal® -
Anandu Chandra Khanashyam® - Ito Fernando’ - Yoga Dwi Jatmiko® - Mufidah Afiyanti® -

Sonia Bansal® - Danung Nur Adli'® - Andrey Ashotovich Nagdalian'' - Andrey Vladimirovich Blinov'" -
Alexey Dmitrievich Lodygin'" - Widya Satya Nugraha'%'3 . Gyula Kasza'* - Tony R. Walker'>

>4 Shahida Anusha Siddiqui
S.Siddiqui @dil-ev.de

< Widya Satya Nugraha
widya.satya.nugraha@ugm.ac.id

Sipper Khan
sipperkhan @ gmail.com

Mohammad Mehdizadeh
mehdizade.mohammad @ gmail.com

Nilesh Prakash Nirmal
nilesh.nir@mahidol.ac.th

Anandu Chandra Khanashyam
Khanashyamac @ gmail.com

Ito Fernando
i_fernando@ub.ac.id

Yoga Dwi Jatmiko
jatmiko_yd@ub.ac.id

Mufidah Afiyanti
m.afiyanti@ub.ac.id

Sonia Bansal
sonyal2323 @gmail.com

Danung Nur Adli
danungnuradli@ub.ac.id

Andrey Ashotovich Nagdalian
anagdalian@ncfu.ru

Andrey Vladimirovich Blinov
ablinov@ncfu.ru

Alexey Dmitrievich Lodygin
allodygin@yandex.ru

Gyula Kasza
kasza.gyula@univet.hu

Tony R. Walker
trwalker@dal.ca

Campus Straubing for Biotechnology and Sustainability,
Technical University of Munich, Essigberg 3,
94315 Straubing, Germany

German Institute of Food Technologies (DIL E.V.),
Prof.-Von-Klitzing Str. 7, 49610 D Quakenbriick, Germany

Tropics and Subtropics Group, Institute of Agricultural
Engineering, University of Hohenheim, 70593 Stuttgart,
Germany

Department of Agronomy and Plant Breeding, Faculty
of Agriculture and Natural Resources, University
of Mohaghegh Ardabili, Ardabil, Iran

Institute of Nutrition, Mahidol University, Nakhon Pathom,
Thailand

Department of Food Science and Technology, Kasetsart
University, Bangkok 10900, Thailand

Department of Plant Pest and Diseases, Faculty
of Agriculture, Universitas Brawijaya, Malang 65145,
Indonesia

Department of Biology, Faculty of Mathematics and Natural
Sciences, Universitas Brawijaya, Malang 65145, Indonesia

Institute of Molecular Biology, Academia Sinica, 128
Academia Road, Section 2, Nankang, Taipei 11529, Taiwan

Faculty of Animal Science, Universitas Brawijaya, Malang,
East Java 65145, Indonesia

North Caucasus Federal University, Pushing Street 1,
355000 Stavropol, Russia

Department of Agricultural Socio-Economics, Faculty
of Agriculture, Universitas Gadjah Mada, Special Region
of Yogyakarta, Yogyakarta 55281, Indonesia

Doctoral School of Food Science, Hungarian University
of Agriculture and Life Sciences, Vill anyi Street 29-43,
1118 Budapest, Hungary

Department of Applied Food Science, University
of Veterinary Medicine Budapest, Istvan U. 2,
Budapest 1078, Hungary

School for Resource and Environmental Studies, Dalhousie
University, Halifax, NS, Canada

@ Springer


http://orcid.org/0000-0001-6942-4408

	Consumer Studies Focus on Prebiotics, Probiotics, and Synbiotics in Food Packaging: a Review
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Prebiotics, Probiotics, and Synbiotics in the Food Industry
	Prebiotic
	Probiotics
	Synbiotic

	Consumer Behavior Models to Predict Prebiotic, Probiotic, and Synbiotics in the Food Packaging Industry
	Consumer Buying Behavior Models
	Barriers to Widescale Applications of Prebiotics, Probiotics, and Synbiotics
	Viability and Functionality of Bioactive Agents

	Packaging Materials
	Innovations in Food Packaging
	Consumer Supplementary Benefits from Prebiotics, Probiotics, and Synbiotics in Food Packaging

	Future Perspectives and Conclusions
	References


