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Abstract 
______________________________________________________________________________________________________________ 

Mucilages have attracted a lot of study and commercial interest as a result of the growing interest in 
natural ingredients. Mucilages are polysaccharide hydrocolloids having a wide range of 
physicochemical and structural properties, as well as functional and health benefits. Plant-derived 
mucilage has been discovered to be a natural thickening and emulsifier, as well as a substitute for 
manufactured polymers and chemicals. It is used as an edible coating to increase the shelf life of fresh 
vegetables and fruits, as well as many other food products, because it is an invisible barrier that 
separates the surface from the surrounding atmosphere. Mucilage can also be utilised to make 
nanocarriers in addition to its functional features. The most extensively used traditional and 
developing extraction and purification procedures are explained in this overview, which is 
supplemented with information on the important criteria for determining the physicochemical and 
functional qualities of mucilages. The biodegradable and biocompatible features of these low-cost 
excipients make them more suitable for the development of innovative formulations. Understanding 
the ecological, economic, and scientific aspects that influence production, as well as the efficacy of 
mucus as a multi-directional agent, will allow it to be used in a variety of businesses. 

Keywords: Bioactive compounds, Mucilages, Extraction, Polysaccharides, Food applications, 
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Introduction 

Plant-derived polymers have a high demand in the food and 
other industries due to their wide range of industrial uses, 
including film coating, emulsifiers, binder, and gelling agents; 
as a result, they are widely employed in the textile, paper, and 
cosmetic industries.1, 2 . People are increasingly interested in 
plant-based naturally produced biopolymers (gums, mucilage, 
cellulose, and glucans) as an useful ingredient for the 
formulation of eco-friendly, sustainable, and cost-effective 
products3 because to the harmful effects of synthetic polymers 
on human health. Furthermore, various living species, such as 
plants, algae, mammals, bacteria, and fungi, may 
biosynthetically produce a vast number of polysaccharides4. 
Natural polysaccharides are also employed in the food 
industries because they are considered safe to eat5. Plant-
derived mucilage is one of the most extensively utilised 
polysaccharides in the food industry, owing to its wide range 
of applications6. Mucilage can be found in Aloe vera, Salvia 
hispanica seeds, Cordia dichotoma, Basella alba, Plantago 
psyllium, Cyamopsis tetragonoloba, Cactaceae, Abelmoschus 
esculentus, Trigonella foenum-graecum, Moringa oleifera, and 
Linum usitatissimum, among other plants and components. 
Plant-derived mucilage, due to its distinctive health 
(anticancer, angiotensin-converting enzyme inhibition extends 
to diabetes, and immunity stimulation) and food properties, is 

widely used as an active ingredient for the formulation of 
pharmaceutics, functional and nutraceutical products7. 
Mucilage (a polymeric polysaccharide complex) is mostly 
made up of carbohydrates with highly branched structures, 
such as L-arabinose, D-xylose, D-galactose, L-rhamnose, and 
galacturonic acid monomer units. Glycoproteins and several 
bioactive components such as tannins, alkaloids, and steroids 
are also present8-10. Furthermore, due to the structure of the 
polysaccharide, mucilage produces an endless number of 
monosaccharides when hydrolyzed, depending on the type of 
hydrolysis products obtained. It can also be divided into 
pentose sugars (xylan) and hexose sugars (cellulose and 
starch), both of which are regarded gum-like components due 
to their physiological similarities. However, the sugars 
produced by hemicelluloses such as xylose, glucose, and 
mannose, rather than sugars produced by gums such as 
galactose and arabinose, are largely connected to 
hemicelluloses in composition11,12. Furthermore, it can be used 
for a variety of purposes, including edible coating, wound 
healing, tablet production, encapsulation, water filtration, and 
different nanocarriers. Mucilage has good functional 
properties, but they also play a vital role in film, emulsion, 
coated metal nanoparticles, and gel production because to 
hydrogen bonding between distinct functional and other polar 
groups13. Nanostructured hydrogels and mucilage-coated 
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metal nanoparticles have been used extensively as a 
substantial delivery vehicle for diverse hydrophilic and 
hydrophobic components in recent years14. Different types of 
biopolymers and cross-linking polymers can be employed in 
the formulation of nanohydrogel, and mucilage can be used as 
either a primary biopolymer or a cross-linking component15. 
Several studies on the formulation of stable nanohydrogels 
with mucilage as an active component have been published, 
and researchers have discovered a variety of therapeutic and 
dietary applications for the nanohydrogels16-17. 
Nanohydrogels produced with mucilage also have a higher 
stability than other plant-based biopolymers. Metal 
nanoparticles coated with polymeric carbohydrates including 
starch, dextran, chitosan, and mucilage are also the most 
commonly utilised nanocarriers for targeted drug delivery. 
Because their polymeric shells enable them to transmit and 
release the medication during biodegradation, in addition to 
prolonging blood circulation time by hiding them from the 
immune system16,17. However, because there are few 
publications on the entire knowledge of plant-derived 
mucilage, the focus of this study will be on the 
physicochemical qualities, characterisation, health, and 
functional features of mucilage. Also explored is the use of 
mucilage crosslinked nanohydrogels and mucilage coated 
metal nanoparticles. 

Occurrence 

Plant-based polymers are used in a variety of industries, 
including pharmaceuticals, food, cosmetics, and paper, and 
plant seed polysaccharides are classified into three groups: 
Non-starch endosperm components, mucilaginous seed coat 
elements, and endosperm cell wall material are the three types 
of endosperm components. Gums and mucilages, for example, 
are cheap polymers that are easily available. Mucilages are 
similar to gums in that they are metabolic products that are 
produced without harming the plant. Mucilages are abundant 
in nature, particularly in higher plants. They contribute to the 
plant's water and food reserves, as well as assisting in seed 
germination, by forming as a required component of the cell or 
as a component of plant cell walls.18. Slimy aggregate gums 
and mucilages disintegrate fast in water19. Mucilages are also 
nontoxic, nonirritant, biocompatible, and have a wide range of 
chemical properties. Mucilages are polysaccharide 
hydrocolloids that, in most cases, have sugar molecules linked 
to uronic acids. Following hydrolysis, a mixture of sugars and 
uronic acids can be obtained. Mucilages are hydrophilic 
molecules that, when hydrolyzed, mix with water to generate 
slimy solutions or gels. 

Sources 

Mucilage is a water-soluble sticky material made composed of 
carbohydrates and uranic acid units that can be found in a 
variety of plant tissues, including the mucous epidermis of the 
seed coat, bark, leaves, and buds20. The majority of plants 
produce mucilage in their seed coats, a process known as 
Myxospermy, while others produce it in their fruit epicarps, a 
process known as Myxocarpy. Plantaginaceae, Acanthaceae, 
Linaceae, and Brassicaceae are among the families that 
produce mucilage from seed coats, whereas Poaceae, 
Asteraceae, and Lamiaceae21 produce Myxocarpy (fruit 
mucilage). Mucilage on the seed coat protects the plant from 
early seedling development and drought stress during 
germination. Hair secretion, intracellular mucilage, and cell 
membrane mucilage are just a few of the many types of 
mucilage that can be classified based on their origins11. The 
three types of mucilage obtained from the seed coat are 
endosperm non-starch polysaccharide (galactomannans), 
endosperm cell wall material (soybean hemicelluloses and 
xyloglucans), and mucilaginous parts of the seed coat 

(flaxseed, Chia seed, and yellow mustard) 22,23. Mucilage forms 
a jelly-like layer around fruit, retaining moisture and 
preventing seeds from drying out entirely, acting as both a 
hydrating agent and an energy reservoir24,25. Root mucilage is 
primarily made up of flavonoids, phenolic acids, amino acids, 
galactosidase, antibiotics, sugars, peroxidase, proteins, and 
anthocyanins26, which are formed by root border cells and 
polysaccharides. Mucilage is also involved in germination, 
dispersal, and soil adhesion control. Root mucilage is also 
important for plant growth in a number of ways, including 
root-to-soil contact, root tip lubrication, soil microaggregate 
stability, water storage ability, selective storage, and ion 
absorption through root cells (Na+, Cd2+, Pb2+, and Al3+). 
Furthermore, mucilage is mostly secreted as a coagulated 
polysaccharide (poly-galacturonic acid) by the secretory 
vesicles of hypersecretory root cap cells and then transported 
to older root areas during root extension, but epidermal cells 
can also secrete mucilage27-29. Mucilage is also formed in the 
leaves and buds of numerous plant species; it helps to store 
food and water by allowing the leaves to retain water capacity 
when soil water deficiencies occur. 

Extraction and purification 

Plant seeds contain mucilages that are very hydrophilic, thus 
they can be removed by soaking the plant in water. The 
extraction process can be sped up by providing gentle shaking 
throughout the soaking duration. These methods may extract 
30% to 35% of mucilages from plant seeds, with yields 
changing depending on extraction parameters (pH, 
temperature, time), seed properties (genotype, morphology, 
mucilage composition, and arrangement), and extracting 
solvent (nature, ratio) 30. To boost mucilage extraction yield, 
several physical, chemical, and enzymatic treatments have 
been examined. The extraction procedure and circumstances 
impact the yield and quality of extracted mucilage. 

Conventional techniques  

Solvent treatment 

In a conventional aqueous process, the mucilage is removed 
from the dry part of the plant or seed using hot distilled water. 
This procedure is carried out in an environment that is 
constantly churning or shaking. The solution is then filtered, 
and the process can be repeated as needed. By adding alcohol 
to the filtrate, the mucilage is precipitated. The precipitated 
mucilage is dried in an oven or freeze-dried to form the final 
mucilage powder31. On the other hand, the natural occurrence 
of mucilage can be a limiting issue, needing more unit 
operations. The ratio of mannose to galactose in mesquite 
seeds ranges from 2:1 to 4:1. The mucilage is difficult to 
extract due to the tough seed pods. As a result, mechanical 
activities such as crushing and hulling are required; to achieve 
these requirements, an alkali/acid treatment at various 
temperatures has proven to be effective. By far the most used 
extraction method is solvent extraction. In a study conducted 
by Nazir, Wani, and Masoodi, the effect of extraction 
parameters such as temperature, time, and water-to-seed ratio 
on the extraction yield of aqueous extract of basil seed 
mucilage was shown to be significant (2017). In this study, the 
most critical factor in yield was the water-to-seed ratio, 
followed by temperature and extraction time. Using a central 
composite rotatable design, the temperature, extraction time, 
and water-to-seed ratio were tweaked, and the best 
temperatures, extraction time, and water-to-seed ratio were 
reported to be 56.70C, 1.6 h, and 66.84:1 respectively. The 
amount of aqueous basil seed mucilage found ranged from 
7.86 to 20.5 g/100 g32. Temperature, followed by seed-to-
water ratio, was found to have the highest impact on chia 
mucilage extraction yield33. As a result, optimising the 
operating conditions of an extraction process is critical for 
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maximising yield. The quality of the extracted mucilage is also 
affected by these conditions. In their study34, they found that 
alkaline extraction yielded a high yield (24.9 percent), while 
also keeping the polysaccharide's viscosity and foaming 
properties.  The mucilage's chemical composition's complexity 
could also be a problem. Chia mucilage, for example, is a 
polysaccharide that contains b-D-xylose, a-D-glucose, and 4-O-
methyla-D-glucuronide, giving it a complex structure that 
requires ethanoic pretreatments and the extraction of 
chemical non-polar solvents like hexane35. Although 
supercritical fluids have been used in various extraction 
applications36, a transition to more environmentally friendly 
alternatives is required. 

Agitation and centrifugation 

In some situations, agitation might be a simple technique to 
separate mucilage. The medicinal herb Ocimum americanum, 
for example, has seeds that are encased in a jelly-like fluid that 
dries to form a thin covering. When the seeds come into 
contact with mucilage, it absorbs water and can be separated 
with agitation (against the use of solvent treatments). The 
seeds were agitated at various speeds (ranging from 200 to 
4000 rpm) and for varying periods of time in a study 
conducted by37. The process was conducted at 2000 rpm for 
50 minutes to maximise mucilage yield. In a recent work, De 
Campo et al. (2017) employed centrifugation to extract chia 
seed mucilage38. Chia seeds were soaked in distilled water for 
around two hours while regularly stirring the solution. A 
vacuum pump was used to extract the mucilage from the 
seeds, and cheesecloth was used to filter out the suspended 
microscopic particles. To make chia seed mucilage powder, the 
filtered solution was dried in an oven. The extraction of 
mucilage from cress seeds followed a similar technique39. The 
pH of the water was corrected to 10 using NaOH 0.1 M in this 
method. The solution was dried and processed to obtain a 
powder after soaking, stirring, and separating the mucilage. 
0.02 percent sodium azide was added to the deionized water 
as an antibacterial agent during the extraction of quince seed 
mucilage, and the extraction was continued40. 

Emerging techniques  

Ultrasonication 

Non-thermal ultrasound treatment is utilised in the food 
industry for a variety of applications, including extraction. 
Low-frequency ultrasound has been used to eliminate 
mucilages by shattering the biological cell wall through the 
creation of holes. Cavitation is the name for the process in 
which pores allow solvents to permeate more efficiently, 
enhancing detachment and yield. To separate the mucilage, 
the seeds were treated to ultrasound-assisted extraction, with 
yields ranging from 7.02 percent to 16.29 percent due to 
changes in extraction conditions. This study found that the 
optimal extraction time for separating mucilage was 7.68 
minutes at 380°C and pH 6.35, with a maximum mucilage yield 
of 14.09 percent41. The mucilage of chia seeds, on the other 
hand, is high in soluble fibres and omega-3 fatty acids. To 
extract the oil, the mucilage was removed using an ultrasonic 
probe treatment at 500°C for 3 minutes with pressurised polar 
solvents35. Mucilage extraction from Arabidopsis seed coat is 
difficult due to the presence of two layers of mucilage. The 
exterior adhesive layer, which is formed of 
rhamnogalacturonan I, may be removed by shaking, but the 
inner adhesive layer, which is composed of 
rhamnogalacturonan I, is difficult to separate. Various 
chemical therapies were tried, but a 20-second ultrasonic 
therapy produced the best results44. In another study, 
ultrasound-assisted extraction was used to extract the 
mucilage from flaxseeds. Aside from the extraction, the 

treatment has the potential to reduce anti-nutritional 
components such as tannins43. 

Microwave treatment 

Microwave treatment is a relatively new thermal processing 
technology for extracting mucilages from a variety of plant and 
seed sources44. The mucilage found in Opuntia ficusindica L. 
Miller is a high-molecular-weight hetero-o-polysaccharide that 
accounts for up to 14% of the dry weight. The effect of 
temperature, pH, and solvent on the structural, functional, and 
nutritional value of mucilages45 is a feature of traditional 
water extraction procedures. Conventional hot water 
extraction procedures, for example, have been shown to result 
in the loss of heat sensitive chemicals in investigations on 
Lepidium perfoliatum seed mucilage. To address this 
limitation, microwave-assisted extraction was used with an 
extraction period of 120 to 180 seconds and a power of 300 to 
400 watts, resulting in significant mucilage content46.  Upon 
increasing the power level to 400 W, the treatment time was 
reduced, with a drastic reduction in mucilage yield. 
Conventionally, applying hot water extraction with a long 
extraction time is known to be cost-effective, but may hamper 
the quality of the mucilage. Microwave-assisted extraction is a 
prospective alternative technology that can save time, 
minimise solvent use, and enhance extraction efficiency. 
Microwave extraction was utilised to generate the maximum 
qualitative and quantitative yield47 in a study on 
polysaccharide extracts of jujube, which are known to be 
potent in antioxidants. An attempt was undertaken to extract 
mucilage from Opuntia ficus-indica using microwave-assisted 
extraction, with a yield of 83 percent 48. Microwave extraction 
was also employed for ficus seed, with a 25 percent increase in 
yield compared to traditional methods49. 

Enzymatic treatment 

In the food sector, enzymes can be used in a variety of ways. 
Enzyme-assisted extraction is a highly precise and 
environmentally safe method. The polysaccharides in 
Asplenium australasicum leaves were extracted using 
enzymes (J. Sm.) Endo-1,4-b-xylanase and/or b-glucanase 
were used to extract the mucilages, and the findings showed a 
high yield and excellent physicochemical qualities50. A 
fascinating study was published on the waste usage of Chinese 
yam, a tuber having therapeutic potential. During industrial 
processing, yam drying waste was obtained, and the mucilage 
contained therein was removed. The yam's mucilage is 
considered a functional food. Enzymatic hydrolysis was used 
to reduce molecular weight, and different enzymes such 
protease, a-amylase, mannanase, galactanase, xylanase, 
arabinase, and rhamnase were tested with the improved 
procedure. Mannose content was shown to decrease 
dramatically after protease hydrolysis, from 62.52 percent to 
3.96 percent. Apart from eliminating proteins that come 
together with polysaccharides like mannose, which have 
significant promise as a functional food51, enzymatic treatment 
can substantially lower the molecular weight and viscosity.  
Single/dual enzymatic modifications were performed for the 
extraction of Asplenium australasicum mucilage. The quality of 
the mucilage was shown to improve when proteinaceous 
matter was removed using trichloroacetic acid and proteinase 
enzyme treatments. Physical qualities were improved at the 
same time, and enzymatic treatment with proteinase and 
xylanase resulted in structural changes and better functional 
properties52.  

Several other extraction techniques have proven the potential 
for the extraction of bio-based ingredients 53. Considering a 
balance between yield, purity, cost, time, and simplicity, these 
can be explored for the extraction of mucilages as well. 
Generally, crude mucilages possess off-flavors that must be 
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removed. Further, the presence of protein-matter and 
endogenous enzymes can affect the stability of the solution. 
Hence, it is necessary to purify mucilages with solvents like 
ethanol, isopropanol, methanol, copper, or barium complexes. 
Accordingly, the purification of cress seed mucilages was done 
using a series of solvents like ethanol, followed by isopropanol 
and ethanol-isopropanol, resulting in a reduction of the 
molecular weight of polysaccharides and the removal of ash 
and protein54. Mucilage's characteristics can be drastically 
altered during the purification process. Purified basil seed 
mucilage, guar gum55, and Lallemantia royleana seed 
mucilages56, for example, had increased viscosity after protein 
impurities were removed. Purification of crude mucilages can 
also be accomplished utilising molecular weight-based column 
separation techniques. To purify crude polysaccharide, 
columns such as diethylaminoethylcellulose and Sephadex G-
100 were utilised. Polysaccharides isolated from jujube by 
microwave treatment, for example, were purified on a G-100 
column, and the purified mucilage was then lyophilized47. 

Characterization of the mucilage 

This method is used to determine the chain configuration, or 
microstructure, of a polymer while it is in either a solid or 
liquid condition. This method can be used on any type of 
sample that contains a spin-filled nucleus. In this context, 
Singh et al., 2 observed nuclear magnetic resonance spectra 
(1H and 13C) of the mucilage of the seed/fruit of Diospyros 
melonoxylon Roxb at 400 MHz, and revealed that many sugar 
compositions are consist of CH and OH groups of mannose (d 
3065 to d 3060 ppm), CH group of rhamnose (d 72.2 ppm), CH 
group of arabinose (d 70.1-d 71.8 ppm), the CH2 group of 
arabinose (d 3.81 to d 3.55 ppm), and the CH group of 
mannose (d 72.3 ppm), respectively. Likewise, Deore et al.57 
and Dehghani et al. 58 studied the composition of the mucilage 
of Cassia obtusifolia and chia seeds and concluded that the 
mucilage of Cassia obtusifolia contains the CH group of 
arabinose (d 69.61–d 71.25 ppm), glucose (d 4.15 and d 3.84 
ppm), OH and CH groups of mannose (d 3.62 and d 3.41 ppm), 
methyl group (1.23 ppm), non-anomeric protons (3.1 and 4.1 
ppm), OH and CH2 groups of arabinose (d 3.55 and d 3.39 
ppm), while chia seed mucilage contains OH and CH groups of 
mannose (3.6 and 3.65 ppm), OH and CH groups of arabinose 
(3.55 and 3.81 ppm), and the bond between methyl and 
protons with C6 and C4 of galactose. Devi et al. 59 found that 
flaxseed mucilage contained methylene and thio parts of 
thioglycolate resonance at peak values of 4.14 and 5.56 ppm, 
respectively. FTIR spectroscopy can be employed in 
wavelength areas between 4000 and 400 cm-1 with a 
resolution of 2 cm-1 or 4 cm-1 to determine the chemical 
structure and functional groups of mucilage. The carbohydrate 
fingerprinting area is defined as the area between 800 and 
1200 cm-1. Mucilage comprises polymers such CH2, O-H, C-H, 
and C-O-C, as well as the carboxylate group, which has been 
detected in many investigations. It was also observed that the 
spectra obtained from mucilage showed a huge peak value at 
the range of 3500–3300 cm-1, the absorption band at around 
3000–2800 cm-1, 1270–1080 cm-1, at 1600 cm-1, and 1400 cm-1 
confirming the vibrational stretching of the polymeric O-H 
group, CH2 and C-H group, C-O group, Carboxylate asymmetric 
stretching, and symmetric stretching respectively60-62. The 
FTIR examination of basil seed mucilage by Naji- Tabasi et al. 
63 revealed the presence of uronic acids, with absorptions at 
wavelengths of 1600 and 1400 cm-1 confirming the presence 
of uronic acid ascribed to C-OO asymmetrical and symmetrical 
stretching, respectively. As a result, Pratik and Shadique 64 

isolated mucilage from Tilkor (Mamoradica monadelpha) 
fruits, and the mucilage sample was freeze-dried into powder 
form.  FTIR result confirmed the presence of complex 
carbohydrate (starch), moreover, FTIR of Tilkor mucilage 
showed the vibrational stretching of C-H bending of Alkynes, 

C-H bending in aromatic rings, C-C Stretching vibrations, free 
O-H groups Vibrations, and C=N bond showed Aminoacids/ 
proteins and the absorption band wavelength at around 685 
cm-1 –665 cm-1, 900 cm-1 –625cm-1, 822 cm-1, 3710–3513 cm-1, 
and 1623 cm-1  respectively. Rheological characterisation 
examines the shear rate-dependent flow behaviour of 
mucilage solutions throughout a shear rate range of 0 to 100 
Hz. Several scientists studied the rheological properties of the 
mucilage in seeds from various plants. Punia et al.65 used an 
oscillatory shear to measure the rheological characteristics of 
chia seed mucilage (range of frequency stress sweep is about 1 
Hz to 10 Hz) and found that the chia seed had the highest 
correlation coefficient (R2 > 98.58) and that the viscosity of 
the solution decreased rapidly as the shear rate was increased. 
Another study by Capitain et al. 66 found that raising the 
concentration from 0.25 to 1.00 (w/v) enhances the viscosity 
of chia seed dispersions. Similarly, Abbastabar et al. 67 
identified quince seed mucilage and found that at strain 11.4 
percent, the curve deviated from the linear range. In the 
presence of 0.2 M NaCl, increases in storage modulus and 
decreases in viscoelastic linear range (7.7%) were found, 
indicating that NaCl has dual activity on mucilage or gum. 
Quince seed mucilage has a rather high activation energy of 
6988.74 J mol1. The activation energy of biopolymers is 
commonly used to measure chain flexibility. In their 
investigation, Keshani-Dokht et al.68 discovered a decrease in 
the magnitude of Cordia myxa mucilage as well as an increase 
in solution concentration from 0.99 to 0.89 and 0.2–2%, 
respectively. They discovered that at high concentration 
levels, the mucilage solution has a tendency to shear thin 
more. Cordia myxa mucilage has an estimated activation 
energy of 446.23 KJ. The thermogravimetry analysis (TGA) 
method is used to determine the mass variation in a mucilage-
containing sample as a function of temperature in a controlled 
environment62. When a portion of the sample is changed into 
vapour, the vibration of mass can be negative, and when the 
sample is subjected to corrosion or oxidation, it can be 
positive69. Mucilage's thermal stability can be tested in two 
ways: isothermal (temperature remains constant) and 
dynamic (temperature changes) (temperature is increased at a 
linear rate)6. According to the derivative thermograms and 
primary thermograms, heating Manilkara zapota seed 
mucilage at 100C/min from 0C to a maximum of 9000C 
resulted in two mass loss events. Furthermore, there was 
41.17% weight loss at 178.6–359.70C temperature range in 
the first Decomposition stage and 30.06% weight loss at 
359.7–600.6 0C in the second Decomposition stage. Besides, at 
the same temperature range the enthalpy (315.8729 and 
3624.787 J/g), DTG peak (350.30C and 614.4 0C), and heat 
change (138.4354 and 1082.215 µVs/mg) were observed for 
both first and second decomposition stages70. Differential 
scanning calorimetry (DSC) has developed as a promising 
physical tool for investigating physical and chemical changes 
in mucilage after thermal processing71. Mucilage's strong 
thermostability can be used in paintings to stabilise 
suspensions or emulsions, increase bake-stability in cakes, 
prevent crystal formation, and improve freeze-thaw stability6, 
among other things. The glass transition temperature of 
Diospyros melonoxylon Roxb seed mucilage was discovered to 
be 780C during DSC examination. Differential scanning 
calorimetry thermograms revealed a high-intensity peak at 
roughly 2000C, indicating an endothermic transition. The 
significant endothermic peak of chia seed mucilage aligns with 
the hydrophilic nature of the functional groups, and could be 
attributable to the gums' irregular packing structure72. The 
endothermic peak transition temperatures (Te, To, Tp) of chia 
seed mucilage were 2150C, 52.80C, and 107.90C, respectively. 
233.9 J/g was enthalpy change value of chia seed mucilage. In 
the case of exothermic peak transition temperatures (Te, To, 
Tp) of chia seed mucilage were 354.90C, 277.7 0C, and 316.80C, 
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respectively, and the enthalpy value of exothermic peak (101.9 
J/g) was lower than endothermic. Mucilage's high enthalpy 
value shows that it takes a lot of energy to release water, 
which is linked to crystallisation loss and hydrogel 
boundedness65. 

Mucilage based nanocarriers and their 
application 

Synthetic and non-synthetic polymers have been effectively 
employed to make hydrogels in the past, although plant-
derived (synthetic) polymers such as proteins, 
polysaccharides, and polypeptides are the most popular due to 
their wide range of applications. Because of its hydrophilicity, 
safety, and biodegradability, mucilage offers a lot of potential 
for making hydrogels. Hydrogels are hydrophilic, polymeric 
3D materials that allow liquids to diffuse while simultaneously 
maintaining solids' cohesive properties. Because of their wide 
range of uses, they are in high demand among technologists 

and researchers. In 1960, the first synthetic hydrogel was 
created. 

Furthermore, hydrogels made from plant-derived polymers 
are in great demand due to the presence of functional groups 
including sulphate, amide, hydroxyl, and carboxylic, which 
boost swelling and water holding capacity, as well as flexibility 
and microscopic holes. Many stimuli exist, including (pH, 
temperature, and electric field) 73. The principles of 
crosslinking a polymer chain are employed in conjunction 
with two ways (physical and chemical crosslinking) for the 
creation of hydrogels. Chemical crosslinking involves forming 
new covalent connections with the hydrogel's polymer chain, 
although physical contact between the hydrogel's polymer 
chains is also possible. For the production of hydrogel from 
plant-derived polymers (gum and mucilage), both chemical 
and physical crosslinking methods can be used 74. Figure 1 
depicts the development of a nanohydrogel. 

 

 

Figure 1: Plant-based mucilage as an efficient biopolymer in the synthesis of nanohydrogel74 

 

These properties raise the value of hydrogel as a potential 
application in food, pharmaceuticals, and other industries75. 
The cross-linking (physical or chemical) parameters taken 
during the gel formulation are used to characterise hydrogels. 
A nanohydrogel is a three-dimensional network of hydrophilic 
material (e.g., polysaccharide) with a diameter of less than 100 
nm, which is identical to a regular hydrogel. When compared 
to micro and macrocategorization, nanoparticulates offer 
numerous advantages in the food and other industries. The 
term "nanohydrogel" was used to describe the cross-linking 
and networking of polyanion molecules76. They're employed 
for a variety of things, including wound healing, medicine 
delivery, vaccine distribution, film enhancement, and enzyme 
immobilization77, 78. Mucilage-based hydrogels with 
nanocomposites generate a 3D network with exceptional 
porosity, allowing for extensive food or medicine absorption 
in water79. Ceramic matrix nanocomposites, polymer matrix 
nanocomposites, and metal matrix nanocomposites are the 
three types of nanocomposites. They were chosen for their 
potential properties in macro and microcomposites, including 
as mechanical, barrier, and optical features. Field emission 
scanning electron microscopy (FESEM), Fourier-transform 
infrared spectroscopy (FTIR), X-ray diffraction (XRD), X-ray 
photoelectron spectroscopy (XPS), and high-resolution 
transmission electron microscopy (HRTEM) 80 can all be used 
to characterise mucilage-based nanohydrogels. The mucilage-
based hydrogels can operate as a protector, preventing active 
substances from degradation, oxidation, and destruction, and 
have a variety of uses in water purification, medicine delivery, 
food processing, tissue engineering, and agriculture. Mucilage-
based nanohydrogels can be characterised by field emission 
scanning electron microscopy (FESEM), Fourier-transform 
infrared spectroscopy (FTIR), X-ray diffraction (XRD), X-ray 

photoelectron spectroscopy (XPS), and high-resolution 
transmission electron microscopy (HRTEM) 80. Mucilage-
based hydrogels can act as a protector, preventing active 
chemicals from being degraded, oxidised, or destroyed, and 
have a wide range of applications in water purification, drug 
delivery, food processing, tissue engineering, and 
agriculture75. Nanohydrogels combine the benefits of 
hydrogels, such as absorption capacity, hydrophilicity, 
flexibility, and high water holding capacity, with the benefits of 
nanoparticles, allowing for improved dispersion in food 
packaging materials and a reduction in the amount of 
bioactive substances required81. Due to their unique qualities, 
such as biocompatibility, biodegradability, stimuli-responsive 
properties, and biological characteristics, plant-derived 
mucilage-based nanohydrogels are in high demand, making 
them a good material for use in a variety of applications. 
Nanohydrogels could also be used for controlled medication 
delivery, biomimetic materials, and biological or chemical 
sensors, among other things. Nanotechnology is now used 
extensively in medicine delivery systems, food processing, and 
water purification82. As a result, nanoparticles (magnetic and 
non-magnetic), nanofibers, nanocomposites, and 
nanoencapsulation are widely used as nanocarriers in a 
variety of industrial applications, including medicine delivery, 
dye removal, and film creation. In addition, Rayegan et al.83 
created magnetic Fe3O4 nanoparticles coated with basil seed 
mucilage for the controlled delivery of an antibiotic 
(cephalexin). XRD, FTIR, TEM, FESEM, and VSM were used to 
characterise the material. FESEM revealed that the mean size 
of the nanoparticles was 6 nm and 12 nm, with 0.25 and 0.28 
PDI values, respectively. One hundred and fifty magnetic 
nanoparticles were randomly selected for FESEM. 
Furthermore, the antibacterial efficacy was assessed using the 
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disc diffusion method, and it was discovered that loading 
cephalexin onto basil seed mucilage-coated magnetic 
nanoparticles had no detrimental effects on drug performance 
or structure. Furthermore, it improved cephalexin's 
antimicrobial characteristics. As a result, Mohammadi et al.84 
developed nanocomposite films containing okra mucilage 
(OM), carboxymethylcellulose (CMC), and ZnO nanoparticles, 
and tested their antibacterial and physicomechanical 
capabilities. In their study, they used different proportions of 
okra mucilage and carboxymethylcellulose (0/100, 30/70, 
40/60, and 50/50, respectively). High quantities of ZnO 
nanoparticles and okra mucilage were found in coloured films. 
Furthermore, the introduction of ZnO nanoparticles into 
carboxy methylcellulose film increased tensile strength and 
lowered elongation at the break value due to the addition of 
mucilage. 

Synthesis of Nanoparticles with Mucilage 

Nanoparticles have gotten a lot of interest because of the 
development of green, simple, and long-lasting nanoparticle 
synthesis. Direct precipitation, microwave, and hydrothermal 
techniques are commonly utilised physicochemical 
methods85,86. As a result, plant-derived polymers including 
gums and mucilages are effective for nanoparticle production 
and functionalization. Vitamin D-loaded nanoparticles on cress 
seed mucilage and gelatin were used in nano-formulations 
employing mucilage used in microparticle formulation. With 
better in vitro release percentages of vitamin D in intestinal 
fluids and mimicked gastroitestinal conditions83, the produced 
particles improved encapsulation efficiency (about 70%). As a 
result, Pathak et al.87 detailed how they were able to 
synthesise nanoparticles with a cationic polysaccharide 
polymer employing mucilage as an anionic ocular polymer 
(chitosan). The produced material was tested for antibacterial 
activity against Gram-positive (Bacillus cereus and 
Staphylococcus aureus) and Gram-negative bacteria 
(Salmonella typhimurium and Escherichia coli). This form of 
nanoparticle could be valuable in the pharmaceutical business 
to keep medications from losing their antibacterial activity. 
Additionally, the negative charge of the mucilage was 
suppressed by creating cephalexin-loaded/basil seed 
mucilage-coated iron oxide (Fe3O4) magnetic nanoparticles. At 
pH 7.4, the in vitro release of antibiotic (cephalexin) from 
drug-loaded coated nanoparticles was biphasic, with an initial 
fast release phase followed by a continuous release phase. For 
the manufacture of mucilage nanoparticles loaded with the 
cytotoxic drug paclitaxel, phase inversion techniques and 
antisolvent supercritical gas employing supercritical carbon 
dioxide as an anti-solvent were used, in addition to abusing 
the negative charge of the mucilage. The nanoparticles had a 
high drug loading of more than 75 percent and a small particle 
size of roughly (200 nanometers) 88. Mucilage is high in 
flavonoids and polyphenols. These chemicals can effectively 
bind zinc ions in an aqueous media and act as stabilisers and 
natural reducers during the nanoparticle manufacturing 
process. Several carbohydrates and counter acetate ions are 
also destroyed during the oxidation process, resulting in large 
amounts of carbonate ions (Ag, Zn, Cu, and Co) and carbon 
dioxide, allowing the binders to be eliminated89. 

Conclusions, future research perspectives, and 
challenges 

Plant-derived polymeric carbohydrates have gained 
popularity in the food industry in recent years due to their 
wide range of applications, including film coatings, emulsifiers, 
binders, and gelling agents. Mucilage, among all carbohydrate 
polymers, has been widely used in modern research due to its 
wide range of uses. Mucilage formed from plants can be 
extracted from the specific mucilage cells found in various 

plant parts. Mucilage is also made up of L-arabinose, D-xylose, 
D-galactose, L-rhamnose, and galacturonic acid, which are all 
complex carbohydrate polymers with highly branching 
structures. Glycoproteins and several bioactive components 
such as tannins, alkaloids, and steroids are also present. Plant-
derived mucilages can be utilised as an active functional 
component, emulsifier, surfactant, stabiliser, encapsulating 
material, or cross-linker because of their qualities, and thus 
they could be used to make many types of nanocarriers. 
Furthermore, researchers discovered a wide range of 
medicinal and food science uses for biopolymer produced 
nanocarriers, particularly nanohydrogels and metal 
nanoparticles. Mucilage is a polymer generated from plants, 
and its availability fluctuates depending on the season and the 
climate. These changes, in addition to agronomical variables, 
may alter the quality and production of mucilages; 
nevertheless, the extraction and purifying processes are quite 
complex. Mucilage output and consistency may be affected by 
insufficient mucilage removal, physical damage to the seed, 
and morphological aspects of plant portions containing 
mucilage, offering a severe challenge to associated costs and 
the ability for mass production. The chemical makeup and 
manner of action of mucilages in food systems determine their 
toxicity. As a result, it's critical to figure out how poisonous 
mucilages are, specifically the prevalence of heavy metals in 
various plant sources. The fixed-dose approach, as 
recommended by the Organization for Economic Cooperation 
and Development's guideline number 425, can be used to 
determine the harmful effects of mucilages (OECD). Because 
mucilage has a moisture level of roughly 10%, the potential of 
microbial contamination throughout any stage of processing is 
substantial. This is due to the presence of biological molecules 
that encourage microbe growth and production under ideal 
conditions. Furthermore, the length of storage is a significant 
role in mucilage contamination. Variations in storage 
conditions have been linked to changes in mucilage quality, 
according to studies. This frequently necessitates strict 
monitoring of the various handling methods employed at 
various levels of the supply chain. Uncontrolled 
biodegradability, shear instability, thermal decomposition, pH 
dependence, thickening, and uncontrolled hydration are all 
issues that can be addressed with adjustments. 

References 

1. Ma F, Wang R, Li X, Kang W, Bell AE, Zhao D, Liu X, Chen W. Physical 
properties of mucilage polysaccharides from Dioscorea opposita 
Thunb. Food chemistry. 2020 1; 311:126039. 
https://doi.org/10.1016/j.foodchem.2019.126039 

2. Singh R, Barreca D. Analysis of gums and mucilages. InRecent 
Advances in Natural Products Analysis 2020 1 (pp. 663-676). 
Elsevier. https://doi.org/10.1016/B978-0-12-816455-6.00021-4 

3. Freitas TK, Oliveira VM, De Souza MT, Geraldino HC, Almeida VC, 
Favaro SL, Garcia JC. Optimization of coagulation-flocculation 
process for treatment of industrial textile wastewater using okra 
(A. esculentus) mucilage as natural coagulant. Industrial Crops 
and Products. 2015 Dec 15; 76:538-44. 
https://doi.org/10.1016/j.indcrop.2015.06.027 

4. Gasperini L, Mano JF, Reis RL. Natural polymers for the 
microencapsulation of cells. Journal of the royal society Interface. 
2014 Nov 6; 11(100):20140817. 
https://doi.org/10.1098/rsif.2014.0817 

5. Chawla P, Kumar N, Bains A, Dhull SB, Kumar M, Kaushik R, Punia S. 
Gum arabic capped copper nanoparticles: Synthesis, 
characterization, and applications. International journal of 
biological macromolecules. 2020 Mar 1; 146:232-42. 
https://doi.org/10.1016/j.ijbiomac.2019.12.260 

6. Archana G, Sabina K, Babuskin S, Radhakrishnan K, Fayidh MA, Babu 
PA, Sivarajan M, Sukumar M. Preparation and characterization of 
mucilage polysaccharide for biomedical applications. 

https://doi.org/10.1016/j.foodchem.2019.126039
https://doi.org/10.1016/B978-0-12-816455-6.00021-4
https://doi.org/10.1016/j.indcrop.2015.06.027
https://doi.org/10.1098/rsif.2014.0817
https://doi.org/10.1016/j.ijbiomac.2019.12.260


Archana et al                                                                                                                          Journal of Drug Delivery & Therapeutics. 2022; 12(1-s):171-179 

ISSN: 2250-1177                                                                                             [177]                                                                                          CODEN (USA): JDDTAO 

Carbohydrate polymers. 2013 Oct 15; 98(1):89-94. 
https://doi.org/10.1016/j.carbpol.2013.04.062 

7. Ameri A, Heydarirad G, Mahdavi Jafari J, Ghobadi A, Rezaeizadeh H, 
Choopani R. Medicinal plants contain mucilage used in traditional 
Persian medicine (TPM). Pharmaceutical biology. 2015 Apr 3; 
53(4):615-23. https://doi.org/10.3109/13880209.2014.928330 

8. Fernandes SS, de las Mercedes Salas-Mellado M. Addition of chia 
seed mucilage for reduction of fat content in bread and cakes. 
Food chemistry. 2017 Jul 15; 227:237-44. 
https://doi.org/10.1016/j.foodchem.2017.01.075 

9. Beikzadeh S, Khezerlou A, Jafari SM, Pilevar Z, Mortazavian AM. Seed 
mucilages as the functional ingredients for biodegradable films 
and edible coatings in the food industry. Advances in colloid and 
interface science. 2020; 280:102164. 
https://doi.org/10.1016/j.cis.2020.102164 

10. Gebresamuel N, Gebre-Mariam T. Comparative physico-chemical 
characterization of the mucilages of two cactus pears (Opuntia 
spp.) obtained from Mekelle, Northern Ethiopia. 

11. Prajapati VD, Jani GK, Moradiya NG, Randeria NP. Pharmaceutical 
applications of various natural gums, mucilages and their 
modified forms. Carbohydrate polymers. 2013 Feb 15; 
92(2):1685-99. https://doi.org/10.1016/j.carbpol.2012.11.021 

12. Petera B, Delattre C, Pierre G, Wadouachi A, Elboutachfaiti R, Engel 
E, Poughon L, Michaud P, Fenoradosoa TA. Characterization of 
arabinogalactan-rich mucilage from Cereus triangularis cladodes. 
Carbohydrate Polymers. 2015 Aug 20; 127:372-80. 
https://doi.org/10.1016/j.carbpol.2015.04.001 

13. Alpizar-Reyes E, Carrillo-Navas H, Gallardo-Rivera R, Varela-
Guerrero V, Alvarez-Ramirez J, Pérez-Alonso C. Functional 
properties and physicochemical characteristics of tamarind 
(Tamarindus indica L.) seed mucilage powder as a novel 
hydrocolloid. Journal of Food Engineering. 2017 Sep 1; 209:68-75. 
https://doi.org/10.1016/j.jfoodeng.2017.04.021 

14. Hosseini MS, Hemmati K, Ghaemy M. Synthesis of nanohydrogels 
based on tragacanth gum biopolymer and investigation of 
swelling and drug delivery. International journal of biological 
macromolecules. 2016 Jan 1; 82:806-15. 
https://doi.org/10.1016/j.ijbiomac.2015.09.067 

15. Sharma G, Kumar A, Devi K, Sharma S, Naushad M, Ghfar AA, 
Ahamad T, Stadler FJ. Guar gum-crosslinked-Soya lecithin 
nanohydrogel sheets as effective adsorbent for the removal of 
thiophanate methyl fungicide. International journal of biological 
macromolecules. 2018 Jul 15; 114:295-305. 
https://doi.org/10.1016/j.ijbiomac.2018.03.093 

16. Oh JK, Lee DI, Park JM. Biopolymer-based microgels/nanogels for 
drug delivery applications. Progress in polymer science. 2009 Dec 
1; 34(12):1261-82. 
https://doi.org/10.1016/j.progpolymsci.2009.08.001 

17. Suner SS, Sahiner M, Sengel SB, Rees DJ, Reed WF, Sahiner N. 
Responsive biopolymer-based microgels/nanogels for drug 
delivery applications. InStimuli Responsive Polymeric 
Nanocarriers for Drug Delivery Applications, Volume 1 2018 Jan 1 
(pp. 453-500). Woodhead Publishing. 
https://doi.org/10.1016/B978-0-08-101997-9.00021-7 

18. Malviya R, Srivastava P, Kulkarni GT. Applications of mucilages in 
drug delivery-a review. Advances in Biological Research. 2011; 
5(1):1-7. 

19. Fahami A, Fathi M. Development of cress seed mucilage/PVA 
nanofibers as a novel carrier for vitamin A delivery. Food 
Hydrocolloids. 2018 Aug 1; 81:31-8. 
https://doi.org/10.1016/j.foodhyd.2018.02.008 

20. Mukherjee T, Lerma‐Reyes R, Thompson KA, Schrick K. Making 
glue from seeds and gums: Working with plant‐based polymers to 
introduce students to plant biochemistry. Biochemistry and 
Molecular Biology Education. 2019 Jul; 47(4):468-75. 
https://doi.org/10.1002/bmb.21252 

21. Viudes S, Burlat V, Dunand C. Seed mucilage evolution: Diverse 
molecular mechanisms generate versatile ecological functions for 

particular environments. Plant, Cell & Environment. 2020 Dec; 
43(12):2857-70. https://doi.org/10.1111/pce.13827 

22. Ferreira B, Montesinos D, Sales F. Mucilage in Portuguese 
Lamiaceae. Botany Letters. 2020 Oct 1; 167(4):430-8. 
https://doi.org/10.1080/23818107.2020.1790035 

23. Cuomo F, Iacovino S, Cinelli G, Messia MC, Marconi E, Lopez F. 
Effect of additives on chia mucilage suspensions: A rheological 
approach. Food Hydrocolloids. 2020 Dec 1; 109:106118. 
https://doi.org/10.1016/j.foodhyd.2020.106118 

24. Zhang K, Zhang Y, Ji Y, Walck JL, Tao J. Seed Biology of Lepidium 
apetalum (Brassicaceae), with particular reference to dormancy 
and mucilage development. Plants. 2020 Mar; 9(3):333. 
https://doi.org/10.3390/plants9030333 

25. Yang X, Baskin JM, Baskin CC, Huang Z. More than just a coating: 
ecological importance, taxonomic occurrence and phylogenetic 
relationships of seed coat mucilage. Perspectives in Plant Ecology, 
Evolution and Systematics. 2012 Dec 20; 14(6):434-42. 
https://doi.org/10.1016/j.ppees.2012.09.002 

26. Cai M, Wang N, Xing C, Wang F, Wu K, Du X. Immobilization of 
aluminum with mucilage secreted by root cap and root border 
cells is related to aluminum resistance in Glycine max L. 
Environmental Science and Pollution Research. 2013 Dec; 
20(12):8924-33. https://doi.org/10.1007/s11356-013-1815-6 

27. Hawes MC, Curlango-Rivera G, Xiong Z, Kessler JO. Roles of root 
border cells in plant defense and regulation of rhizosphere 
microbial populations by extracellular DNA 'trapping'. Plant and 
Soil. 2012 Jun; 355(1):1-6. https://doi.org/10.1007/s11104-012-
1218-3 

28. Rashid F, Ahmed Z, Hussain S, Huang JY, Ahmad A. Linum 
usitatissimum L. seeds: Flax gum extraction, physicochemical and 
functional characterization. Carbohydrate polymers. 2019 Jul 1; 
215:29-38. https://doi.org/10.1016/j.carbpol.2019.03.054 

29. Coorey R, Tjoe A, Jayasena V. Gelling properties of chia seed and 
flour. Journal of food science. 2014 May; 79(5):E859-66. 
https://doi.org/10.1111/1750-3841.12444 

30. Soukoulis C, Gaiani C, Hoffmann L. Plant seed mucilage as 
emerging biopolymer in food industry applications. Current 
Opinion in Food Science. 2018 Aug 1; 22:28-42. 
https://doi.org/10.1016/j.cofs.2018.01.004 

31. Chowdhury M, Sengupta A, Datta L, Chatterjee S. Role of mucilage 
as pharmaceutical additives and cytoprotective agent. Journal of 
Innovations in Pharmaceutical and Biological Sciences. 2017; 
4:46-52. 

32. Nazir S, Wani IA, Masoodi FA. Extraction optimization of mucilage 
from Basil (Ocimum basilicum L.) seeds using response surface 
methodology. Journal of Advanced Research. 2017 May 1; 
8(3):235-44. https://doi.org/10.1016/j.jare.2017.01.003 

33. Orifici SC, Capitani MI, Tomás MC, Nolasco SM. Optimization of 
mucilage extraction from chia seeds (Salvia hispanica L.) using 
response surface methodology. Journal of the Science of Food and 
Agriculture. 2018 Sep; 98(12):4495-500. 
https://doi.org/10.1002/jsfa.8974 

34. Estévez AM, Saenz C, Hurtado ML, Escobar B, Espinoza S, Suárez C. 
Extraction methods and some physical properties of mesquite 
(Prosopis chilensis (Mol) Stuntz) seed gum. Journal of the Science 
of Food and Agriculture. 2004 Sep; 84(12):1487-92. 
https://doi.org/10.1002/jsfa.1795 

    Castejon N,  una  ,  en ora ns FJ  Ultrasonic re oval of  ucilage for 
pressurized liquid extraction of omega-3 rich oil from chia seeds 
(Salvia hispanica L.). Journal of agricultural and food chemistry. 
2017 Mar 29; 65(12):2572-9. 
https://doi.org/10.1021/acs.jafc.6b05726 

36. Waghmare R, Moses JA, Anandharamakrishnan C. Mucilages: 
Sources, extraction methods, and characteristics for their use as 
encapsulation agents. Critical Reviews in Food Science and 
Nutrition. 2021 May 21:1-22. 
https://doi.org/10.1080/10408398.2021.1873730 

37. Lakshmanaraj L, Radhakrishnan C, Subramanian K. Single-step 
Method for the Extraction of Mucilage from Ocimum americanum 

https://doi.org/10.1016/j.carbpol.2013.04.062
https://doi.org/10.3109/13880209.2014.928330
https://doi.org/10.1016/j.foodchem.2017.01.075
https://doi.org/10.1016/j.cis.2020.102164
https://doi.org/10.1016/j.carbpol.2012.11.021
https://doi.org/10.1016/j.carbpol.2015.04.001
https://doi.org/10.1016/j.jfoodeng.2017.04.021
https://doi.org/10.1016/j.ijbiomac.2015.09.067
https://doi.org/10.1016/j.ijbiomac.2018.03.093
https://doi.org/10.1016/j.progpolymsci.2009.08.001
https://doi.org/10.1016/B978-0-08-101997-9.00021-7
https://doi.org/10.1016/j.foodhyd.2018.02.008
https://doi.org/10.1002/bmb.21252
https://doi.org/10.1111/pce.13827
https://doi.org/10.1080/23818107.2020.1790035
https://doi.org/10.1016/j.foodhyd.2020.106118
https://doi.org/10.3390/plants9030333
https://doi.org/10.1016/j.ppees.2012.09.002
https://doi.org/10.1007/s11356-013-1815-6
https://doi.org/10.1007/s11104-012-1218-3
https://doi.org/10.1007/s11104-012-1218-3
https://doi.org/10.1016/j.carbpol.2019.03.054
https://doi.org/10.1111/1750-3841.12444
https://doi.org/10.1016/j.cofs.2018.01.004
https://doi.org/10.1016/j.jare.2017.01.003
https://doi.org/10.1002/jsfa.8974
https://doi.org/10.1002/jsfa.1795
https://doi.org/10.1021/acs.jafc.6b05726
https://doi.org/10.1080/10408398.2021.1873730


Archana et al                                                                                                                          Journal of Drug Delivery & Therapeutics. 2022; 12(1-s):171-179 

ISSN: 2250-1177                                                                                             [178]                                                                                          CODEN (USA): JDDTAO 

L. Seeds. Indian Chemical Engineer. 2014 Oct 2; 56(4):355-62. 
https://doi.org/10.1080/00194506.2014.946102 

38. de Campo C, Dos Santos PP, Costa TM, Paese K, Guterres SS, de 
Oliveira Rios A, Flôres SH. Nanoencapsulation of chia seed oil with 
chia mucilage (Salvia hispanica L.) as wall material: 
Characterization and stability evaluation. Food chemistry. 2017 
Nov 1; 234:1-9. https://doi.org/10.1016/j.foodchem.2017.04.153 

39. Allafchian A, Mousavi ZS, Hosseini SS. Application of cress seed 
musilage magnetic nanocomposites for removal of methylene blue 
dye from water. International journal of biological 
macromolecules. 2019 Sep 1; 136:199-208. 
https://doi.org/10.1016/j.ijbiomac.2019.06.083 

40. Ghadermazi R, Asl AK, Tamjidi F. Optimization of whey protein 
isolate-quince seed mucilage complex coacervation. International 
journal of biological macromolecules. 2019 Jun 15; 131:368-77. 
https://doi.org/10.1016/j.ijbiomac.2019.03.026 

41. Dehghan SA, Mahoonak M, Ghorbani M, Kashaninejad M, 
Maghsoudlou Y. Optimization of ultrasound-assisted extraction of 
quince seed gum through response surface methodology. Journal 
of Agricultural Science and Technology 2017; 19:323-33. 

42. Zhao C, Li X, Miao J, Jing S, Li X, Huang L, Gao W. The effect of 
different extraction techniques on property and bioactivity of 
polysaccharides from Dioscorea hemsleyi. International journal of 
biological macromolecules. 2017 Sep 1; 102:847-56. 
https://doi.org/10.1016/j.ijbiomac.2017.04.031 

43. Akhtar MN, Mushtaq Z, Ahmad N, Khan MK, Ahmad MH, Hussain 
AI, Imran M. Optimal ultrasound-assisted process extraction, 
characterization, and functional product development from 
flaxseed meal derived polysaccharide gum. Processes. 2019 Apr; 
7(4):189. https://doi.org/10.3390/pr7040189 

44. Choudhary PD, Pawar HA. Recently investigated natural gums and 
mucilages as pharmaceutical excipients: an overview. Journal of 
pharmaceutics. 2014; 204849. 
https://doi.org/10.1155/2014/204849 

45. Loretta B, Oliviero M, Vittorio M, Bojórquez-Quintal E, Franca P, 
Silvia P, Fabio Z. Quality by design approach to optimize cladodes 
soluble fiber processing extraction in Opuntia ficus indica (L.) 
Miller. Journal of food science and technology. 2019 Aug; 
56(8):3627-34. https://doi.org/10.1007/s13197-019-03794-7 

46. Han YL, Gao J, Yin YY, Jin ZY, Xu XM, Chen HQ. Extraction 
optimization by response surface methodology of mucilage 
polysaccharide from the peel of Opuntia dillenii haw fruits and 
their physicochemical properties. Carbohydrate polymers. 2016 
Oct 20; 151:381-91. 
https://doi.org/10.1016/j.carbpol.2016.05.085 

47. Rostami H, Gharibzahedi SM. Microwave-assisted extraction of 
jujube polysaccharide: optimization, purification and functional 
characterization. Carbohydrate polymers. 2016 Jun 5; 143:100-7. 
https://doi.org/10.1016/j.carbpol.2016.01.075 

48. Loretta B, Oliviero M, Vittorio M, Bojórquez-Quintal E, Franca P, 
Silvia P, Fabio Z. Quality by design approach to optimize cladodes 
soluble fiber processing extraction in Opuntia ficus indica (L.) 
Miller. Journal of food science and technology. 2019 Aug; 
56(8):3627-34. https://doi.org/10.1007/s13197-019-03794-7 

49. Felkai-Haddache L, Dahmoune F, Remini H, Lefsih K, Mouni L, 
Madani K. Microwave optimization of mucilage extraction from 
Opuntia ficus indica Cladodes. International journal of biological 
macromolecules. 2016 Mar 1; 84:24-30. 
https://doi.org/10.1016/j.ijbiomac.2015.11.090 

50. Chiang CF, Lai LS. Effect of enzyme-assisted extraction on the 
physicochemical properties of mucilage from the fronds of 
Asplenium australasicum (J. Sm.) Hook. International journal of 
biological macromolecules. 2019 Mar 1; 124:346-53. 
https://doi.org/10.1016/j.ijbiomac.2018.11.181 

51. Ma F, Wang D, Zhang Y, Li M, Qing W, Tikkanen-Kaukanen C, Liu X, 
Bell AE. Characterisation of the mucilage polysaccharides from 
Dioscorea opposita Thunb. with enzymatic hydrolysis. Food 
chemistry. 2018 Apr 15; 245:13-21. 
https://doi.org/10.1016/j.foodchem.2017.10.080 

52. Zeng WW, Lai LS. Characterization of the mucilage extracted from 
the edible fronds of bird's nest fern (Asplenium australasicum) 
with enzymatic modifications. Food Hydrocolloids. 2016 Feb 1; 
53:84-92. https://doi.org/10.1016/j.foodhyd.2015.03.026 

53. Belwal T, Ezzat SM, Rastrelli L, Bhatt ID, Daglia M, Baldi A, Devkota 
HP, Orhan IE, Patra JK, Das G, Anandharamakrishnan C. A critical 
analysis of extraction techniques used for botanicals: Trends, 
priorities, industrial uses and optimization strategies. TrAC 
Trends in Analytical Chemistry. 2018 Mar 1; 100:82-102. 
https://doi.org/10.1016/j.trac.2017.12.018 

54. Razmkhah S, Razavi SM, Mohammadifar MA. Purification of cress 
seed (Lepidium sativum) gum: A comprehensive rheological 
study. Food Hydrocolloids. 2016 Dec 1; 61:358-68. 
https://doi.org/10.1016/j.foodhyd.2016.05.035 

55. Amid BT, Mirhosseini H. Influence of different purification and 
drying methods on rheological properties and viscoelastic 
behaviour of durian seed gum. Carbohydrate polymers. 2012 Sep 
1; 90(1):452-61. https://doi.org/10.1016/j.carbpol.2012.05.065 

56. Razavi SM, Cui SW, Ding H. Structural and physicochemical 
characteristics of a novel water-soluble gum from Lallemantia 
royleana seed. International journal of biological macromolecules. 
2016 Feb 1; 83:142-51. 
https://doi.org/10.1016/j.ijbiomac.2015.11.076 

57. Deore UV, Mahajan HS. Isolation and characterization of natural 
polysaccharide from Cassia Obtustifolia seed mucilage as film 
forming material for drug delivery. International journal of 
biological macromolecules. 2018 Aug 1; 115:1071-8. 
https://doi.org/10.1016/j.ijbiomac.2018.04.174 

58. Dehghani S, Noshad M, Rastegarzadeh S, Hojjati M, Fazlara A. 
Electrospun chia seed mucilage/PVA encapsulated with green 
cardamonmum essential oils: Antioxidant and antibacterial 
property. International Journal of Biological Macromolecules. 
2020 Oct 15; 161:1-9. 
https://doi.org/10.1016/j.ijbiomac.2020.06.023 

59. Devi R, Bhatia M. Thiol functionalization of flaxseed mucilage: 
preparation, characterization and evaluation as mucoadhesive 
polymer. International journal of biological macromolecules. 2019 
Apr 1; 126:101-6. 
https://doi.org/10.1016/j.ijbiomac.2018.12.116 

60. Thessrimuang N, Prachayawarakorn J. Development, modification 
and characterization of new biodegradable film from basil seed 
(Ocimum basilicum L.) mucilage. Journal of the Science of Food 
and Agriculture. 2019 Sep; 99(12):5508-15. 
https://doi.org/10.1002/jsfa.9812 

61. Fahami A, Fathi M. Development of cress seed mucilage/PVA 
nanofibers as a novel carrier for vitamin A delivery. Food 
Hydrocolloids. 2018 Aug 1; 81:31-8. 
https://doi.org/10.1016/j.foodhyd.2018.02.008 

62. Kurd F, Fathi M, Shekarchizadeh H. Basil seed mucilage as a new 
source for electrospinning: Production and physicochemical 
characterization. International journal of biological 
macromolecules. 2017 Feb 1; 95:689-95. 
https://doi.org/10.1016/j.ijbiomac.2016.11.116 

63. Naji-Tabasi S, Razavi SM, Mohebbi M, Malaekeh-Nikouei B. New 
studies on basil (Ocimum bacilicum L.) seed gum: Part I-
Fractionation, physicochemical and surface activity 
characterization. Food Hydrocolloids. 2016 Jan 1; 52:350-8. 
https://doi.org/10.1016/j.foodhyd.2015.07.011 

64. Pratik P, Shadique A. Antimicrobial examination of mucilage 
obtained from fruits of tilkor [Mamoradica monadelpha]: A 
potential medicinal plant. J. Biol. Chem. Chron. 2020; 6:5-9. 
https://doi.org/10.33980/jbcc.2020.v06i01.002 

65. Punia S, Dhull SB. Chia seed (Salvia hispanica L.) mucilage (a 
heteropolysaccharide): Functional, thermal, rheological behaviour 
and its utilization. International journal of biological 
macromolecules. 2019 Nov 1; 140:1084-90. 
https://doi.org/10.1016/j.ijbiomac.2019.08.205 

66. Capitani MI, Ixtaina VY, Nolasco SM, Tomas MC. Microstructure, 
chemical composition and mucilage exudation of chia (Salvia 
hispanica L.) nutlets from Argentina. Journal of the Science of 

https://doi.org/10.1080/00194506.2014.946102
https://doi.org/10.1016/j.foodchem.2017.04.153
https://doi.org/10.1016/j.ijbiomac.2019.06.083
https://doi.org/10.1016/j.ijbiomac.2019.03.026
https://doi.org/10.1016/j.ijbiomac.2017.04.031
https://doi.org/10.3390/pr7040189
https://doi.org/10.1155/2014/204849
https://doi.org/10.1007/s13197-019-03794-7
https://doi.org/10.1016/j.carbpol.2016.05.085
https://doi.org/10.1016/j.carbpol.2016.01.075
https://doi.org/10.1007/s13197-019-03794-7
https://doi.org/10.1016/j.ijbiomac.2015.11.090
https://doi.org/10.1016/j.ijbiomac.2018.11.181
https://doi.org/10.1016/j.foodchem.2017.10.080
https://doi.org/10.1016/j.foodhyd.2015.03.026
https://doi.org/10.1016/j.trac.2017.12.018
https://doi.org/10.1016/j.foodhyd.2016.05.035
https://doi.org/10.1016/j.carbpol.2012.05.065
https://doi.org/10.1016/j.ijbiomac.2015.11.076
https://doi.org/10.1016/j.ijbiomac.2018.04.174
https://doi.org/10.1016/j.ijbiomac.2020.06.023
https://doi.org/10.1016/j.ijbiomac.2018.12.116
https://doi.org/10.1002/jsfa.9812
https://doi.org/10.1016/j.foodhyd.2018.02.008
https://doi.org/10.1016/j.ijbiomac.2016.11.116
https://doi.org/10.1016/j.foodhyd.2015.07.011
https://doi.org/10.33980/jbcc.2020.v06i01.002
https://doi.org/10.1016/j.ijbiomac.2019.08.205


Archana et al                                                                                                                          Journal of Drug Delivery & Therapeutics. 2022; 12(1-s):171-179 

ISSN: 2250-1177                                                                                             [179]                                                                                          CODEN (USA): JDDTAO 

Food and Agriculture. 2013 Dec; 93(15):3856-62. 
https://doi.org/10.1002/jsfa.6327 

67. Abbastabar B, Azizi MH, Adnani A, Abbasi S. Determining and 
modeling rheological characteristics of quince seed gum. Food 
Hydrocolloids. 2015 Jan 1; 43:259-64. 
https://doi.org/10.1016/j.foodhyd.2014.05.026 

68. Keshani-Dokht S, Emam-Djomeh Z, Yarmand MS, Fathi M. 
Extraction, chemical composition, rheological behavior, 
antioxidant activity and functional properties of Cordia myxa 
mucilage. International journal of biological macromolecules. 
2018 Oct 15; 118:485-93. 
https://doi.org/10.1016/j.ijbiomac.2018.06.069 

69. Hadad S, Goli SA. Fabrication and characterization of electrospun 
nanofibers using flaxseed (Linum usitatissimum) mucilage. 
International journal of biological macromolecules. 2018 Jul 15; 
114:408-14. https://doi.org/10.1016/j.ijbiomac.2018.03.154 

70. Singh S, Bothara SB. Manilkara zapota (Linn.) seeds: A potential 
source of natural gum. International Scholarly Research Notices. 
2014; 647174. https://doi.org/10.1155/2014/647174 

71. de Alvarenga Pinto Cotrim M, Mottin AC, Ayres E. Preparation and 
characterization of okra mucilage (Abelmoschus esculentus) 
edible films. In Macromolecular Symposia 2016 Sep (Vol. 367, No. 
1, pp. 90-100). https://doi.org/10.1002/masy.201600019 

72. Pawar HA, Lalitha KG. Isolation, purification and characterization 
of galactomannans as an excipient from Senna tora seeds. 
International Journal of Biological Macromolecules. 2014 Apr 1; 
65:167-75. https://doi.org/10.1016/j.ijbiomac.2014.01.026 

73. Sindhu G, Ratheesh M, Shyni GL, Nambisan B, Helen A. Anti-
inflammatory and antioxidative effects of mucilage of Trigonella 
foenum graecum (Fenugreek) on adjuvant induced arthritic rats. 
International immunopharmacology. 2012 Jan 1; 12(1):205-11. 
https://doi.org/10.1016/j.intimp.2011.11.012 

74. Ahmed EM. Hydrogel: Preparation, characterization, and 
applications: A review. Journal of advanced research. 2015 Mar 1; 
6(2):105-21. https://doi.org/10.1016/j.jare.2013.07.006 

75. Sharma G, Naushad M, Kumar A, Rana S, Sharma S, Bhatnagar A, 
Stadler FJ, Ghfar AA, Khan MR. Efficient removal of coomassie 
brilliant blue R-250 dye using starch/poly (alginic acid-cl-
acrylamide) nanohydrogel. Process Safety and Environmental 
Protection. 2017 Jul 1; 109:301-10. 
https://doi.org/10.1016/j.psep.2017.04.011 

76. Lodhi BA, Hussain MA, Sher M, Haseeb MT, Ashraf MU, Hussain SZ, 
Hussain I, Bukhari SN. Polysaccharide-based superporous, 
superabsorbent, and stimuli responsive hydrogel from sweet 
basil: A novel material for sustained drug release. Advances in 
Polymer Technology. 2019; 9583516. 
https://doi.org/10.1155/2019/9583516 

77. Setia A, Ahuja P. Nanohydrogels. In Organic Materials as Smart 
Nanocarriers for Drug Delivery; Elsevier: Amsterdam, The 
Netherlands, 2018; pp. 293-368. https://doi.org/10.1016/B978-
0-12-813663-8.00008-7 

78. Okutan N, Terzi P, Altay F. Affecting parameters on electrospinning 
process and characterization of electrospun gelatin nanofibers. 
Food Hydrocolloids. 2014 Aug 1; 39:19-26. 
https://doi.org/10.1016/j.foodhyd.2013.12.022 

79. Fathi M, Martín A, McClements DJ. Nanoencapsulation of food 
ingredients using carbohydrate based delivery systems. Trends in 
food science & technology. 2014 Sep 1; 39(1):18-39. 
https://doi.org/10.1016/j.tifs.2014.06.007 

80. Prusty K, Swain SK. Release of ciprofloxacin drugs by nano gold 
embedded cellulose grafted polyacrylamide hybrid 
nanocomposite hydrogels. International journal of biological 
macromolecules. 2019 Apr 1; 126:765-75. 
https://doi.org/10.1016/j.ijbiomac.2018.12.258 

81. Mohammadinejad R, Kumar A, Ranjbar-Mohammadi M, 
Ashrafizadeh M, Han SS, Khang G, Roveimiab Z. Recent advances 
in natural gum-based biomaterials for tissue engineering and 
regenerative medicine: a review. Polymers. 2020 Jan; 12(1):176. 
https://doi.org/10.3390/polym12010176 

82. Thakur VK, Thakur MK. Recent trends in hydrogels based on 
psyllium polysaccharide: a review. Journal of Cleaner Production. 
2014 Nov 1; 82:1-5. 
https://doi.org/10.1016/j.jclepro.2014.06.066 

83. Rayegan A, Allafchian A, Sarsari IA, Kameli P. Synthesis and 
characterization of basil seed mucilage coated Fe3O4 magnetic 
nanoparticles as a drug carrier for the controlled delivery of 
cephalexin. International journal of biological macromolecules. 
2018 Jul 1; 113:317-28. 
https://doi.org/10.1016/j.ijbiomac.2018.02.134 

84. Mohammadi H, Kamkar A, Misaghi A. Nanocomposite films based 
on CMC, okra mucilage and ZnO nanoparticles: Physico 
mechanical and antibacterial properties. Carbohydrate polymers. 
2018 Feb 1; 181:351-7. 
https://doi.org/10.1016/j.carbpol.2017.10.045 

85. Prasad AR, Garvasis J, Oruvil SK, Joseph A. Bio-inspired green 
synthesis of zinc oxide nanoparticles using Abelmoschus 
esculentus mucilage and selective degradation of cationic dye 
pollutants. Journal of Physics and Chemistry of Solids. 2019 Apr 1; 
127:265-74. https://doi.org/10.1016/j.jpcs.2019.01.003 

86. Mahmoodi M, Javanbakht V. Fabrication of Zn-based magnetic 
zeolitic imidazolate framework bionanocomposite using basil 
seed mucilage for removal of azo cationic and anionic dyes from 
aqueous solution. International Journal of Biological 
Macromolecules. 2021 Jan 15; 167:1076-90. 
https://doi.org/10.1016/j.ijbiomac.2020.11.062 

87. Pathak D, Kumar P, Kuppusamy G, Gupta A, Kamble B, Wadhwani 
A. Physicochemical characterization and toxicological evaluation 
of plant-based anionic polymers and their nanoparticulated 
system for ocular delivery. Nanotoxicology. 2014 Dec 1; 8(8):843-
55. https://doi.org/10.3109/17435390.2013.834996 

88. Akbari I, Ghoreishi SM, Habibi N. Generation and precipitation of 
paclitaxel nanoparticles in basil seed mucilage via combination of 
supercritical gas antisolvent and phase inversion techniques. The 
Journal of Supercritical Fluids. 2014 Oct 1; 94:182-8. 
https://doi.org/10.1016/j.supflu.2014.07.007 

89. Haseeb MT, Khaliq NU, Yuk SH, Hussain MA, Bashir S. Linseed 
polysaccharides based nanoparticles for controlled delivery of 
docetaxel: design, in vitro drug release and cellular uptake. 
Journal of Drug Delivery Science and Technology. 2019 Feb 1; 
49:143-51. https://doi.org/10.1016/j.jddst.2018.11.009

 

 

https://doi.org/10.1002/jsfa.6327
https://doi.org/10.1016/j.foodhyd.2014.05.026
https://doi.org/10.1016/j.ijbiomac.2018.06.069
https://doi.org/10.1016/j.ijbiomac.2018.03.154
https://doi.org/10.1155/2014/647174
https://doi.org/10.1002/masy.201600019
https://doi.org/10.1016/j.ijbiomac.2014.01.026
https://doi.org/10.1016/j.intimp.2011.11.012
https://doi.org/10.1016/j.jare.2013.07.006
https://doi.org/10.1016/j.psep.2017.04.011
https://doi.org/10.1155/2019/9583516
https://doi.org/10.1016/B978-0-12-813663-8.00008-7
https://doi.org/10.1016/B978-0-12-813663-8.00008-7
https://doi.org/10.1016/j.foodhyd.2013.12.022
https://doi.org/10.1016/j.tifs.2014.06.007
https://doi.org/10.1016/j.ijbiomac.2018.12.258
https://doi.org/10.3390/polym12010176
https://doi.org/10.1016/j.jclepro.2014.06.066
https://doi.org/10.1016/j.ijbiomac.2018.02.134
https://doi.org/10.1016/j.carbpol.2017.10.045
https://doi.org/10.1016/j.jpcs.2019.01.003
https://doi.org/10.1016/j.ijbiomac.2020.11.062
https://doi.org/10.3109/17435390.2013.834996
https://doi.org/10.1016/j.supflu.2014.07.007
https://doi.org/10.1016/j.jddst.2018.11.009

