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Abstract

Oral dissolving film (ODF) emerges as a novel active substance delivery system, offering portability, safety, and com-
pliance. ODF presents superior gastrointestinal absorption compared to conventional food products, making it ideal
for providing nutrition and medication support to vulnerable populations such as children, the elderly, and individu-
als with dysphagia. With promising applications in pharmaceuticals and especially food industry, ODFs offer a highly
absorbable method for delivering nutritious and healthy foods. This review underscores the potential of orally dis-
solving films in active substance delivery, outlining their advantages over traditional oral delivery methods and their
current market status. Additionally, the review discusses the formulation procedure, production methods, and quality
evaluation methods for film dosage forms of ODFs. Lastly, it examines the limitations of ODFs and speculates on their
future trends in the food industry. This study serves as a valuable reference for the development and utilization

of orally dissolving films in the food sector.
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Introduction

Traditional oral preparations like tablets, capsules, and
liquids have drawbacks such as inconvenience in car-
rying, difficulty swallowing, and limitations for elderly
individuals, children, those prone to nausea, or those
under anesthesia (He et al, 2021). Hence, there is a
need for safer and more convenient delivery systems
(Fernandes, 2023; Lou et al., 2023). Oral dissolving film
(ODF) emerges as a novel method for delivering active
substances orally. It is portable, exhibits good safety and
compliance features, and demonstrates significant poten-
tial for delivering active substances orally. Particularly
for conditions such as Parkinson’s disease, stroke, mus-
cular disorders, and esophageal disorders, characterized
by severe swallowing difficulties, ODF offers therapeutic
active substances and essential micronutrients needed
by the body (Mclntosh, 2023). ODFs are also recog-
nized in the United States Pharmacopeia (USP32-NF27)
as thin sheets inserted into the mouth, potentially con-
taining one or more layers of active substances. Accord-
ing to the 11th Edition of the European Pharmacopoeia,

an ODF is a formulation designed for oral drug delivery.
The Chinese Pharmacopoeia defines a film formulation
as a film-like preparation created by processing a drug
with a suitable film-forming material for oral or mucosal
administration. Consequently, ODF is gaining increas-
ing attention as a safe and effective new method of oral
delivery. In the realm of food, ODFs function as effective
carriers capable of delivering active ingredients, thereby
enhancing the bioavailability of these components. They
overcome barriers related to difficult absorption and
low utilization of active ingredients, emerging as visible
options for nutritional and healthcare products.

This paper examines the research trends concerning
ODF, focusing on its advantages over traditional oral
delivery, current market status, formulation process,
preparation methods, and limitations. We conducted
searches on the Web of Science, PubMed, and Scopus
databases using keywords such as oral film, oral disso-
lution film, preparation method, development method,
and detection method. We selected literature from the
past decade, differentiating between research articles and



Li et al. Food Production, Processing and Nutrition (2025) 7:9

review articles. Subsequently, we focused on the formu-
lation process of oral instant film, preparation methods,
and applications in the food industry based on the con-
tent of the selected readings. In contrast to prior stud-
ies, this paper primarily evaluates the current market
landscape, assesses the impact of formulation processes
on membrane agent performance, and explores new
preparation methods to further advance the development
of ODF. It anticipates future research directions in the
health food sector concerning ODE.

Differences between ODF and traditional active delivery
ODE, as a novel delivery method, offers advantages not
found in other dosage forms. Compared to traditional
oral routes, some active ingredients face limitations in
human absorption due to various drawbacks such as low
bioavailability, slow onset of action, poor solubility and
permeability, intolerance to the acidic and enzymatic
environment of the gastrointestinal tract, and suscepti-
bility to hepatic first-pass effect (Karki et al., 2016). ODF
facilitates rapid penetration and absorption of active
ingredients without harming normal tissues while also
shielding them from degradation in the acidic and enzy-
matic digestive environment. In terms of public accept-
ance, ODF outshines other oral preparations due to its
portability and dosing flexibility afforded by packaging. It
enjoys widespread acceptance for its ease of administra-
tion and dosage flexibility. Compared to traditional oral
dosage forms, ODF is more readily absorbed in the oral
cavity and suits a broader demographic, including the
elderly, children, infants, individuals with swallowing dif-
ficulties, and the general populace.

The emergence of ODF as a new membrane agent
that increases active ingredient absorption through
its concentration flexibility has been widely studied
in the pharmaceutical field, and for food-active ingre-
dients, dietary supplements have been increasingly
studied. The emergence of ODF as a novel membrane
agent, enhancing active ingredient absorption through
its concentration flexibility, has been extensively stud-
ied in the pharmaceutical field. Additionally, there is
a growing body of research focusing on food-active
ingredients and dietary supplements. Studies have
investigated ODF loaded with natural active substances
such as curcumin (Silvestre et al., 2023), micronutrients
(Cupone et al., 2023), and apigenin (Takashima et al.,
2022) to enhance their bioavailability in the human
body. Furthermore, there is a rising interest in explor-
ing other food ingredients for loading into ODF (Yuan
et al., 2022). Numerous studies have conclusively dem-
onstrated that ODF enjoys wide acceptance among
various demographic groups due to its ease of admin-
istration, potentially leading to improved adherence to
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various active components (Abdelhakim et al., 2020;
Laffleur & Keckeis, 2020). While ODF is not a new
delivery technology, its easy absorption and portability
make it promising for developing beneficial health and
wellness products. This potential could significantly
impact the future of the food industry (Bala et al., 2013;
Garcia et al., 2018, 2020; Musazzi et al., 2019).

ODF current market situation

Initially, films were primarily utilized as oral freshen-
ers loaded with active ingredients such as vitamins. For
instance, in 2001, Pfizer developed an oral film tablet, Lis-
terine, as an oral freshener. Subsequently, Prestige Brands
introduced ODF, the first drug utilizing benzocaine and
menthol to treat a sore throat. Another company fol-
lowed suit, introducing ODF containing herbal saponin
to address constipation (Preis, 2015). The FDA approved
the first drug formulation of ODF, Zuplenz (ondanse-
tron), in 2010, with suboxone (buprenorphine hydro-
chloride and naloxone) being the second FDA-approved
drug. Gradually, ODF gained traction in the pharmaceu-
tical field. However, during the early stages of market
adoption, the standardization of the film was unclear, and
challenges such as imperfect testing standards for verte-
brae and drug load limitations arose. In recent years, with
improved research on the quality of standard vertebrae in
the film, ODF has transitioned from initial use in fresh
dose products to clinical research (Cilurzo et al., 2018).
Due to their convenient and effective delivery of active
ingredients, ODFs have garnered significant attention
from research institutions. While related products are
available in the Chinese market, their exploration in the
food industry remains limited. Various products, such
as new melatonin ODFs (Musazzi et al., 2019), ODFs for
protein delivery (Tian et al., 2018), and other healthcare-
oriented ODFs, continue to be developed, expanding the
market for film agents’ applications (Table 1). However,
the preparation of ODFs loaded with bioactives is cur-
rently widely studied in food processing. The application
of ODFs in food aims to deliver dietary supplements or
natural bioactive compounds to the body, including anti-
inflammatory and antioxidant natural active ingredients
from herbs (Bodini et al., 2020), the widely available but
underutilized dietary polyphenol quercetin (Lai et al.,
2015), the essential nutrient vitamin C (Cheng et al,
2024), and soy protein for bone health (Kaur & San-
thiya, 2022). However, the selection of active ingredients
requires caution as some are not yet approved for food
use, potentially increasing costs, and ODFs may only
maintain the bioactivity of the active ingredient for a brief
period, posing limitations in functional food processing.
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Table 1 Oral film products in China and international markets
District Name of product Effective ingredients Standard Year
China Meperidine hydrochloride orally dis- Meperidine hydrochloride 5mg; 10 mg 2022
solved film
Ondansetron orally dissolved film Ondansetron 4 mg; 8 mg 2022
Aripiprazole orally dissolved film Aripiprazole 10 mg; 15 mg 2022
Tadalafil orally dissolved film Tadalafil 2.5mg; 5mg; 10 mg 2022
Montelukast sodium orally dissolved Montelukast sodium 4mg;5mg 2021
film
Olanzapine oral dissolution film Olanzapine 5mg; 10 mg 2021
China Taiwan Please orally soluble film Sildenafil 100 mg 2021
Caliberi Orodispersible Film Tadalafil 5mg; 20 mg 2020
FDA approval for marketing ~ Diazepam Diazepam 5mg; 7.5 mg; 10 mg, etc 2022
Buprenorphine Buprenorphine 8mg;12mg 2022
hydrochloride and naloxone hydro- Hydrochloride; naloxone hydrochlo-
chloride ride
Igalmi Dexmedetomidine hydrochloride 0.12mg;0.18 mg 2022
Buprenorphine Buprenorphine 0.075 mg; 0.15 mg; 0.3 mg, etc 2021
hydrochloride hydrochloride
Kynmobi Apomorphine hydrochloride 10 mg; 15 mg; 20 mg 2020
Buprenorphine Buprenorphine 2mg; 4 mg 2020
hydrochloride and naloxone hydro- Hydrochloride; naloxone hydrochlo-
chloride ride
Exservan Riluzole 50mg 2019
EU approval for marketing Emylif Riluzole 50mg 2022
Kynmobi Apomorphine hydrochloride 30mg 2022
Isicort Dexamethasone 4 mg; 6 mg; 8 Mg 2021
Setofilm 4/8 mg schmelzfilme Ondansetron 4mg; 8mg 2019
PMDA approval for marketing rusefi OD film 2.5 mg Rousseffi 25mg 2022
Ondansetron OD film 4 mg TGFP} Ondansetron 2 mg; 4 mg 2019
Revactio OD film 20 mg Sodium citrate 20mg 2018
Zolpidem tartrate OD film Zolpidem tartrate 5mg; 10 mg 2012
Donepezil hydrochloride OD film Donepezil hydrochloride 3'mg; 5mg; 10 mg 2013

Oral dissolving film formulation process

ODF necessitates a suitable skeleton material to carry the
bioactive substance and facilitate rapid dissolution within
the oral cavity, such as in the buccal or sublingual mucosa
(Ilangakoon et al, 2014). Generally, ODF consists of
active substances, film-forming materials, plasticizers,
and flavor modifiers, all of which must be non-toxic, edi-
ble, and compliant with film agent requirements. Most
film agents have compositions comprising 0—70% (W /W)
active substances for primary loading, 30-70% film-
forming materials, 0—20% plasticizers, 1-2% surfactants,
0-20% fillers, 0-2% (W/W) coloring agents, and appro-
priate quantities of release agents (Turkovi¢ et al., 2022).

Film-forming materials

Film-forming materials represent the most crucial com-
ponents of ODF, directly impacting the rate of active
substance release and compatibility with the membrane
agent (Salawi, 2022). These materials fall into two main

categories: natural and synthetic or semisynthetic poly-
mers. The first category includes natural materials like
chitosan, sodium alginate, hyaluronic acid, starch, and
gelatin (Pacheco et al.,, 2021). The second category com-
prises synthetic or semisynthetic polymers such as
hydroxypropyl methylcellulose (HPMC), hydroxypropyl
cellulose (HPC), polyvinyl alcohol (PVA), and polyeth-
ylene glycol (PEG) (He et al., 2021). Researchers often
favor natural polymers over synthetic ones due to their
perceived safety and consumer reassurance. However,
membrane agents derived from natural polymers can be
unstable. Therefore, recent studies tend to combine mul-
tiple natural polymers to enhance stability. For instance,
Qin et al. (2019) utilized electrostatic spinning technol-
ogy to produce chitosan/prulan polysaccharide com-
posite nanofiber ODFs, resulting in improved thermal
stability, good water solubility, and well-spun membrane
agents. To further bolster stability and active ingredient
release, some studies employ a combination of natural
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and synthetic film-forming materials. Chen and Doyle
(2022) developed oral films containing homogeneous
drug nanoparticles embedded in a dry HPMC matrix,
yielding highly effective oral films with adjustable release
rates.

Plasticizers

Plasticizers are primarily utilized in film agents to
enhance their toughness and prevent breakage or crack-
ing. Common plasticizers, such as propylene glycol, poly-
ethylene glycol, glycerol, and sorbitol, typically improve
the mechanical characteristics of oral film agents. Vari-
ances in plasticizer usage and the type of film-forming
material employed can influence the quality of the final
product. Mazumder et al. (2017) investigated the impact
of plasticizer-to-film-former ratio variables on ODF qual-
ity, revealing a sensitivity of dissolution rate to this ratio.
This underscores the critical role of the plasticizer-to-
film-former ratio in ODF manufacturing. Research has
also explored the use of multiple plasticizers in combina-
tion to enhance film agent performance. Relevant tests
have shown that employing different plasticizer blends
yields more satisfactory improvements in film mechani-
cal features. Shojaee et al. (2020) elucidated that poly-
vinyl alcohol (PVA)/chitosan blends and polyethylene
glycol/glycerol exhibited synergistic plasticizing effects,
enhancing blend compatibility and improving elonga-
tion at break. Such film agents boast favorable mechani-
cal and morphological properties and hold promise for
applications in the food industry.

Disintegrants

Disintegrants facilitate the rapid breakdown of tablets
into fine particles in gastrointestinal fluid, allowing for
swift dissolution, absorption, and effectiveness of func-
tional components. They are commonly employed in
tablets, capsules, and membranes to achieve the disinte-
gration and release of active ingredients. Commonly used
disintegrating agents include low-substituted hydroxy-
propyl cellulose and cross-linked sodium carboxymethyl
cellulose. ODFs function within the oral cavity, requiring
swift release of loaded active chemicals, necessitating the
addition of a disintegrant. Excellent film agents typically
disintegrate within approximately 30 s, with most falling
within the range of 30 to 120 s. In a study by Alghaith
et al. (2022), utilizing flibanserin as a fast-dissolving
oral film agent and cross-linked povidone as a disinte-
grant, optimization of the formulation process yielded
good physical and mechanical properties, achieving an
optimized disintegration time of 30 s. This film agent
bypasses the first-pass effect, offering fast-acting prop-
erties that enhance bioavailability, making it superior to
traditional dosage forms. Some studies have highlighted
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the benefits of natural disintegrants, such as their non-
toxic disintegration properties. Draksiene et al. (2021)
utilized the natural polymer chitosan as a superdisinte-
grant in rapidly orally disintegrating meloxicam tablets,
resulting in favorable mechanical and disintegration
properties, as well as impressive dissolution rates. How-
ever, there is limited research on the incorporation of
natural disintegrants in ODFs, likely due to their poten-
tial impact on film agent stability.

Sweeteners

The mouth is the most sensitive organ for taste in
humans, and many filmic agents loaded with active ingre-
dients or substances taste bitter. This necessitates the
use of sweeteners to improve the taste of the film agent.
However, ODFs are specifically designed for children or
older adults with swallowing difficulties, making their
taste requirements more significant than those of other
dosage forms. Various types of sweeteners, both natu-
ral and synthetic, are employed in research. Sweeteners
are particularly common in ODF products with health
benefits. For example, erythritol was FDA-approved as
a flavor modifier in Strative Pharmaceuticals’ ondanse-
tron ODF formulation Zuplenz in 2010. Abou-Taleb et al.
(2022) screened three sweeteners (sorbitol, acesulfame K,
and sucralose) to solubilize and mask the bitter taste of
vardenafil loaded with biodegradable polymeric materi-
als. Their findings indicated that while the solubilization
capacity of the three sweeteners was comparable, ODFs
based on sucralose or acesulfame K exhibited superior
sweetness and palatability compared to those containing
sorbitol.

Stabilizers and thickeners

Typically, oral film agents begin with the preparation of
the first active ingredients and excipients in a solution
or suspension. To maintain consistency in the active
components or suspension, stabilizers or thickeners are
necessary additives. Commonly utilized stabilizers and
thickeners include pectin and cellulose derivatives. Addi-
tionally, some studies have incorporated cosolvents, such
as Tween 80, to expedite solvent dissolution and active
ingredient release.

Due to its characteristics, such as adhesion and disin-
tegration in the oral cavity, ODF requires excipients to
serve as a backbone alongside the active ingredient in
its formulation. The film-forming material acts as the
backbone, necessitating careful consideration of the sta-
bility of the film agent loaded with the active substance.
The polymer used should be safe and non-toxic. Other
additives, including disintegrants, plasticizers, and
sweeteners, are also essential for achieving the desired
quality performance and pleasant taste of ODF. Ensuring
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compatibility between these excipients and the active
ingredients is crucial, especially in food research. Interac-
tions between active substances and these excipients can
result in the loss of desirable active ingredients, as well as
potential side effects and toxicity (He et al., 2021). When
these necessary additives are combined, mouth-soluble
films of consistent quality, good performance, and pleas-
ant taste can be produced.

Preparation process

ODF consists of flat sheets that are inserted into the
mouth. These sheets comprise very thin polymer strips
containing an active ingredient designed to break down
within seconds in the mouth, thus enhancing the efficacy
of the active ingredients (Hoffmann et al., 2011; Jaiswal,
2014; Silva et al., 2015). Numerous studies have demon-
strated the versatility of ODF for both food and phar-
maceutical applications. For instance, Yu et al. (2022)
utilized 3D printing to prepare curcumin-containing
ODFs, customizing health and nutritional products.
Heinemann et al. (2013) developed ODFs for delivering
probiotics in the oral cavity, serving as a simple and inno-
vative carrier for probiotic intake. Ockun et al. (2022)
extracted ODFs from anthocyanin-rich Vaccinium myr-
tillus fruit extracts to improve anthocyanin bioavail-
ability in the human body, enhancing nutritional value.
Additionally, Saha et al. (2013) formulated a new probi-
otic oral film for treating/preventing oral diseases and
serving as a biotherapy agent for oral health. Common

Advantage

Simple operation
Wide applicability
Suitable for industrialization

Short time consumption
High uniformity

No water or organic solven
Convenient parameter contro

Large specific surface area
High drug loading
Good solubility and permeability

Individual design
Flexible provisioning
Dose precision
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techniques for preparing ODF include solvent casting,
hot melt extrusion, electrostatic spinning, printing, and
electrostatic spray deposition (Fig. 1).

Solvent casting

Solvent casting has become the most practical and widely
utilized method for their preparation. In this process,
film-forming substances, active ingredients, and other
edible excipients are dissolved or dispersed in water and
stirred at high speed. This action helps to discharge air
bubbles from the liquid, which is then spread in a mold
or directly coated into a film. Finally, the film is cut and
packed according to specifications and opened before
use (Fig. 2). Prajapati et al. (2018) utilized the solvent
casting method to formulate oral films of zolmitriptan
with purulan polysaccharide, optimizing their properties
and ensuring stable zolmitriptan preparation. Similarly,
Shah et al. (2022) employed the solvent casting method
to design and develop an oral membrane containing zol-
mitriptan with excellent properties for the treatment of
migraines.

The solvent casting method is simple, versatile, and
suitable for industrial manufacturing. However, strict
regulation of production parameters is essential through-
out the process. Additionally, this method requires the
use of a significant amount of volatile organic solvents,
which can lead to solvent residue and safety concerns.
Furthermore, the final products may exhibit issues such

Fig. 1 Comparative chart of advantages and disadvantages of oral dissolving film preparation methods. (Pant et al., 2019) Copyright 2019

Pharmaceutics,, (Elkanayati et al,, 2022) Copyright 2022 Elsevier BV
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as a rough film surface, variable film agent thickness, and
poor product stability (Ferlak et al., 2023).

Hot-melt extrusion method

Hot-melt extrusion (HME) is essentially a method for
shaping thin films from a molten mixture of raw mate-
rials and excipients. During the preparation process,
the active ingredients, film-forming material, and other
excipients are mixed and heated to their melting point to
create a homogeneous molten mixture. This mixture is
then forced through a perforated die with external pres-
sure to form the desired film. Finally, the film is chopped,
chilled, and packed to produce the final product (Fig. 2).
Cho et al. (2020) utilized hot melt extrusion combined
with 3D printing to prepare ODF from olanzapine. The
results demonstrated that this technique enables the
rapid preparation of personalized films with stable prop-
erties and a fast dissolution rate. Similarly, Speer et al.
(2018) developed an oral film containing anhydrous theo-
phylline as the model ingredient and polyacrylic resin
as the matrix-forming agent using solvent calendering
combined with hot melt extrusion. This film exhibited
rapid disintegration and prolonged release of the active
ingredient. HME is increasingly employed in industry as
a solvent-free continuous process that offers improved
content uniformity (Jani & Patel, 2015).

HME is a brief and efficient manufacturing process
that eliminates the need for water or organic solvents, as
well as heating and drying. Additionally, active ingredi-
ents and excipients are uniformly dispersed in the molten
state, resulting in a film with excellent content homoge-
neity. This method offers straightforward parameter con-
trol throughout manufacturing and minimizes waste of
raw materials and excipients. However, the HME method
requires precise formulation and has limitations regard-
ing the compatibility of certain active ingredients, par-
ticularly heat-sensitive ones. The melting process can
affect the stability of the API, as well as the taste and sta-
bility of the polymers, making it unsuitable for temper-
ature-sensitive bioactive molecules. Another challenge
associated with HME is the phenomenon of off-die swell-
ing, also known as the balas effect, which can signifi-
cantly diminish film properties.

Electrostatic spinning

Electrostatic spinning, also known as electrospinning,
is a common technique used for preparing nanofibers.
When subjected to an electric field, droplets of the pol-
ymer solution can transition from spheres to cones and
then further extend into nanoscale filaments. As the
potential of electrostatic spinning has been explored, it
has found widespread use in recent years for produc-
ing oral films loaded with active substances (Fig. 3).
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Illangakoon et al. (2014) prepared polyvinylpyrrolidone
fibers loaded with paracetamol (PCM) and caffeine
(CAF) using electrostatic spinning. They investigated
these fibers as potential ODFs, resulting in a film agent
with a high loading capacity for active ingredients,
good resistance to folding, excellent solubility, and ease
of swallowing. Similarly, Song et al. (2019) selected the
poorly soluble medication piroxicam (PX) as an APIL
PX microcrystals were produced through antisolvent
precipitation and then incorporated into ODFs using
electrostatic spinning. By combining micronization and
electrostatic spinning processes, poorly stable compo-
nents can be formulated into high-quality ODFs.

The substantial specific surface area of membrane
agents prepared by electrostatic spinning enhances the
loading capacity of active ingredients, improves their
solubility and permeability, and facilitates excellent
sustained release. However, the electrostatic spinning
method requires complex and costly equipment, as well
as multiple phases in the preparation process. These
factors significantly hinder its industrialization and
commercialization in the food and biomedical fields.

Printing method

Printing technology, a computer-aided design (CAD)
process, involves stacking printed materials layer by
layer to create a product with the desired form. This
approach enables continuous one-step manufacturing
and allows for the individual design of multiple active
ingredients at different doses (C6l et al., 2023; Wang
et al., 2022) (Fig. 4). Due to its characteristics, 3D print-
ing is also referred to as additive manufacturing and
holds significant potential for food production, rapid
administration of active ingredients, and personalized
treatment (Dong et al., 2022; Mirazimi et al., 2022).
Currently, 3D printing is utilized in the preparation of
oral dissolving film agents through various techniques
such as fused deposition modeling (FDM) (Jamréz
etal., 2017), 3D inkjet printing (Edinger et al., 2018) and
semisolid extrusion 3D printing (Panraksa et al., 2021).
Elbl et al. (2023) employed a novel semisolid extrusion
3D printing method to produce multilayer ODFs with
added porogenic agents, resulting in membranes with
favorable disintegration times and multilayer structures
that enhance the loading of active ingredients. This
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discovery holds significant potential for applications in
the pharmaceutical and food industries.

Compared to the solvent casting method, 3D print-
ing offers more options for personalization in terms of
the size, geometry, and internal structure of the printed
object. This allows for greater flexibility in selecting and
formulating the dose of active ingredients and improves
the solubility of the prepared film agent (Jamrdz et al,
2017). However, 3D printing techniques are expensive,
time-consuming, and unsuitable for large-scale produc-
tion. Additionally, they require specific printing mate-
rials, and certain printing methods have limitations.
For example, FDM 3DP printing at high temperatures
(>120 °C) may lead to active ingredient degradation and
relatively low resolution.

Solvent casting remains the classical method for pre-
paring ODFs, commonly used in industrial produc-
tion today. However, numerous new techniques are
emerging and developing, including hot melt extru-
sion, electrostatic spinning, and printing methods. The
choice of preparation method for ODFs depends on
the properties of the loaded active substance and the
stability of the film agent itself. HME offers uniform-
ity and safety without the need for organic solvents
but is unsuitable for heat-sensitive ingredients and is
highly restrictive in its prescription requirements. 3D
printing provides flexibility in form and taste, allow-
ing optimization of the formulation process at any time
and enabling increased content of the active ingredi-
ent, enhancing marketability. Electrostatic spinning
encases the loaded active substance in a fiber core,

improving bioavailability, while the fine fiber composi-
tion of the film agent features many tiny voids, enabling
rapid release of the ODFs. These methods have gained
increasing attention as emerging technologies. In the
food industry, solvent casting remains popular due to
its suitability for industrial production, though it suffers
from unstable quality of the membrane active ingredi-
ent. Combining these methods with other emerging
technologies not only overcomes the limitations of tra-
ditional solvent casting but also enhances ODF perfor-
mance, including the preparation of multilayered oral
membranes for slow release of the drug, resulting in
more desirable ODFs. Particularly noteworthy is the
increasing recognition of the flexibility and customiza-
tion benefits of 3D printing. However, the manuscript
lacks crucial information regarding methods for load-
ing or incorporating micronutrients into the ODFs, as
well as details on storage and shelf life.

Film evaluation

ODF products, primarily drugs or food items, have spe-
cific quality and stability requirements in the market.
Currently, most ODF products available are medica-
tions and nutritional supplements, necessitating strin-
gent quality and stability standards. However, as film
agent products continue to evolve, there is a lack of
clear quality evaluation standards tailored to ODF char-
acteristics and international film preparation standards.
Presently, market evaluation of film agents primar-
ily focuses on appearance, solubility, active ingredient
content, and mechanical properties.
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Apparent properties

The visible characteristics of the film include its color,
morphology, and flavor. These properties serve as fun-
damental test criteria for the film and offer the most
visible indicators of ODF quality. Asatiani et al. (2023)
utilized two types of hydroxypropylmethylcellulose as
substrates for ODFs prepared via electrostatic spinning
and observed that the resulting films were brittle. Their
study highlighted how minor discrepancies in different
polymers can significantly influence the crucial proper-
ties of electrostatically spun orally disintegrating films.
Liu et al. (2018) developed palatable donepezil ODFs
to aid in swallowing and investigated the taste-mask-
ing effect of cyclodextrin through dynamic processes
and in vivo absorption of active ingredients. They used
hydroxypropyl-B-cyclodextrin to encapsulate and mask
the active ingredients. Based on these findings, the
improved film is more easily ingested and yields results
comparable to those of the donepezil hydrochloride
film.

Dissolution and active ingredient loading

Dissolution is the rate and degree of dissolution of
bioactive ingredients from a solid formulation, such
as a tablet, in a prescribed solvent. Dissolution is an
important indicator for the quality control of tablets,
and insoluble bioactive ingredients should generally
be checked for dissolution. This is also a characteris-
tic test item for oral film-based agents. There is still no
acknowledged technique for detecting ODF dissolution,
and a method for determining common formulations is
often utilized. ODF is primarily distinguished by oral
absorption, and standard formulation dissolution tech-
niques are not physiologically relevant to ODF. Krampe
et al. (2016) proposed a new method for determining
ODF dissolution by simulating human oral saliva. The
dissolution effect of ODF was observed by simulat-
ing the flow or mechanical force of human oral saliva,
demonstrating that the conditions in the oral cavity dif-
fer significantly from those in pharmacopoeia tests on
the dissolution effect of ODF. The small size of the film
limits the ODF; therefore, the active ingredient loading
capacity is generally 5-30% of the overall film dosage of
the active ingredient. The greater the active-component
loading, the weaker and less robust the film. Vuddanda
et al. (2017) prepared orally administered polymeric
films loaded with tadalafil (TDF) nanocrystals to study
the effect of active ingredient loading on their physical,
mechanical, and dissolution properties and demon-
strated that the active ingredient properties of the films
varied with the amount of active ingredient loading.
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Mechanical properties

The mechanical properties of the film agent, includ-
ing the folding resistance, elongation at break, tensile
strength, and coefficient of elasticity, were evaluated.
The folding resistance represents the brittleness of the
film, which is the number of folds that break or show
obvious increases after folding at the same position;
the lower the number, the more brittle is the film agent.
The tensile strength, or strength limit, is the maximum
force used to pull the ODF agent off. Baranauskaite et al.
(2022) prepared an ODF containing ginseng root extract,
and the mechanical characteristics, disintegration, ten-
sile strength, and elongation at fracture of the ODF were
determined. The results showed that the resulting film
was good. The results showed that the ODF had good
mechanical properties and rapid release characteristics,
and the incorporation of the active substance promoted a
decrease in tensile strength and an increase in elongation.

Formulation stability studies

Stability studies are an important part of API or formula-
tion quality control studies. The stability of the designed
and developed film agent is an important indicator for
determining whether the film agent qualifies after pre-
scription optimization and property evaluation. It exam-
ines the sensitivity of the formulation to light, moisture,
heat, oxidation, and the main degradation products and
pathways and accordingly determines the choice of suita-
ble packaging materials. DCruz et al. (2021) Formulation
of lacidipine-loaded span-lastic ODFs. Stability stud-
ies performed after 3 months showed no changes in the
physical appearance, mechanical properties, or bioavail-
ability of lacidipine. Heinemann et al. (2013) developed
an oral dissolving film (ODF) for the oral administration
of probiotics and showed that less than 15% of the pro-
biotics were lost during storage, and that the probiotics
had high viability during 90 days of storage. The normal
shelf life of ODFs is generally 3—6 months, whereas some
pharmaceutical films have a shelf life of up to 12 months
(Australian Public Assessment Report).

In vivo pharmacokinetic evaluation

One of the advantages of orally dissolving films is that
bioactive ingredients are absorbed more rapidly and have
better bioavailability. Bioactive ingredients are rapidly
absorbed into the blood circulation via the oral cavity,
avoiding the initial metabolism of the liver. Its bioavail-
ability is higher than that of traditional oral tablets and
capsules. Ma et al. (2020) developed a novel sublingual
orally dispersible film loaded with everolimus (EVR).
Pharmacokinetic studies demonstrated that loading a
sublingual orally dispersible film significantly increased
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the oral bioavailability of EVR. The Aldawsari and Badr-
Eldin (2020) optimized ODF formulation enhanced the
pharmacokinetic properties of dapoxetine hydrochlo-
ride and improved patient compliance. The bioavail-
ability of other micronutrients and active substances is
also affected by orally dissolving films. Liu et al. (2017)
prepared an oral fast-dissolving film containing luteolin
nanocrystals with a blood concentration twice that of
the oral solution, which improved the low oral bioavail-
ability of luteolin. Radicioni et al. (2022) compared the
bioavailability of an orally disintegrating film of vitamin
D3 with that of a commercially available oral vitamin D3
formulation in healthy subjects. The results showed that
its bioavailability was slightly greater than that of the oral
solution administered under the same conditions.

Examination of clinical experimental studies

Oral dissolving films, as a novel mode of active ingredient
delivery for delivering active substances, need to be eval-
uated for clinical utility, in general for their safety, and
efficacy in the human body. Nishigaki et al. (2012) devel-
oped an ODF containing dexamethasone as an antiemetic
for clinical practice, and the results proved that its effi-
cacy was not significantly different from that of tablets
and that its oral acceptability was better than that of
tablets. Elshafeey and El-Dahmy (2021) prepared an oral
immediate-release film of a paroxetine (PX) nanosuspen-
sion for depression and anxiety, and an ODF loaded with
a PX nanosuspension was clinically evaluated in healthy
human volunteers for its ability to successfully enhance
the bioavailability of PX. Seinfeld et al. (2020) developed
a diazepam buccal film for the treatment of patients with
epileptic seizures and evaluated the safety, tolerability,
and availability of self- or caregiver-administered diaz-
epam buccal film in an outpatient setting, demonstrating
that DBF is easy to administer, safe, and well tolerated in
adult, adolescent, and pediatric epilepsy patients experi-
encing seizure emergencies.

Although ODF is a reliable oral active ingredient, there
are currently no established international regulations for
ODE. The current research suggests that ODF quality
assessment should follow a systematic approach to prod-
uct development: Pharmaceutical Quality Design. This
approach is a systematic development process that starts
with predefined objectives and focuses on understand-
ing and testing products and processes based on sound
science and quality risk management. It includes rel-
evant product definitions, target product quality profiles
(TPQPs) and critical quality attributes (CQAs), material
characterization and critical process parameters (CMAs
and CPPs), design of experiments (DoEs) to define the
design space, and the creation and implementation of
a product control strategy based on TPQPs and CQAs
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(Gupta et al., 2021). Therefore, it is necessary to develop
more technical procedures to analyze and ensure the
quality of ODF. For example, the recommended condi-
tions for investigating the disintegration and dissolution
fail to accurately reflect the natural conditions of the oral
cavity, including the volume of the dissolution medium.
This is a concerning issue, as proper analysis is crucial
for ensuring safe and effective ingredients. Therefore
(Turkovic et al., 2022), more refined testing requirements
need to be established to make them marketable to a
larger audience.

Future and outlook

Presently, the market is still dominated by traditional
food products; however, in recent years, the food indus-
try has become more inclined toward diversification,
functionalization, and precise nutrition (Sun & Liu,
2023). As a novel delivery method, ODF have excel-
lent potential for rapid food development because of
their rapid impact, improved bioavailability, increased
safety benefits, and ability to bypass the first-pass effect.
Currently, ODF have proven to have great potential for
application in the food industry. It is an excellent carrier
platform for many active ingredients such as probiotics,
vitamins, melatonin, proteins, and functional extracts
(Yuan et al., 2022). However, ODF still has certain disad-
vantages (Fig. 5): (1) The active ingredient loading capac-
ity is not high. Because they are unable to encapsulate
sufficient active ingredients due to their shortcomings,
they cannot achieve the required efficacy for indications
with low activity or high-dose requirements. Krull et al.
(2017) showed that the brittleness of a film increased as
the drug load increased, affecting the mechanical proper-
ties of the film and leading to a decrease in film stability.
The solubility of active ingredients and loading capacity
of active ingredients can be increased by stacking layers
of films or by combining them with other new dosage
form preparation techniques, such as solid dispersions,
inclusions, microspheres, or nanoparticles (Sabatelle
et al., 2022; Xu et al,, 2017). (2) The film agent exhibits
stability problems. The backbone of the film is mainly a
polymer, which is prone to moisture absorption; there-
fore, the packaging material must achieve a moisture
barrier effect, and the ratio of film-forming materials
must be adjusted to optimize the process to reduce the
moisture absorption effect. Gupta and Kumar (2020)
demonstrated that a residual moisture content of 3—-6%
is considered an acceptable limit. Tian et al. (2018) have
demonstrated that ODFs must be carefully packaged
and stored to protect them from moisture, atmospheric
oxygen, and sunlight. (3) The combination of the two
ingredients is challenging; there are many differences in
the disintegration rate and disintegration time between
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different ODFs, and it is difficult to achieve optimal phar-
macokinetic properties simultaneously. However, the
study of two-acting ingredient conjugation using elec-
trostatically spun nanofibers could potentially explore
the two-component conjugation of ODFs. Illangakoon
et al. (2014) successfully prepared oral films loaded with
both paracetamol (PCM) and caffeine (CAF) using elec-
trostatic spinning. (4) Owing to the lack of strict quality
control standards as a new method of delivering active
substances, some ODF quality development currently
follows the quality of drugs by design (QbD). Gupta et al.
(2021) provided a brief overview of Quality by Design
(QbD) principles in ODF development. There are no
strict requirements for the quality control of system
specifications, such as dissolution conditions, disintegra-
tion time, and microbial contamination limitations for
membrane dosage forms.

Therefore, there is a need to develop improved ODF
quality testing requirements to ensure the effectiveness
and safety of ODF as active substance delivery system.

Despite the limitations of ODFs, they have received
increasing international attention because of their unique
characteristics of rapid active ingredient absorption, high
bioavailability, ease of use, and ability to avoid the first-
pass effect of active ingredients in the gastrointestinal
tract and liver, and have shown good prospects for appli-
cation in both pharmaceutical and food fields. The appli-
cation of ODFs in combination with other new dosage

forms has recently become a popular research topic,
particularly for proteins and peptides (food-active mole-
cules with large spaces), which are excellent delivery sys-
tems (Castro et al., 2018). For example, in combination
with nanotechnology, nanoparticles or nanocomplexes
are encapsulated in oral films and dispersed uniformly
or non-uniformly in the film matrix, which not only
enhances the bioadhesive properties of the film but also
improves the solubility and permeability of active ingre-
dients and promotes the absorption of active ingredients
to improve bioavailability. As highly absorbable and fast-
delivering effective carriers of ODFs, in addition to load-
ing drugs and bioactive ingredients to treat or improve
human chronic degenerative diseases, inflammation,
and other conditions, they can also deliver microorgan-
isms and probiotics to improve human intestinal health
and can be used as biological agents for the develop-
ment of vaccines and oral vaccines as a novel route of
administration.

Summary

In summary, ODFs offer significant advantages includ-
ing rapid absorption, high safety compliance, increased
bioavailability, and avoidance of first-pass effects in the
gastrointestinal tract and liver. This novel mode of deliv-
ering active substances has garnered widespread atten-
tion and become a research focus in recent years, leading
to the development of numerous active ingredients as
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fast-dissolving film agents, with some progress made
in ODF formulation processes. While current innova-
tive preparation techniques have demonstrated prom-
ising results in terms of active ingredient loading,
solubility, and stability, further enhancements are nec-
essary to achieve shorter processing times and higher
yields. Despite significant advancements in ODF formu-
lation and production, challenges persist, such as lim-
ited active ingredient loading capacity and poor stability.
Recent research has focused on combining ODF with
other emerging dosage forms to enhance its efficacy. This
article provides an overview of the current state of ODF
processing in the food industry, highlighting current
challenges and potential solutions. It is hoped that future
research in food processing will overcome limitations in
preparation methods, loading compositions, and mem-
brane agent stability.
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