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Abstract: Locust bean gum (LBG) is a typical galactomannan isolated from carob
bean (Ceratonia siliqua L.) cultivated in the Mediterranean area. Due to its super-
ior biodegradable, rheological and film-forming properties, LBG has been used
alone or combined with other biopolymers (e.g., polysaccharides, proteins and
lipids) to develop films. Till now, different kinds of functional ingredients (e.g.,
montmorillonite, bacteriocins, antibiotics, plant extract, essential oils and micro-
bial cells) have been added into LBG-based films. Notably, the physical and func-
tional properties of LBG-based films are affected by many factors, such as the
structure of LBG, the type and content of other biopolymers and functional ingre-
dients, and the physical treatment of film-forming solution. LBG-based films can
be not only used as active packaging and edible coating in food industry but also
used as wound dressings in pharmaceutical industry. For the first time, this review
focuses on the recent advances in the preparation, characterization, physical and
functional properties, and potential applications of LBG-based films.
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1 Introduction

Traditional plastic packaging materials are non-biodegradable due to their high molecular weights and
stable carbon–hydrogen and carbon–carbon bonds. With the increasing awareness of sustainable
development, the exploration and utilization of new packaging materials based on renewable bio-sources
is becoming a major concern [1]. Up to now, natural and renewable biopolymers including
polysaccharides, proteins and lipids have been widely used to fabricate packaging materials [2–4]. These
biopolymers are normally derived from natural plants, animals and microorganisms that can be consumed
by human beings without causing heath risk and environmental pollution [5]. Therefore, the developed
bio-based packaging films have shown potential applications in food and pharmaceutical industries [6–8].

The term “gum” represents a group of polysaccharides isolated from various parts of plants (e.g., cell
walls, tree exudates, seeds and tuber/roots). A number of plant seeds (e.g., balangu, basil, cress, wild
sage, fenugreek, chia and mesquite seeds) are considered as valuable sources of gums [9]. In food
industry, plant gums are widely used as thickeners, emulsifiers, stabilizers, dietary fiber, gelling agents,
coating agents and packaging films [10]. Galactomannans, mainly obtained from the endosperm of
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Leguminosae seeds, are one category of plant gums. Galactomannans are heterogeneous polysaccharides
composed by β-(1→4)-linked D-mannopyranosyl backbone with single D-galactopyranosyl units attached
via α-(l–6) linkage as side branch. It has been demonstrated that galactomannans are important resources
of packaging film production due to their edibility, biodegradability and good film-forming ability [11].
The substitution degree of galactose in mannan backbone depends on the plant source of galactomannans
and remarkably affects the solubility and the film-forming ability of galactomannans [12].

Locust bean gum (LBG), isolated from carob bean (Ceratonia siliqua L.) cultivated in the
Mediterranean area, is a typical galactomannan with the mannose/galactose (M/G) ratio of about 4:1
(Fig. 1) [13]. LBG is partially soluble in cold water and normally needs to be heated to reach maximum
solubility. Due to its superior biodegradable, rheological and film-forming properties, LBG is suitable to
be developed into packaging films [14−16]. The semi-permeable barrier provided by LBG-based films is
benefit to reduce moisture migration, gas exchange, respiration and oxidative reaction rates, thereby
extending the shelf-life of food products [14]. Meanwhile, LBG-based films can serve as the carrier of
functional ingredients to develop active packaging and wound dressings [17]. However, there is not a
specific review concerning LBG-based films up to now. Therefore, this review focuses on the recent
advances in the preparation, characterization, physical and functional properties, and potential
applications of LBG-based films.

2 Preparation and Characterization of LBG-Based Films

The formulation, preparation method, and conditions for dry and storage of LBG-based films are
summarized in Tab. 1. Till now, LBG-based films are mainly prepared by solvent casting method. Solvent
casting is a wet method for film preparation, which does not require specialized equipment. In general,
film forming solutions are prepared by thoroughly dissolving LBG in water at about 80°C for 30 min.
Meanwhile, LBG is often blended with other biopolymers (e.g., polysaccharides, proteins and lipids) to
produce films with improved physical properties [18–33]. In addition, other functional ingredients
including plasticizers, hydrophobic substances, natural active substances and microbial cells are also
incorporated into the solutions to enhance the physical and functional properties of the films [11, 20, 24,
26, 28, 30–35]. To obtain homogeneous film forming solutions, LBG and other film components are
completely dissolved and mixed in the solutions. The resultant film forming solutions are normally
degassed by ultrasonic treatment and then poured onto flat plate. The solvents are allowed to evaporate
by drying at 20–45°C for a few hours. The obtained films are peeled off from the plate and conditioned
under controlled temperature and relative humidity (RH) before use. Notably, commercially used
packaging films are normally prepared by extrusion method that employs high temperature and shear
forces in film preparation. Extrusion is a dry method for film preparation that has some advantages over
solvent casting method, such as industrially scalable and solvent-free. However, the high temperature and
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Figure 1: The chemical structure of LBG
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shear forces of extrusion method can affect the stability of bioactive substances in the film. Therefore,
extrusion method has not been used in the preparation of LBG-based films up to now. In order to solve
this problem, the thermal sensitive substances can be first encapsulated in nano materials and then
incorporated into the films by extrusion method. In the future, extrusion technique can be compared with
solvent casting method for the development of LBG-based films.

Table 1: The formulation, preparation method, and conditions for dry and storage of LBG-based films

Film matrix Plasticizer Functional
addictives

Film
preparation
method

Conditions for film dry and
storage

References

LBG/κ-carrageenan
blend

Glycerol Natamycin Solvent
casting

Dried at 25°C for 48 h and
then stored at 20°C and 53%
RH

[11]

LBG/agar blend Glycerol Solvent
casting

Dried at 60°C overnight and
then stored at 25°C and 38 ±
1% RH

[18]

LBG/κ-carrageenan
blend

Solvent
casting

[19]

LBG/κ-carrageenan
blend

PG Montmorrillonite
and curcumin

Solvent
casting

Dried at 35°C for 16 h and
then stored in a desiccator

[20]

LBG/corn starch/
PVA blend

Glycerol Solvent
casting

Dried at 30 ± 2°C for 36 h [21]

LBG/xanthan gum
blend

Glycerol Solvent
casting

Dried at 40°C for 24 h and
then stored at 24°C and 43%
RH for at least 48 h

[22]

LBG/κ-carrageenan
blend

Glycerol Solvent
casting

Dried at 35°C for 16 h and
then stored at 20 ± 1°C and 54
± 1% RH

[23]

LBG/κ-carrageenan
blend

Glycerol Montmorillonite
organoclay

Solvent
casting

Dried at 35°C for 16 h and
then stored at 20 ± 1°C and 54
± 1% RH

[24]

LBG/tragacanth gum
blend

Solvent
casting

Dried at 30°C for 24 h and
then stored at 23°C and 53%
RH

[25]

LBG/κ-carrageenan
blend

Glycerol Hemicellulose Solvent
casting

Dried at 35°C for 16 h and
then stored at 20 ± 1°C and 54
± 1% RH

[26]

LBG/whey protein
blend

Glycerol Solvent
casting

Dried at 35 ± 2°C and 50 ± 1%
RH and then stored at 25 °C
and 53% RH

[27]

LBG/κ-carrageenan/
whey protein blend

Glycerol Lactobacillus
rhamnosus GG

Solvent
casting

Dried at 37°C and 50% RH
and then stored at 25 or 4°C
and 54 or 59% RH

[28]

LBG/native or
alkali-modified agar
blend

Solvent
casting

[29]

(Continued)
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As shown in Fig. 2, the structure of LBG-based films is normally characterized by scanning electron
microscopy (SEM), Fourier transform infrared (FT-IR) spectroscopy and X-ray diffractometer (XRD).
Among different techniques, SEM is employed to observe the microstructure (i.e., surface and cross-
section) of the films. The compactness and homogeneity of the films are mainly affected by the
miscibility of LBG and other film components. Since LBG is hydrophilic, it is well miscible with water
soluble biopolymers (e.g., agar, κ-carrageenan, xanthan gum and tragacanth gum) and functional
ingredients (e.g., anthocyanins) [19,22,25,29,33]. The existence of intermolecular interactions (especially
hydrogen bonds) occurring between LBG and other film components is confirmed by FT-IR spectroscopy.
The broad band at 3500–3300 cm–1 (O–H stretching vibration of hydroxyl groups in LBG) often shifts
after the incorporation of other biopolymers, such as κ-carrageenan, tragacanth gum, egg white albumin
and collagen [11,19,25,30]. The intermolecular interactions are closely related to the physical properties

Table 1 (continued).

Film matrix Plasticizer Functional
addictives

Film
preparation
method

Conditions for film dry and
storage

References

LBG/egg white
albumin blend;
LBG/collagen blend

Glycerol Emulsified maize
oil

Solvent
casting

Dried at 25 ± 1°C and 55 ± 5%
RH for 48 h

[30]

LBG/pullulan/
xanthan gum blend

Glycerol Cinnamaldehyde,
eugenol, and
thymol emulsions

Solvent
casting

Dried at 21°C and 40% RH for
24 h

[31]

LBG/pullulan/
xanthan gum blend

Glycerol Sakacin A Solvent
casting

Dried at 25°C and 40% RH for
24 h

[32]

LBG/κ-carrageenan
blend

Glycerol Cranberry extract Solvent
casting

Dried under airstream at room
temperature and stored in a
desiccator

[33]

LBG Glycerol Wickerhamomyces
anomalus killer
yeast

Solvent
casting

Dried at room temperature for
48 h and then stored at 25°C
and 75% RH

[34]

LBG Glycerol,
PG, sorbitol
and PEG

Stearopten and
beeswax

Solvent
casting

Dried at 25 ± 5°C and 60 ± 5%
RH for 1 day

[35]

LBG Glycerol Solvent
casting

Dried at 45°C for 12 h and
then stored at 25°C and 53%
RH for at least 48 h

[36]

LBG Glycerol Solvent
casting

Dried at 40°C for 15 h and
then stored at room
temperature and 43% RH

[37]

LBG Glycerol Solvent
casting

Dried at 35°C for 16 h and
then stored at 25 ± 1°C and
53% RH

[38]

Carbamoylethyl
LBG

Glycerol Solvent
casting

Dried at 45°C for 24 h [39]

LBG PEG Solvent
casting

Dried at room temperature for
1 day

[40,41]

LBG, locust bean gum; PEG, polyethylene glycol; PG, propylene glycol; PVA, polyvinyl alcohol; RH, relative humidity
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(e.g., water sensitive, barrier, mechanical and thermal properties) of the films. XRD is often employed to
analyze the crystallinity and miscibility of the blended films. If blended films have low miscibility, each
film component will exhibit its own crystal character. Since LBG is in the amorphous phase, the
crystallinity of the films is generally influenced by the character of other film components as well as their
interactions [20,22,23,24,36].

The physical properties of LBG-based films including optical (e.g., color, transmittance and opacity),
water sensitive (e.g., moisture content, contact angle, solubility, water sorption and swelling), barrier
(water vapor permeability (WVP) and oxygen and carbon dioxide permeability), mechanical (tensile
strength (TS), elongation at break (EAB) and elastic modulus (EM), folding endurance and puncture
resistance) and thermal (glass transition and thermal degradation) properties are normally determined
(Fig. 2). In general, LBG-based films possess good optical, barrier and mechanical properties at low RH
conditions. However, the high hydrophilicity of LBG makes the films very sensitive to water and
moisture, which greatly limits the application of the films at high RH conditions [11,20,25,27,30].
Notably, the incorporation of other biopolymers and functional ingredients can greatly improve the
physical and functional properties of LBG-based films. It has been demonstrated that the addition of
montmorillonite organoclay, natamycin, sakacin A and essential oils can significantly enhance the
antioxidant and antimicobial activities of LBG-based films [11,24,31,32]. In addition, LBG-based films
became pH-sensitive when anthocyanins-rich cranberry extract is incorporated into the films [33]. Factors
affecting the physical and functional properties of LBG-based films are summarized in the next section.

3 Factors Affecting the Physical and Functional Properties of LBG-Based Films

3.1 LBG Structure
The physical properties (e.g., solubility and viscosity) of galactomannans depend on the M/G ratio. In

general, galactomannans with a lower M/G ratio show higher water solubility but lower viscosity because
galactose side groups can prevent galactomannans to form effective intermolecular interactions [36].
Therefore, the comparative study of galactomannans with different M/G ratios is a useful approach to
reveal the structure-function relationship of LBG-based films. Kurt et al. [37] compared the physical
properties of salep glucomannan, LBG and guar gum-based films. They suggested the moisture content,
solubility, WVP, TS and EAB of the films were remarkably affected by the substitution degree of
galactose along mannan backbone. In a similar study, galactomannans with different M/G ratios (1.3, 1.7,

Functional ingredients

LBG and other biopolymers

Intermolecular interactions

LBG-based film

Structural characterization
(e.g. microstructure, intermolecular
interactions, crystallinity and miscibility)

Physical properties
(e.g. optical, water sensitive, barrier,
mechanical and thermal properties)

Functional properties
(e.g. antioxidant, antimicrobial
and pH-sensitive properties)

Figure 2: The structural characterization, physical and functional properties normally determined for LBG-
based film
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2.9, 3.4 and 5.6) were isolated from five plant sources including Adenanthera pavonina, Cyamopsis
tetragonolobus, Caesalpinia pulcherrima, Ceratonia siliqua and Sophora japonica, respectively. Then,
the physical properties of galactomannan-based films with different M/G ratios were compared [38].
Results showed M/G ratio had a significant influence on the WVP, gas permeability, water affinity,
mechanical and thermal properties of the films. Recently, the film-forming properties of three different
galactomannans including guar gum (M/G ratio = 2), tara gum (M/G ratio = 3) and LBG (M/G ratio = 4)
were compared by Liu et al. [36]. Results showed the film network became denser and more compact
when the M/G ratio of galactomannans increased, resulting in the improved mechanical and water vapor
barrier properties. The possible reason is that fewer side chains and long blocks of unsunstituted mannose
units of galactomannans can facilitate the intermolecular chain interactions.

The chemical modification of LBG is another way to tailor structures and impart functions of LBG-
based films. Carbamoylethyl LBG is synthesized by substituting the hydroxyl groups of LBG with amide
groups (−CH2CH2CONH2) [39]. The amorphous nature, non-Newtonian flow and shear-thinning
behavior of native LBG were retained in the carbamoylethyl derivative of LBG. The carbamoylethyl
LBG-based films showed a quite low WVP, indicating the films were highly resistant towards water.
However, carbamoylethyl LBG-based films have not been compared with unmodified LBG-based films
for their physical properties. In the future, other structural characters of LBG (e.g., molecular weight, the
distribution of D-galactosyl units along mannan backbone, the type of substitution group and substitution
degree) on the physical properties of the films can be further investigated.

3.2 Other Biopolymers
The blending of LBG with other biopolymers can effectively change the rheological property of film-

forming solutions and improve the physical properties of corresponding films [22,25,27,29]. Till now,
LBG has been blended with several other polysaccharides (e.g., agar, κ-carrageenan, starch, xanthan gum,
tragacanth gum and pullulan) and proteins (e.g., whey protein, egg white albumin and collagen) to
develop composite films (Tab. 1). Among different composite films, LBG/κ-carrageenan blend films have
been most widely studied [11,19,20,22–24,26,33]. Due to the presence of abundant hydroxyl groups,
LBG can form synergistic interactions with other biopolymers through hydrogen bonds. The presence of
synergistic interactions between LBG and other biopolymers have been verified by different instrumental
methods, such as textural profile analysis (TPA), rheology measurement, FT-IR spectroscopy, SEM and
XRD techniques [19,23,25,27,29].

It has been demonstrated that the physical and functional properties of the blend films are mainly
affected by the weight ratio of LBG and other biopolymers. Martins et al. [23] reported the highest TS
and the lowest WVP of LBG/κ-carrageenan films were obtained when LBG/κ-carrageenan weight ratio
reached 3:2. He et al. [19] found LBG/κ-carrageenan films with LBG/κ-carrageenan weight ratio of
1:3 had the highest gelling and mechanical properties, which could be further developed into hard
capsules as pharmaceutical excipients. The effect of LBG/xanthan gum weight ratio on the WVP and
mechanical properties of the films was investigated by multiple response optimization technique. The
optimal film formulations were determined as LBG 89.6%, xanthan gum 10.4% and glycerol 20% [22].
The impact of LBG content on the physical properties of LBG/corn starch/polyvinyl alcohol (PVA) films
was measured. The incorporation of LBG increased the TS but reduced the EAB and enzymatic
hydrolysis rate of the films. In addition, a higher content of LBG had a greater impact on the physical
properties of the films [21]. Similarly, Mostafavi et al. [25] documented the moisture content and WVP of
LBG/tragacanth gum films decreased but the TS and EAB of the films increased when the proportion of
LBG in the films increased from 25 to 100%. Recently, Akkaya et al. [18] found the light transmittance,
TS and EAB decreased but the WVP, swelling ratio and antibacterial activity of LBG-agar films
increased when the proportion of LBG in the films increased from 25 to 75%.
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3.3 Plasticizers
Plasticizer is a basic film component that can reduce intermolecular interactions and enhance the

mobility of biopolymeric chains, thereby altering the mechanical properties of the films. The addition of
plasticizer is essential to overcome the brittleness of the films. Due to the hydrophilic nature of LBG, it is
essential to use of polar plasticizers for better compatibility [40,41]. As summarized in Tab. 1, different
plasticizers including glycerol, polyethylene glycol (PEG), propylene glycol (PG) and sorbitol have been
incorporated into LBG-based films. Bozdemir et al. [35] compared the WVP of LBG-based films
containing different plasticizers (i.e., glycerol, PG, sorbitol and PEG 200). Obvious phase separation and
physical exclusion of plasticizer were observed when sorbitol was added into the films. By contrast, the
other plasticizers (glycerol, PG, and PEG 200) were more compatible with LBG. In general, the macro-
phase separation of films indicates the less miscibility, while the micro-phase separation of films indicates
the improved compatibility [42,43]. It was found that the films plasticized with PEG 200 had the lowest
WVP. However, the films containing glycerol had the highest WVP because glycerol possessed high
affinity towards water vapor. Aydinli et al. [40] examined the impacts of the amount and molecular
weight of PEG (PEG 200, PEG 400 and PEG 600) on the WVP, mechanical and light transmittance
properties of LBG-based films. Results showed that the WVP of the films increased but the light
transmittance, TS and EAB of the films decreased when the amount and molecular weight of PEG
increased. Therefore, the most suitable plasticizer of LBG-based films is PEG 200 and its content in the
films should be carefully controlled to guarantee the film compatibility [41].

3.4 Hydrophobic Substances
The hydrophilic LBG-based film matrix can form strong chain-chain interactions which provide good

barrier property to gases, such as O2 and CO2. However, these interactions are adversely affected by
moisture absorption in the films. As a result, the barrier properties of LBG-based films generally decline
with the increase of RH. Thus, it is essential to incorporate hydrophobic substances into LBG-based
films. In this respect, hydrophobic lipids including emulsified beeswax, stearopten, and maize oil were
added into LBG-based films [30,35]. The films added with emulsified lipids showed reduced WVP but
enhanced TS and EAB as compared to the films without emulsified lipids. The improved water vapor
barrier and mechanical properties of the films were attributed to intermolecular interactions between lipids
and film matrix.

The addition of nano materials is a promising option to improve the hydrophobic and antimicrobial
properties of polysaccharide-based films [44]. In this respect, nanocomposite films are prepared by
homogeneously dispersing hydrophobic clay minerals in the films. Montmorillonite organoclay modified
by the addition of quaternary ammonium salts was dispended in LBG/κ-carrageenan blend to develop
biocomposite films [24]. Montmorillonite organoclay could form hydrogen bonds and/or electrostatic
interactions with film matrix and block the micro-paths in the film network. Meanwhile, montmorillonite
organoclay could release ammonium salts from surfactant-modified clay and exhibit antimicrobial activity
against Listeria monocytogenes. Therefore, the incorporation of montmorillonite organoclay significantly
reduced the WVP whereas increased the CO2 permeability, TS, EAB and antimicrobial activity of the
films. Moreover, the physical and functional properties of the films were closely associated with the
content of montmorillonite organoclay. Recently, similar biocomposite films were developed by adding
unmodified montmorrillonite into LBG/κ-carrageenan blends [20]. Results showed the addition of
montmorillonite reduced the moisture content, folding endurance, swelling ratio and WVP whereas
enhanced the TS and EAB of the films.
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3.5 Natural Active Substances
Natural active substances are frequently incorporated into LBG-based films to develop active packaging

materials [45]. Antimicrobial agents obtained from fermentation processes (e.g., bacteriocins and antibiotics)
are commercially available. Natamycin, a polyene macrolide antimycotic agent produced by the
actinomycete, was incorporated into LBG/κ-carrageenan blend to develop antimicrobial active packaging
films [11]. Results showed the incorporation of free natamycin and natamycin-loaded poly(N-
isopropylacrylamide) nanohydrogels significantly changed the optical and mechanical properties of the
films. However, further studies are needed to evaluate the release behavior of natamycin from the films
into different food model systems. Trinetta et al. [32] loaded sakacin A (a bacteriocin) into LBG/
pullulan/xanthan gum blend films and verified the films had strong antimicrobial activity against
L. monocytogenes. The incorporation of sakacin A had little impact on the light transmittance of the
films, however, significantly reduced the TS of the films. Nonetheless, the effect of sakacin A content on
the physical and functional properties of the films was not determined and needs further investigations.

Natural plant extracts commonly possess potent antioxidant and antimicrobial activities due to the
presence of abundant polyphenolic compounds [46]. However, studies on the development of active
packaging films based on LBG and polyphenol-rich plant extracts are very limited. Anthocyanins, one
category of phenolic compounds, are the largest and most important water-soluble pigments in fruits,
vegetables, flowers and cereals. Anthocyanins-rich films are promising active and intelligent packaging
materials that can be applied in food and pharmaceutical industries [47]. On one hand, anthocyanins
possess excellent antioxidant and antimicrobial activities, which can be used in active packaging to
extend the shelf life of food products. On the other hand, anthocyanins are pH-sensitive and normally
change their colors as a function of pH, which can be utilized in intelligent packaging to monitor the
freshness of protein-rich food products (e.g., fish, shrimp, chicken, pork, milk and cheese) [48,49].
Recently, pH-sensitive films were developed by added anthocyanins-rich cranberry extract into LBG/κ-
carrageenan blend [33]. The films containing cranberry extract could respond to pH changes in different
buffer solutions and continuously monitor bacterial infections in wound. In the future, anthocyanins-rich
LBG-based films can be used as active and intelligent packaging materials in food industry.

Essential oils extracted from plants and spices are natural antioxidant and antimicrobial agents for active
packaging development [50]. The film microstructure is normally weakened by the addition of essential oils
due to partial replacement of strong chain–chain interactions by weak polymer-oil interactions in the film
network. However, the water barrier property of the films is improved by essential oils due to their
hydrophobic characters. Recently, natural emulsified essential oils including thymol, cinnamaldehyde, and
eugenol were incorporated into LBG/pullulan/xanthan gum blend to develop active packaging films [31].
Results showed thymol had the highest release rate from the films, which was followed by eugenol and
cinnamaldehyde. This study suggests essential oils loaded films can be used as active packaging materials
with controlled release of active compounds. Nonetheless, the impact of essential oils on the physical and
functional properties of LBG-based films can be further determined.

3.6 Microbial Cells
Green mould caused by Penicillium digitatum is one the major postharvest diseases of citrus fruits,

which limits the shelf life of harvested fruits. The application of microbial antagonists is an effective way
to control postharvest fruit infections caused by P. digitatum. Aloui et al. [34] incorporated
Wickerhamomyces anomalus killer yeast into LBG-based films and evaluated the efficiency of the films to
maintain viability and antifungal potential of incorporated microbial cells. Results showed that LBG films
were able to maintain more than 85% of the initial W. anomalus yeast population and to completely
inhibit the growth of P. digitatum in synthetic medium. Notably, the incorporation of W. anomalus yeast
had little impact on the optical, mechanical and barrier properties of the films.
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Probiotics are living non-pathogenic microorganisms that confer health benefits to human hosts. Due to
the low stability of probiotics under common food processing conditions (e.g., heat, pH, osmotic pressure
and redox potentials), the use of edible films to embed viable probiotics has received increasingly
attention. Soukoulis et al. [28] examined the potential of LBG/κ-carrageenan/whey protein blend films as
the vehicle of probiotic Lactobacillus rhamnosus GG. The films possessed compact microstructures and
exhibited acceptable mechanical and barrier properties. Moreover, the films were able to stabilize
L. rhamnosus GG during storage at 4 and 25°C for 25 days. In the future, the survival of probiotics
throughout ingestion and gastrointestinal passage can be further studied.

3.7 Physical Treatment
Some physical treatments including gamma irradiation and thermal treatment have been used to improve

the properties of LBG-based films. The impact of gamma irradiation on the properties of LBG/corn starch/
PVA blend films was investigated by Kim et al. [21]. The film-forming solutions were irradiated by a cobalt-
60 irradiator with different irradiation doses (0, 3, 6, 12 and 24 kGy). The application of gamma irradiation in
the film-forming solutions resulted in intact and smooth films. Meanwhile, the enzymatic hydrolysis rate and
WVP of the films decreased with the increase of irradiation dose. This study suggests the irradiation
technology is a useful tool to cross-link LBG with other biopolymers, resulting in the improved
functional properties of the films. However, the irradiation dose should be accurately control to guarantee
the safety of the produced films. In another study, LBG/whey protein isolate blend film-forming solutions
were prepared by two different thermal treatments before casting: 1) the film-forming solutions were
heated until 75°C and immediately cooled back to room temperature; 2) the film-forming solutions were
heated until 75°C, kept at 75°C for 10 min and then cooled back to room temperature [27]. Results
showed that more severe heat treatment (the second thermal treatment) produced films with higher TS
and EAB but lower solubility and gas permeability. The difference in the physical properties of the films
prepared under different thermal treatments was caused by the distinct strength of intermolecular
interactions between LBG and whey protein isolate

4 Potential Applications of LBG-Based Films

4.1 Food Packaging Films and Edible Coating
Fruits, vegetables, meat, fish and derived products are perishable food items with quick deterioration

under improper storage. Polysaccharide-based packaging films are effective in preserving perishable food
[51]. However, studies on the application of LBG-based films in food packaging are very limited up to
now, which is probably because native LBG films are highly hydrophilic and normally loss their
functionality under high RH conditions. In the future, it is essential to reduce the water sensitive property
of native LBG films by adding hydrophobic substances or by chemically modifying LBG with
hydrophobic groups. Moreover, natural active substances can be added into LBG-based films to develop
active food packaging.

Apart from food packaging films, edible coating is another application form of LBG-based film-forming
solutions. Edible coating can create a semi-permeable barrier against moisture and gas (e.g., O2 and CO2),
thereby limiting the weight loss, oxidation and respiration rates of the packaged food. Meanwhile, it can act
as the carrier of plasticizers, emulsifiers and natural active substances to enhance the functionality of the
matrix [51]. Till now, LBG-based edible coating has been widely used in food preservation. LBG/lipid
composite coating showed a better performance in controlling the weight loss and ethanol production
during postharvest storage of ‘Fortune’ mandarins [52]. LBG-based coating enriched with W. anomalus
yeast effectively reduced the weight loss, maintained the firmness and inhibited green mold formation
during the postharvest storage of ‘Valencia’ oranges [34]. In a similar study, LBG-based coating enriched
with W. anomalus, Metschnikowia pulcherrima and Aureobasidium pullulans species effectively
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controlled postharvest decay in mandarins that were artificially inoculated with pathogenic molds
P. digitatum and Penicillium italicum (Fig. 3) [53]. Except for microbial cells, natural active substances
(e.g., pomegranate peel extract and Foeniculum vulgare essential oil) were incorporated into LBG-based
coating. Results showed that LBG-based coating with natural active substances had potent antimicrobial
activity and could maintain the quality of white shrimps and globe artichoke slices during refrigerated
storage [54,55]. Kharchoufi et al. [56] further demonstrated the W. anomalus and water pomegranate peel
extract had synergistic effect on reducing the postharvest decay of oranges inoculated with P. digitatum.
This study provides a new insight into the development of LBG-based coating by combining biocontrol
agents and natural active compounds.

4.2 Wound Dressings
Wound healing stands as a very complex and dynamic process, aiming the re-establishment of the

damaged tissue’s integrity and functionality. Wound dressings are biomaterials utilized to cover
the wounds in order to absorb exudates, maintain the moisture balance, allow gas exchange and prevent
the wounds from being infected [57]. Currently, wound dressings formulated from polysaccharides have
gained great attention due to their non-toxicity, biocompatibility, biodegradability and easy processing
and mouldability. In addition, polysaccharide-based biomaterials can be loaded with wound healing
agents to promote wound healing in clinical applications [58]. The hydrophilic nature of LBG makes it
possible to blend with other biopolymers and/or inorganic materials to prepare innovative wound
dressings. Till now, some studied have been carried out to examine the wound healing effect of LBG-
based films. Kaur et al. [20] developed LBG/κ-carrageenan/montmorrillonite biocomposite films and used
the films for transdermal delivery of curcumin (a wound healing and anti-inflammatory agent). Results
showed the films could constantly release 69.38% of curcumin in 24 h and showed good skin permeation

Figure 3: The application of LBG-based coating enriched with W. anomalus, Metschnikowia pulcherrima
and Aureobasidium pullulans species to control postharvest decay in mandarins. Adapted from Parafati et al.
[53] with permission from Elsevier, copyright 2019
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and wound healing effect. Recently, Akkaya et al. [18] demonstrated LBG-agar gum films were non-
cytotoxic to NIH 3T3 cells and could be used as antibacterial wound dressing candidates. In clinical
applications, monitoring the pH of the wound is essential to know its healing status because the pH of
bacterial infected wound normally rises from mildly acidic (pH 4.0–6.0) to alkaline values (pH 7.0–9.0).
As shown in Fig. 4, smart wound dressings were developed based on LBG/κ-carrageenan films
incorporated with anthocyanins-rich cranberry extract [33]. The developed films could respond to pH
variations in different buffer solutions due to the presence of pH-sensitve anthocyanins. Thus, the films
could continuously monitor bacterial infection in the wound. In the future, novel wound dressings can be
developed by blending LBG-based films with wound healing ingredients.

5 Conclusions

LBG is suitable to be developed into packaging films due to its superior biodegradable and film-forming
properties. Till now, LBG-based films are mainly prepared by solvent casting method due to its simplicity.
However, industrially applied extrusion method has not been used in the preparation of LBG-based films. In
the future, extrusion technique can be used and compared with solvent casting method to develop LBG-based
films. In general, the structural characterization (e.g., microstructure, intermolecular interactions, crystallinity
and miscibility), physical properties (e.g., optical, water sensitive, barrier, mechanical and thermal
properties) and functional properties (e.g., antioxidant, antimicrobial and pH-sensitive properties) of
LBG-based films are determined. The structure of LBG, the type and content of other biopolymers and
functional ingredients, and the physical treatment of film-forming solution are considered as important
factors affecting the physical and functional properties of LBG-based films. The comparison of
galactomannans with different M/G ratios and the chemical modification of LBG are both useful to reveal
the structure-function relationship of LBG-based films. In the future, LBG can be blended with other
biopolymers and functional ingredients (e.g., nanoparticles, bacteriocins, antibiotics, polyphenol-rich plant
extracts, essential oils, biocontrol agents and probiotics) to develop novel functional films. The developed

Figure 4: The application of LBG/κ-carrageenan films incorporated with anthocyanins-rich cranberry
extract in smart wound dressing. Adapted from Zepon et al. [33] with permission from Elsevier,
copyright 2019
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films can be widely used as active packaging, edible coating, and wound dressings in food and
pharmaceutical industries.

Funding Statement: This study was supported by Grants-in-Aid for scientific research from the National
Natural Science Foundation of China (No. 31571788), Natural Science Foundation of Jiangsu Province
(No. BK20151310), and Innovation and Entrepreneurship Training Program for College Students in
Jiangsu Province.

Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding the
present study.

References
1. Błażek, K., Datta, J. (2019). Renewable natural resources as green alternative substrates to obtain bio-based non-

isocyanate polyurethanes-review. Critical Reviews in Environmental Science and Technology, 49(3), 173–211.
DOI 10.1080/10643389.2018.1537741.

2. Hassan, B., Chatha, S. A. S., Hussain, A. I., Zia, K. M., Akhtar, N. (2018). Recent advances on polysaccharides,
lipids and protein based edible films and coatings: A review. International Journal of Biological Macromolecules,
109, 1095–1107. DOI 10.1016/j.ijbiomac.2017.11.097.

3. Schneiderman, D. K., Hillmyer, M. A. (2017). 50th anniversary perspective: There is a great future in sustainable
polymers. Macromolecules, 50(10), 3733–3749. DOI 10.1021/acs.macromol.7b00293.

4. Stark, N. M. (2016). Opportunities for cellulose nanomaterials in packaging films: A review and future trends.
Journal of Renewable Materials, 4(5), 313–326. DOI 10.7569/JRM.2016.634115.

5. Vinod, A., Siengchin, S., Parameswaranpillai, J. (2020). Renewable and sustainable biobased materials: An
assessment on biofibers, biofilms, biopolymers and biocomposites. Journal of Cleaner Production, 258,
120978. DOI 10.1016/j.jclepro.2020.120978.

6. Hakke, V. S., Bagale, U. D., Boufi, S., Babu, G. U. B., Sonawane, S. H. (2020). Ultrasound assisted synthesis of
starch nanocrystals and it’s applications with polyurethane for packaging film. Journal of Renewable Materials, 8
(3), 239–250. DOI 10.32604/jrm.2020.08449.

7. Kaya, M., Sargin, I., Mulerčikas, P., Labidi, J., Salaberria, A. M. et al. (2019). Conversion of waste parasitic insect
(Hylobius abietis L.) into antioxidative, antimicrobial and biodegradable films. Journal of Renewable Materials, 7
(3), 215–226. DOI 10.32604/jrm.2019.00002.

8. Ren, H., Wang, L., Bao, H., Xia, Y., Xu, D. et al. (2020). Improving the antibacterial property of chitosan hydrogel
wound dressing with licorice polysaccharide. Journal of Renewable Materials, 8(10), 1343–1355. DOI 10.32604/
jrm.2020.010903.

9. Salehi, F. (2019). Characterization of new biodegradable edible films and coatings based on seeds gum: A review.
Journal of Packaging Technology and Research, 3(2), 193–201. DOI 10.1007/s41783-019-00061-0.

10. Mirhosseini, H., Amid, B. T. (2012). A review study on chemical composition and molecular structure of newly
plant gum exudates and seed gums. Food Research International, 46(1), 387–398. DOI 10.1016/j.
foodres.2011.11.017.

11. Cerqueira, M. A., Costa, M. J., Fuciños, C., Pastrana, L. M., Vicente, A. A. (2014). Development of active and
nanotechnology-based smart edible packaging systems: Physical-chemical characterization. Food and
Bioprocess Technology, 7(5), 1472–1482. DOI 10.1007/s11947-013-1117-5.

12. Singh, S., Singh, G., Arya, S. K. (2018). Mannans: An overview of properties and application in food products.
International Journal of Biological Macromolecules, 119, 79–95. DOI 10.1016/j.ijbiomac.2018.07.130.

13. Zhu, B. J., Zayed, M. Z., Zhu, H. X., Zhao, J., Li, S. P. (2019). Functional polysaccharides of carob fruit: A review.
Chinese Medicine, 14(1), 432. DOI 10.1186/s13020-019-0261-x.

14. Barak, S., Mudgil, D. (2014). Locust bean gum: Processing, properties and food applications–A review.
International Journal of Biological Macromolecules, 66, 74–80. DOI 10.1016/j.ijbiomac.2014.02.017.

15. Dionísio, M., Grenha, A. (2012). Locust bean gum: Exploring its potential for biopharmaceutical applications.
Journal of Pharmacy and Bioallied Sciences, 4(3), 175–185. DOI 10.4103/0975-7406.99013.

1576 JRM, 2020, vol.8, no.12

http://dx.doi.org/10.1080/10643389.2018.1537741
http://dx.doi.org/10.1016/j.ijbiomac.2017.11.097
http://dx.doi.org/10.1021/acs.macromol.7b00293
http://dx.doi.org/10.7569/JRM.2016.634115
http://dx.doi.org/10.1016/j.jclepro.2020.120978
http://dx.doi.org/10.32604/jrm.2020.08449
http://dx.doi.org/10.32604/jrm.2019.00002
http://dx.doi.org/10.32604/jrm.2020.010903
http://dx.doi.org/10.32604/jrm.2020.010903
http://dx.doi.org/10.1007/s41783-019-00061-0
http://dx.doi.org/10.1016/j.foodres.2011.11.017
http://dx.doi.org/10.1016/j.foodres.2011.11.017
http://dx.doi.org/10.1007/s11947-013-1117-5
http://dx.doi.org/10.1016/j.ijbiomac.2018.07.130
http://dx.doi.org/10.1186/s13020-019-0261-x
http://dx.doi.org/10.1016/j.ijbiomac.2014.02.017
http://dx.doi.org/10.4103/0975-7406.99013


16. Prajapati, V. D., Jani, G. K., Moradiya, N. G., Randeria, N. P., Nagar, B. J. (2013). Locust bean gum: A versatile
biopolymer. Carbohydrate Polymers, 94(2), 814–821. DOI 10.1016/j.carbpol.2013.01.086.

17. Mohammadinejad, R., Kumar, A., Ranjbar-Mohammadi, M., Ashrafizadeh, M., Han, S. S. et al. (2020). Recent
advances in natural gum-based biomaterials for tissue engineering and regenerative medicine: A review.
Polymers, 12(1), 176. DOI 10.3390/polym12010176.

18. Akkaya, N. E., Ergun, C., Saygun, A., Yesilcubuk, N., Akel-Sadoglu, N. et al. (2020). New biocompatible
antibacterial wound dressing candidates; agar-locust bean gum and agar-salep films. International Journal of
Biological Macromolecules, 155, 430–438. DOI 10.1016/j.ijbiomac.2020.03.214.

19. He, H., Ye, J., Zhang, X., Huang, Y., Li, X. et al. (2017). κ-Carrageenan/locust bean gum as hard capsule gelling
agents. Carbohydrate Polymers, 175, 417–424. DOI 10.1016/j.carbpol.2017.07.049.

20. Kaur, R., Sharma, A., Puri, V., Singh, I. (2019). Preparation and characterization of biocomposite films of
carrageenan/locust bean gum/montmorrillonite for transdermal delivery of curcumin. BioImpacts, 9(1), 37–43.
DOI 10.15171/bi.2019.05.

21. Kim, J. K., Jo, C., Park, H. J., Byun, M. W. (2008). Effect of gamma irradiation on the physicochemical properties
of a starch-based film. Food Hydrocolloids, 22(2), 248–254. DOI 10.1016/j.foodhyd.2006.11.010.

22. Kurt, A., Toker, O. S., Tornuk, F. (2017). Effect of xanthan and locust bean gum synergistic interaction on
characteristics of biodegradable edible film. International Journal of Biological Macromolecules, 102, 1035–
1044. DOI 10.1016/j.ijbiomac.2017.04.081.

23. Martins, J. T., Cerqueira, M. A., Bourbon, A. I., Pinheiro, A. C., Souza, B. W. et al. (2012). Synergistic effects
between κ-carrageenan and locust bean gum on physicochemical properties of edible films made thereof. Food
Hydrocolloids, 29(2), 280–289. DOI 10.1016/j.foodhyd.2012.03.004.

24. Martins, J. T., Bourbon, A. I., Pinheiro, A. C., Souza, B. W., Cerqueira, M. A. et al. (2013). Biocomposite films
based on κ-carrageenan/locust bean gum blends and clays: Physical and antimicrobial properties. Food and
Bioprocess Technology, 6(8), 2081–2092. DOI 10.1007/s11947-012-0851-4.

25. Mostafavi, F. S., Kadkhodaee, R., Emadzadeh, B., Koocheki, A. (2016). Preparation and characterization of
tragacanth–locust bean gum edible blend films. Carbohydrate Polymers, 139, 20–27. DOI 10.1016/j.
carbpol.2015.11.069.

26. Ruiz, H. A., Cerqueira, M. A., Silva, H. D., Rodríguez-Jasso, R. M., Vicente, A. A. et al. (2013). Biorefinery
valorization of autohydrolysis wheat straw hemicellulose to be applied in a polymer-blend film. Carbohydrate
Polymers, 92(2), 2154–2162. DOI 10.1016/j.carbpol.2012.11.054.

27. Silva, K. S., Mauro, M. A., Gonçalves, M. P., Rocha, C. M. R. (2016). Synergistic interactions of locust bean gum
with whey proteins: Effect on physicochemical and microstructural properties of whey protein-based films. Food
Hydrocolloids, 54, 179–188. DOI 10.1016/j.foodhyd.2015.09.028.

28. Soukoulis, C., Behboudi-Jobbehdar, S., Macnaughtan, W., Parmenter, C., Fisk, I. D. (2017). Stability of
Lactobacillus rhamnosus GG incorporated in edible films: Impact of anionic biopolymers and whey protein
concentrate. Food Hydrocolloids, 70, 345–355. DOI 10.1016/j.foodhyd.2017.04.014.

29. Sousa, A. M., Goncalves, M. P. (2015). Strategies to improve the mechanical strength and water resistance of agar
films for food packaging applications. Carbohydrate Polymers, 132, 196–204. DOI 10.1016/j.
carbpol.2015.06.022.

30. Téllez-Rangel, E. C., Rodríguez-Huezo, E., Totosaus, A. (2018). Effect of gellan, xanthan or locust bean gum and/
or emulsified maize oil on proteins edible films properties. Emirates Journal of Food and Agriculture, 30(5), 404–
412. DOI 10.9755/ejfa.2018.v30.i5.1644.

31. Tonyali, B., McDaniel, A., Amamcharla, J., Trinetta, V., Yucel, U. (2020). Release kinetics of cinnamaldehyde,
eugenol, and thymol from sustainable and biodegradable active packaging films. Food Packaging and Shelf
Life, 24, 100484. DOI 10.1016/j.fpsl.2020.100484.

32. Trinetta, V., Cutter, C. N., Floros, J. D. (2011). Effects of ingredient composition on optical and mechanical
properties of pullulan film for food-packaging applications. LWT—Food Science and Technology, 44(10),
2296–2301. DOI 10.1016/j.lwt.2011.07.015.

JRM, 2020, vol.8, no.12 1577

http://dx.doi.org/10.1016/j.carbpol.2013.01.086
http://dx.doi.org/10.3390/polym12010176
http://dx.doi.org/10.1016/j.ijbiomac.2020.03.214
http://dx.doi.org/10.1016/j.carbpol.2017.07.049
http://dx.doi.org/10.15171/bi.2019.05
http://dx.doi.org/10.1016/j.foodhyd.2006.11.010
http://dx.doi.org/10.1016/j.ijbiomac.2017.04.081
http://dx.doi.org/10.1016/j.foodhyd.2012.03.004
http://dx.doi.org/10.1007/s11947-012-0851-4
http://dx.doi.org/10.1016/j.carbpol.2015.11.069
http://dx.doi.org/10.1016/j.carbpol.2015.11.069
http://dx.doi.org/10.1016/j.carbpol.2012.11.054
http://dx.doi.org/10.1016/j.foodhyd.2015.09.028
http://dx.doi.org/10.1016/j.foodhyd.2017.04.014
http://dx.doi.org/10.1016/j.carbpol.2015.06.022
http://dx.doi.org/10.1016/j.carbpol.2015.06.022
http://dx.doi.org/10.9755/ejfa.2018.v30.i5.1644
http://dx.doi.org/10.1016/j.fpsl.2020.100484
http://dx.doi.org/10.1016/j.lwt.2011.07.015


33. Zepon, K. M., Martins, M. M., Marques, M. S., Heckler, J. M., Morisso, F. D. P. et al. (2019). Smart wound
dressing based on κ–carrageenan/locust bean gum/cranberry extract for monitoring bacterial infections.
Carbohydrate Polymers, 206, 362–370. DOI 10.1016/j.carbpol.2018.11.014.

34. Aloui, H., Licciardello, F., Khwaldia, K., Hamdi, M., Restuccia, C. (2015). Physical properties and antifungal
activity of bioactive films containing Wickerhamomyces anomalus killer yeast and their application for
preservation of oranges and control of postharvest green mold caused by Penicillium digitatum. International
Journal of Food Microbiology, 200, 22–30. DOI 10.1016/j.ijfoodmicro.2015.01.015.

35. Bozdemir, Ö. A., Tutaş, M. (2003). Plasticiser effect on water vapour permeability properties of locust bean gum-
based edible films. Turkish Journal of Chemistry, 27(6), 773–782.

36. Liu, F., Chang, W., Chen, M., Xu, F., Ma, J. et al. (2020). Film-forming properties of guar gum, tara gum and locust
bean gum. Food Hydrocolloids, 98, 105007. DOI 10.1016/j.foodhyd.2019.03.028.

37. Kurt, A., Kahyaoglu, T. (2014). Characterization of a new biodegradable edible film made from salep
glucomannan. Carbohydrate Polymers, 104, 50–58. DOI 10.1016/j.carbpol.2014.01.003.

38. Dos Santos, V. R. F., Souza, B. W. S., Teixeira, J. A., Vicente, A. A., Cerqueira, M. A. (2015). Relationship
between galactomannan structure and physicochemical properties of films produced thereof. Journal of Food
Science and Technology, 52(12), 8292–8299. DOI 10.1007/s13197-015-1961-6.

39. Singh, R. S., Kaur, N., Rana, V., Singla, R. K., Kang, N. et al. (2020). Carbamoylethyl locust bean gum: Synthesis,
characterization and evaluation of its film forming potential. International Journal of Biological Macromolecules,
149, 348–358. DOI 10.1016/j.ijbiomac.2020.01.261.

40. Aydinli, M., Tutaş, M. (2000). Water sorption and water vapour permeability properties of polysaccharide (locust
bean gum) based edible films. LWT—Food Science and Technology, 33(1), 63–67. DOI 10.1006/fstl.1999.0617.

41. Aydinli, M., Tutaş, M., Bozdemir, Ö. A. (2004). Mechanical and light transmittance properties of locust bean gum
based edible films. Turkish Journal of Chemistry, 28(2), 163–172.

42. Zhang, J., Zhang, X., Li, M. C., Dong, J., Lee, S. et al. (2019). Cellulose nanocrystal driven microphase separated
nanocomposites: Enhanced mechanical performance and nanostructured morphology. International Journal of
Biological Macromolecules, 130, 685–694. DOI 10.1016/j.ijbiomac.2019.02.159.

43. Zhang, X., Zhang, J., Dong, L., Ren, S., Wu, Q. et al. (2017). Thermoresponsive poly (poly (ethylene
glycol) methylacrylate) s grafted cellulose nanocrystals through SI-ATRP polymerization. Cellulose, 24(10),
4189–4203. DOI 10.1007/s10570-017-1414-7.

44. Kumar, S., Mukherjee, A., Dutta, J. (2020). Chitosan based nanocomposite films and coatings: Emerging
antimicrobial food packaging alternatives. Trends in Food Science & Technology, 97, 196–209. DOI 10.1016/j.
tifs.2020.01.002.

45. Domínguez, R., Barba, F. J., Gómez, B., Putnik, P., Kovačević, D. B. et al. (2018). Active packaging films with
natural antioxidants to be used in meat industry: A review. Food Research International, 113, 93–101. DOI
10.1016/j.foodres.2018.06.073.

46. Mir, S. A., Dar, B. N., Wani, A. A., Shah, M. A. (2018). Effect of plant extracts on the techno-functional properties
of biodegradable packaging films. Trends in Food Science & Technology, 80, 141–154. DOI 10.1016/j.
tifs.2018.08.004.

47. Yong, H., Liu, J. (2020). Recent advances in the preparation, physical and functional properties, and applications of
anthocyanins-based active and intelligent packaging films. Food Packaging and Shelf Life, 26, 100550. DOI
10.1016/j.fpsl.2020.100550.

48. Qin, Y., Liu, Y., Yuan, L., Yong, H., Liu, J. (2019). Preparation and characterization of antioxidant, antimicrobial
and pH-sensitive films based on chitosan, silver nanoparticles and purple corn extract. Food Hydrocolloids, 96,
102–111. DOI 10.1016/j.foodhyd.2019.05.017.

49. Yong, H., Wang, X., Zhang, X., Liu, Y., Qin, Y. et al. (2019). Effects of anthocyanin-rich purple and black eggplant
extracts on the physical, antioxidant and pH-sensitive properties of chitosan film. Food Hydrocolloids, 94, 93–104.
DOI 10.1016/j.foodhyd.2019.03.012.

50. Atarés, L., Chiralt, A. (2016). Essential oils as additives in biodegradable films and coatings for active food
packaging. Trends in Food Science & Technology, 48, 51–62. DOI 10.1016/j.tifs.2015.12.001.

1578 JRM, 2020, vol.8, no.12

http://dx.doi.org/10.1016/j.carbpol.2018.11.014
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.01.015
http://dx.doi.org/10.1016/j.foodhyd.2019.03.028
http://dx.doi.org/10.1016/j.carbpol.2014.01.003
http://dx.doi.org/10.1007/s13197-015-1961-6
http://dx.doi.org/10.1016/j.ijbiomac.2020.01.261
http://dx.doi.org/10.1006/fstl.1999.0617
http://dx.doi.org/10.1016/j.ijbiomac.2019.02.159
http://dx.doi.org/10.1007/s10570-017-1414-7
http://dx.doi.org/10.1016/j.tifs.2020.01.002
http://dx.doi.org/10.1016/j.tifs.2020.01.002
http://dx.doi.org/10.1016/j.foodres.2018.06.073
http://dx.doi.org/10.1016/j.tifs.2018.08.004
http://dx.doi.org/10.1016/j.tifs.2018.08.004
http://dx.doi.org/10.1016/j.fpsl.2020.100550
http://dx.doi.org/10.1016/j.foodhyd.2019.05.017
http://dx.doi.org/10.1016/j.foodhyd.2019.03.012
http://dx.doi.org/10.1016/j.tifs.2015.12.001


51. Umaraw, P., Munekata, P. E., Verma, A. K., Barba, F. J., Singh, V. P. et al. (2020). Edible films/coating with tailored
properties for active packaging of meat, fish and derived products. Trends in Food Science & Technology, 98,
10–24. DOI 10.1016/j.tifs.2020.01.032.

52. Rojas-Argudo, C., Del Río, M. A., Pérez-Gago, M. B. (2009). Development and optimization of locust bean gum
(LBG)-based edible coatings for postharvest storage of ‘Fortune’mandarins. Postharvest Biology and Technology,
52(2), 227–234. DOI 10.1016/j.postharvbio.2008.11.005.

53. Parafati, L., Vitale, A., Restuccia, C., Cirvilleri, G. (2016). The effect of locust bean gum (LBG)-based edible
coatings carrying biocontrol yeasts against Penicillium digitatum and Penicillium italicum causal agents of
postharvest decay of mandarin fruit. Food Microbiology, 58, 87–94. DOI 10.1016/j.fm.2016.03.014.

54. Licciardello, F., Kharchoufi, S., Muratore, G., Restuccia, C. (2018). Effect of edible coating combined with
pomegranate peel extract on the quality maintenance of white shrimps (Parapenaeus longirostris) during
refrigerated storage. Food Packaging and Shelf Life, 17, 114–119. DOI 10.1016/j.fpsl.2018.06.009.

55. Rizzo, V., Lombardo, S., Pandino, G., Barbagallo, R. N., Mazzaglia, A. et al. (2019). Shelf-life study of ready-to-
cook slices of globe artichoke ‘Spinoso sardo’: effects of anti-browning solutions and edible coating enriched with
Foeniculum vulgare essential oil. Journal of the Science of Food and Agriculture, 99(11), 5219–5228. DOI
10.1002/jsfa.9775.

56. Kharchoufi, S., Parafati, L., Licciardello, F., Muratore, G., Hamdi, M. et al. (2018). Edible coatings incorporating
pomegranate peel extract and biocontrol yeast to reduce Penicillium digitatum postharvest decay of oranges. Food
Microbiology, 74, 107–112. DOI 10.1016/j.fm.2018.03.011.

57. Boateng, J. S., Matthews, K. H., Stevens, H. N., Eccleston, G. M. (2008). Wound healing dressings and drug
delivery systems: A review. Journal of Pharmaceutical Sciences, 97(8), 2892–2923. DOI 10.1002/jps.21210.

58. Varaprasad, K., Jayaramudu, T., Kanikireddy, V., Toro, C., Sadiku, E. R. (2020). Alginate-based composite
materials for wound dressing application: A mini review. Carbohydrate Polymers, 236, 116025. DOI 10.1016/
j.carbpol.2020.116025.

JRM, 2020, vol.8, no.12 1579

http://dx.doi.org/10.1016/j.tifs.2020.01.032
http://dx.doi.org/10.1016/j.postharvbio.2008.11.005
http://dx.doi.org/10.1016/j.fm.2016.03.014
http://dx.doi.org/10.1016/j.fpsl.2018.06.009
http://dx.doi.org/10.1002/jsfa.9775
http://dx.doi.org/10.1016/j.fm.2018.03.011
http://dx.doi.org/10.1002/jps.21210
http://dx.doi.org/10.1016/j.carbpol.2020.116025
http://dx.doi.org/10.1016/j.carbpol.2020.116025

	Recent Advances in the Preparation, Characterization and Applications of Locust Bean Gum-Based Films
	Introduction
	Preparation and Characterization of LBG-Based Films
	Factors Affecting the Physical and Functional Properties of LBG-Based Films
	Potential Applications of LBG-Based Films
	Conclusions
	References


