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Abstract 

The alginate, a naturally occurring polymer, is mainly obtained from brown algae such as Laminaria, 
Macrocystis and Aspirin. This review shall examine the sources, processes and uses of alginate, with a 
focus on modern, high-tech extraction techniques. Although conventional alkaline extraction is still 
widely used, newer techniques such as supercritical CO2 extraction, microwave assisted extraction 
(MAE) and ex-traction by ultrasound are viable alternatives because of their higher efficiency, low 
environmental impact and scalability. Alginate is useful for applications in the food industry such as 
texture modification, food coating and encapsulation of bio-active substances because of its functions 
such as glazing, film-forming and stabilization. Vigorifyingly, vitamins, polyphenols, probiotics and 
essential oils can be encapsulated for increased stability, bioavailability and controlled dispersion. 
Alginate is also considered an environmentally friendly substitute for food packaging because of its 
potential as a sustainable and biodegradable material. The review focuses on recent studies on the 
bio-activities of alginate and its potential for use in the formulation of pharmaceuticals and functional 
foods. Despite these developments, more studies are needed to optimise the extraction of alginate, to 
improve knowledge of its biological activity and to explore new applications in food and other areas. 
This in-depth review highlights the growing importance of alginate in the food industry and its 
potential for future innovation in sustainable food technologies. 

Keywords: alginate; food polymer; biodegradable; food industry; polysaccharides 
 

1. Introduction 

The micro-structure of a food is the complex organization and interaction of the components of 
a foodstuff, which results in visible and separate subdivisions of the different components at the 
microscopic level. In addition, the morphology of a food may include, in addition to the chemical and 
structural arrangement of its components, the relationships between each molecule within a 
microstructural network [1]. Food is intended to provide pleasure by offering appetizing tastes, 
attractive smells and pleasurable textures, as well as vital nutrients and energy. In addition, 
consumers are looking for products with additional features such as longer shelf life, increased 
nutritional value and clear packaging. The development and production of nutritious food with 
adapted characteristics to meet specific consumer needs is a new paradigm in food science. Scientists 
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and food producers use a variety of strategies to accomplish this objective, putting a primary 
emphasis on understanding and managing food structures, especially at the level of the microscopic. 
Three fundamental components of food micro-structure research are visualization, identification, and 
quantification; every one requires unique instruments and methods to provide significant 
understanding into the complicated structure of food components [2]. 

According to Suresh and Samsher [3] and others, functional attributes are the fundamental 
physico-chemical characteristics of foods that represent the intricate relationships among the 
compositions, physicochemical characteristics, and molecular configuration of food elements and the 
environment and circumstances whereby these are determined and correlated. In addition to 
demonstrating the potential that they can be effectively utilized to promote or substitute traditional 
protein, lipids, sugars (starch and sugars), and fiber, their functional properties are necessary to 
potentially aid in the prediction and accurate assessment regarding how novel lipids, carbohydrates, 
and proteins (starch and sugars) can function in particular food chains [4]. Moreover, functional 
characteristics clarify how various components behave throughout heating and processing and 
additionally how their properties impact the final food items’ appearance, texture, and flavor. 
Swelling capacity, water uptake capacity, absorption of oil capacity, emulsion operation, consistency 
of emulsion, foam capacity, consistency of foam, gelatinization, bulk density, dextrinization, 
preservation, denaturation, coagulation, gluten formation, jelly, shortening, plasticity, flakiness, 
moisture retention, aeration, and sensory attributes are a few examples of functional properties. A 
food’s structure, quality, texture, nutritional value, acceptability, and (or) appearance all define its 
functional properties. A food’s organoleptic, physical, and/or chemical characteristics frequently 
dictate its functional characteristics [5]. 

Alginate is a naturally occurring poly-anionic polymer that is biodegradable, non-toxic, and 
non-immunogenic. Alginates have many uses, such as wrapping fresh and cut vegetables and fruits, 
protecting food, thickening, gelling, emulsifying, and stabilizing food items like ice cream, sauces, 
and fruit pies, and delivering drugs for anti-reflux preparations. Alginate possesses anti-
inflammatory and anti-oxidant qualities. It dissolves progressively in the intestinal tract under 
alkalinity circumstances and remains stable in the stomach’s acidic gastric solution. Alginate is used 
in tumor therapy as part of the logical medication design for chemotherapy. Alginates are very 
helpful in restructuring foodstuffs that could oxidize or be destroyed by excessive heat because they 
form gels at low temperatures (e.g., meat products, fruits and vegetables) [6]. Adequate sodium 
alginate (ALG) treatment encourages the structural change of succinylated glutenins and improves 
the complexes’ functional characteristics, such as improved water and oil holding capacity, thermal 
stability, emulsification, and foam stability [7]. Alginate is frequently utilized in the beverage and 
food companies due to its thickening, gelling, and film-forming qualities, making it a crucial 
component. Alginate still needs to contend with various food hydrocolloids of comparable 
importance in this extremely competitive marketplace, such as marine hydrocolloids like agar and 
carrageenan, derivatives of cellulose like methyl cellulose and carboxymethyl cellulose (CMC), and 
plant gums like guar and locust bean [8]. This review offers a summary that is primarily concerned 
with the usage of alginates in foodstuff. It was attempted to understand and address the latest studies 
that have recently been done on the application of alginate in the food company. Additionaly, 
understanding of alginate’s uses has advanced significantly, optimizing its use in food systems 
remains difficult due to the intricate interactions between its molecular structure, interactions within 
various food matrices, and processing conditions. In order to fully realize alginate’s potential in food 
technology, this review will critically analyze the current understanding of how alginate affects food 
microstructure and functional qualities, highlighting recent developments in alginate extraction and 
application in food industry and pointing out areas that require more study. 

2. Materials and Methods 

Finding relevant papers required a careful search of electronic databases, such as PubMed, 
Scopus, Web of Science, and Google Scholar. Among the search terms used were “food polymer,” 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202504.2246.v2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202504.2246.v2
http://creativecommons.org/licenses/by/4.0/


 3 of 22 

 

“polysaccharides,” “alginate,” “health benefits,” “extraction method of alginate,” and “potential use 
of alginate in food industry.” Articles, reviews, and meta-analyses concentrating on the physiological 
effects as functional food, conventional method of extraction, and non-conventional method of 
extraction of alginate were the focus of this search approach. The only papers taken into consideration 
were those published in peer-reviewed publications and written in English. The publishing date was 
not restricted in order to cover a broad spectrum of research findings but more focused on recent 
publications (2010–2024) and experimental works published in the last 5 years,. More than 142 articles 
were found; however, we selected only 63 that contained all the information for the present study. In 
order to find pertinent information, a two-stage screening procedure was used. First, publications 
were found by searching for them using tools like Google Scholar, PudMed, and Science Direct, then 
their titles and abstracts were examined. Full-text analysis was then carried out in the second stage 
to make sure they satisfied all selection requirements. An overview of the physiological effects as 
functional food, possible use in food industry, and techniques of extraction of alginate both 
conventional and novel from seaweed extracts was provided by the synthesis of this data. Tables, 
graphics, and narrative synthesis were used where appropriate to summarize quantitative data. In 
order to guide future research and clinical applications, as well as to offer insights into the existing 
understanding of alginates, the synthesis findings are presented. 

3. Sources and Structure of Alginate 

Alginates are extensively utilized in many different sectors. They help preserve moisture, which 
enhances the texture of baked goods, guarantee a smooth texture and even dewatering of frozen 
foods, and offer dairy products and canned food consistency and a suitable appearance. Stabilizing 
beer foam is one of their more common uses. In order to improve the quality of functional food among 
commercial items, the food industry is currently using creative methods and efficient food additives 
due to the general worries about nutrition and wellness. To improve physicochemical qualities like 
flavor, taste, and texture, a variety of bioactive compounds have been developed. To suit the 
requirements of people around the world, the food sector employs a lot of ingredients nowadays. 
Alginate, one of the polysaccharides, has several uses in the food industry and in medicine, including 
medication administration [9]. 

Alkaline extraction conditions purify the cell walls of brown algae found in marine 
environments, which are then used to generate alginate. Alginates consist of α-L-guluronic acid (G) 
that is 1→4-linked and β-D-mannuronic acid (M) pyranose that is still in a straight chain. The G blocks 
of this molecule are crucial because they allow the calcium and hydrogen ions to form gels at low 
temperatures by generating a distinctive “egg-box” shape. Additionally, the MG blocks aids in 
lowering the viscosity of the solution [10]. It is organized with different ratios of GG, MG, and MM 
blocks in an uneven block-wise arrangement. The length of each block and the M/G ratio has a 
significant impact on the physicochemical characteristics of alginate. Whereas the GG blocks have α-
1,4-glycosidic bonds, which introduce space steric barrier around the carboxyl, the MM blocks form 
a β-1,4-glycosidic link, giving the M block section a linear flexible structure. Because of this, the G-
block segment offers a rigid and folded structural shape, which gives the molecular chain its notable 
rigidity (Figure 1). Water-soluble alkali metal salts are generally referred to as alginate [11]. A 
significant component of the cell walls of brown algae, primarily sargassum and kelp, is alginate. It 
consumes over 40% of the algae’s dry weight. Due of its limited solubility in water and high solubility 
in alkaline solutions, alginate is primarily removed. Alginate is dissolved from the algal cell wall 
using a sodium carbonate solution, and it is subsequently precipitated out by adjusting the pH with 
acid. Laminaria hyperborean, Macrocystis pyrifera, Laminaria digitata, Ascophyllum nodosum, Sargassum 
spp., Laminaria japonica, Ecklonia maxima, and Lessonia nigrescens are the primary algae species utilized 
for alginate extraction [12]. 
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Figure 1. Structure of alginate [13]. 

It has been demonstrated that the bacterial genera Pseudomonas and Azotobacter secrete alginate. 
The opportunistic human pathogen Pseudomonas aeruginosa and the soil-dwelling Azotobacter 
vinelandii have been the subjects of the majority of studies on the molecular mechanisms underlying 
bacterial alginate production. In nature, these two genera secrete alginate for distinct reasons with 
distinct material qualities, but using very similar molecular pathways to create it: While Azotobacter 
produces a stiffer alginate (usually with higher concentrations of G residues) that stays closely 
associated with the cell and enables the formation of desiccation-resistant cysts, some P. aeruginosa 
strains (also known as mucoid strains) can secrete copious amounts of alginate to aid in the formation 
of thick, highly structured biofilms [14]. 

Zahira B. et al. [15] found that the alginate yields of eight brown algal species collected from the 
Northwestern Atlantic coast of Morocco ranged from 2.7% to 27.5% dw in their study “Isolation and 
FTIR-ATR and H NMR Characterization of Alginates from the Main Alginophyte Species of the 
Atlantic Coast of Morocco”. Laminaria ochroleuca had the largest percentage of alginates, while 
Bifurcaria bifurcata had the lowest alginate concentration. The yield of alginates in S. muticum, C. 
tamariscifolia, C. humilis, and F. vesiculosus was more than 18% dw. Some well-known alginophytes 
from around the world have been reported to have contents similar to these [15]. 

Authors should discuss the results and how they can be interpreted from the perspective of 
previous studies and of the working hypotheses. The findings and their implications should be 
discussed in the broadest context possible. Future research directions may also be highlighted. 

4. Alginate Production Process: A Conventional Approach 

Alginate is extracted from seaweed using a multi-step procedure. In short, the first steps involve 
washing, drying, and grinding raw seaweed into a fine powder. After soaking the seaweed biomass 
in water to regain its moisture it, several chemicals are then introduced to the seaweed to eliminate 
undesirable components. After breaking down the algae cell wall with an acid or alkali pre-treatment, 
sodium carbonate is extracted to remove water-soluble alginate from the seaweed biomass structure. 
Alginate can be recovered from the solution using one of three precipitation routes: sodium alginate, 
calcium alginate, or alginic acid. Sodium alginate is often the final product that is isolated (Figure 2) 
[16]. 

In their study on the extraction of alginate from brown seaweed, Danya G. et al. [17] discovered 
that the alginate content of the various species was greater than 16% dw in the investigated area. 
Species, exhibiting an intriguing dietary fiber content as a nutraceutical food source, with the 
exception of H. cuneiformis, which had the lowest average (13.3%). The extracted alginates of the 
chosen species and the reported commercial alginates from around the world were identical, 
according to physicochemical studies and spectroscopic methods (FTIR and NMR study). It is 
possible to draw the conclusion that the alginates that were extracted from Turbinaria triquetra, 
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Sargassum aquifolium, Dictyota dichotoma, Padina boergesenii, and Hormophysa cuneiforms could be used 
as alginophyte industrial exploitation to produce mannuronic acid-enriched alginate, which is 
suggested to be used in food products and to create elastic gels. Furthermore, when compared to the 
international alginate regulation, the alginate extracted from the five chosen seaweeds also showed 
food-grade quality. Because of the variations in viscosity among the seaweeds examined, the food 
industry can take advantage of this recognition to use in a variety of processed products. To ascertain 
the alginate’s high molecular weight, the molecular weight must be evaluated prior to exploitation. 
Furthermore, the safe utilization of these seaweeds depends on the storage duration and potential 
variations in the alginate yield or characterization [17]. 

Additionally, the work on the evaluation and characterization of alginate extracted from brown 
seaweed by Rashedy, S. et al. [18] displays the sodium alginate yield of the five species under study, 
which were collected in the Red Sea. There were notable differences in the alginate content between the 
species. The alginate yield varied by 8.9% between the species, with T. triquetra recording the greatest 
average (22.2 ± 0.56% dw) and H. cuneiformis recording the lowest average (13.3 ± 0.52% dw) [18]. 

Anak A. et al.’s [19] study, “Extraction and characterization of sodium alginate from three brown 
algae collected from Sanur Coastal Waters, Bali as biopolymer agent,” revealed that the yield 
percentages produced by S. aquifolium (21.74 ± 2.135%) and T. ornata (20.16 ± 3.644%) were higher 
than those produced by P. australis (5.89 ± 1.537%). Comparing S. aquifolium and T. ornata to P. 
australis, the results of Duncan’s test showed a significant difference (p < 0.05) in the yield. The yield 
that the two brown algae produced was surprisingly higher than that of the conventional alginate. 
Their findings differ from those of Reski et al. [20] who reported low yields by calcium extraction 
(11.70 ± 0.41%) and acid extraction (9.95 ± 0.31%). However, according to Latifi et al. [21], alginate 
extraction using the calcium approach yielded high yields between 25.02 and 30.01%. The yield 
results may be affected by the comparison group and extraction temperature [22]. 

 

Figure 2. Schematic diagram of conventional alginate extraction processes [24]. 
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5. Alginate Production Process: Novel Technology Approach 

5.1. Microwave Assisted Extraction (MAE) 

The use of microwaves to extract components from plant material has attracted a lot of attention 
and shown great promise in recent years. The extraction phase limits the efficient extraction of several 
important components from plant material, and conventional methods for the extraction of active 
ingredients are time and solvent intensive. Among the appealing aspects of this novel, promising 
microwave aided extraction approach are its high and quick extraction performance ability with 
reduced solvent consumption and the protection it provides for thermally unstable elements [23]. 
Plant material has been successfully isolated using MAE. To their knowledge, only one prior study 
from their research group focuses on the extraction of alginates from the brown seaweed species 
Saccorhiza polyschides. Despite being a significant extraction technique, only a small number of studies 
have documented the use of microwave technology for the extraction of polysaccharides (such as 
agar and fucoidans) from seaweeds [24]. 

The study “Microwave-assisted extraction of sodium alginate from brown macro-algae 
Nizimuddinia zanardini, optimization and physicochemical properties” by Torabi, P. et al. [25] 
reported that the sodium alginate extraction yeild (EY) ranged from 24.21% to 33.33% based on dry 
matter (Figure 3). The maximum yield was recorded at 75 °C, 400 W, 30 min, and 20 mL/g S/A ratio. 
Furthermore, at 45 °C, 400 W, 10 min, and a S/A ratio of 20 mL/g, the lowest yield was achieved. This 
research presents the first extraction of sodium alginate from N. zanardini using a microwave. 
Temperature, time, microwave power, and S/A ratio were the four independent factors whose 
impacts on sodium alginate’s EY and Uronic acid were investigated. The findings showed that the 
EY and UA of sodium alginate were significantly impacted by the process factors and the use of 
microwaves during extraction [25]. 

 

Figure 3. Microwave-assisted extraction of Alginate [22]. 

Nesic, A. et al. [26] reported that the final product of untreated alginate produced by employing 
traditional techniques (demineralization and alkaline treatment) is 32% in their work on “Microwave 
Assisted Extraction of Raw Alginate as a Sustainable and Cost-Effective Method to Treat Beach-
Accumulated Sargassum Algae.” As it is known that repeating the demineralization and 
alkalinization procedures to drive the extraction up to high yields, depending on extraction duration 
and temperature, might result in a high yield of alginates, this outcome is expected. This approach, 
however, necessitates a significant number of solvents, high energy usage, and lengthy extraction 
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duration. In reality, because of the anticipated eventual uses in the food, pharmaceutical, and 
biomedical industries, this process produces a very clean polymer. 

As was already noted, alternative, environmentally friendly, and economically viable extraction 
methods can be used for agricultural purposes. According to preliminary findings, untreated algae 
could not have their alginate removed in water. The breakdown of algal cell walls and the simpler 
release of alginate in water, on the other hand, were made possible by microwave pre-treatment. The 
extraction yield is less than 5%, though. Additionally, Rostami et al. achieved the lowest alginate 
yield (3.8%) for the water treatment [27]. Using the alkaline extraction method increased the amount 
of extracted alginate from pre-treated algae by 20–24%, while using the acid + alkaline method raised 
it by 32–36% [26]. A simplified schematic representation of traditional alginate manufacturing 
processes is displayed in Figure 3. 

Mário S. et al. [28] state in their study “Microwave-Assisted Alginate Extraction from Portuguese 
Saccorhiza polyschides -Influence of Acid Pre-treatment” that MAE of alginate was then performed 
on all harvested samples after they were subjected to the conventional acid pre-treatment previously 
described and under ideal conditions. In order to determine whether Saccorhiza polyschides showed 
notable yield changes in alginate that might have resulted from its natural life cycle, this comparison 
sought to gather data between the two processes carried out with a brief time delay. In all seaweed 
samples studied, an increase in the yield of alginate extraction from Saccorhiza polyschides under ideal 
acid pre-treatment conditions was noted. Increases compared to values obtained with traditional acid 
pre-treatment ranged from 100% in the August harvest to 143% in the July harvest. The results 
unambiguously demonstrate that acid pre-treatment has a significant impact on alginates’ MAE [28]. 

5.2. Ultrasound Assisted Extraction (UAE) of Alginate 

Ultrasound-assisted extraction is regarded as a unique extraction method that requires less 
solvent, is easy to handle, environmentally benign, and has a quick extraction rate [29]. Sargassum 
binderi and Turbinaria ornate alginate extraction was studied by Youssouf et al. [30] at different pH 
values, solid loading ratios, and extraction times, along with the inclusion of ultrasound therapy [30]. 
Alginate extraction yielded 54.06% under ideal conditions (pH 12 using Na2CO3, 1:100 loading ratio, 
40 min with ultrasound at 25 kHz, 150 W). However, the experimental results demonstrated that, as 
previously mentioned, the extraction process is highly sensitive to pH. The ultrasound creates 
physical forces like shear, acoustic streaming, and microjets, which cause the cell wall to disperse, the 
particle size to decrease, and the solvent and target molecules to make good contact [31]. 

Ummat, V. et al. [32] found that the crude alginate yield varied from 0.020% (30% US amplitude 
and 10 min sonication time) to 6.19% (55% US amplitude and 20 min sonication time) in their work 
on “Ultrasound-Assisted Extraction of Alginate from Fucus vesiculosus Seaweed By-Product Post-
Fucoidan Extraction.” When the alginate content of the crude alginate samples was measured, a 
sample treated with 55% US amplitude for 6 min of sonication produced a maximum value of 78.22%, 
while a sample treated with 30% US amplitude for 30 min produced a minimum value of 39.76%. The 
most optimal extraction parameters for getting crude alginate with the highest alginate content (%) 
were determined to be a US amplitude of 68.86% and a sonication period of 30 min. Alginate content 
(%) was significantly impacted by the independent variable (% ultrasonic amplitude), however crude 
alginate yield was not significantly impacted [32]. 

According to the study “Ultrasound-assisted extraction of alginate from Ecklonia maxima with 
and without the addition of alkaline cellulase factorial and kinetic analysis” by Van Sittert, D. et al. 
[33], the alginate extraction yield increased non-linearly fairly rapidly (compared to the later 
extraction times) for the first 60 min of extraction for all experimental runs (Figure 4). After 60 min, 
there was a more gradual and linear rise until the extraction was finished. After the extraction 
procedure, the measured alginate concentrations ranged from 11.6 to 18.1 g/L; taking into account 
that 40 g/L or 4% of the dry matter was charged at the beginning of the experiment, these yields 
correspond to 29.0 to 45.3% of the initial dry weight (dw) being extracted as alginate. Specifically, the 
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largest alginate yields of 45.3% and 40.3% of initial dw under endpoint circumstances were achieved 
by experimental runs (pH 10, 60 °C, E:S 0%), and (pH 10, 60 °C, E:S 1%) [33]. 

 

Figure 4. Ultrasound-assisted extraction of Alginate [33]. 

5.3. Enzyme Assisted Extraction (EAE) of Alginate 

The breakdown of polysaccharide cell walls by enzymes is one of the most effective extraction 
methods for increasing the yield of bioactive chemicals. Comparing enzyme extraction to the 
traditional approach, the molecular weight of the polysaccharides isolated from Ecklonia radiata algae 
is reduced by 20 to 50%, suggesting that enzymes are capable of hydrolyzing certain bonds in alginate 
molecules [34]. The water extraction approach produced the lowest alginate extraction yield (3.30%) 
in one study, although the alkalase (3.5%) and cellulase (3.47%) treatments resulted in a marginal 
increase in the extraction process yield [35]. The optimal conditions for extracting sulfated 
polysaccharide from Turbinaria turbinata are a cellulase concentration of 1.5 µL/mL and a hydrolysis 
time of 19.5 h, which yielded 25.13% [36]. Similarly, the yields of sulfated polysaccharides extracted 
from the alga Turbinaria turbinate which were extracted using the enzymes cellulose, 
amyloglucosidase, and vicozyme were higher than those obtained without the enzyme-assisted 
extraction processes. Furthermore, compared to standard water extraction without enzymes (3.8%), 
the alginate yield rose by up to 6.60% with the introduction of cellulase, whereas alkalase had no 
effect. Additionally, alginates with the lowest M/W ratio and the least amount of chemical 
contamination with proteins and polyphenols are produced by the employment of alkalase and 
cellulase enzymes [27]. 

In their work titled “Sequential and enzyme-assisted extraction of algal bio-products from 
Ecklonia maxima,” Blessing et al [37] found that the sequential enzyme-assisted extraction yielded 
yields of 17.6% (w/w) fucoidan and 9.5% (w/w) calcium alginate, respectively (Figure 5). Afterwards, 
aqueous sodium carbonate was used to extract 25% (w/w) sodium alginate from the leftover seaweed 
residue. They used the same algal biomass to extract fucoidan, alginate, and phenolics. In contrast to 
those extracted using conventional techniques, which varied from 1.1% to 6.8%, the yields for 
fucoidans were comparatively high [37]. 

According to the study “Enzyme-Assisted Extraction of Alginate from Beach Wrack Fucus 
vesiculosus” by Malvis R. et al. [38], the recovered monosaccharides following hydrolysis add up to 
24.8%dw without anhydro adjustment. Alginate and other polysaccharides most likely account for 
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the remaining 32.4% of the overall mass balance as they were not measured with the HPLC method. 
Both extraction duration and enzyme activity had a significant impact on the extraction yield, 
according to the data, which also demonstrated a similar pattern for the four enzymes under 
investigation: higher alginate yields are the consequence of longer extraction times and higher 
enzyme activity. The highest experimental extraction yield (9.60 ± 1.03%) was achieved with Alcalase 
2.4 L (15 h, 824.5 U), followed by Viscozyme (9.19 ± 0.75%, 15 h, 500 U), Neutrase 0.8 L (8.76 ± 0.22%, 
15 h, 824.5 U), and Celluclase 1.5 L (8.75 ± 0.17%, 15 h, 311.4 U). However, no significant differences 
were found between the various enzymes tested. The macroalgae species, growth conditions, and the 
extraction and purification process are some of the variables that affect alginate extraction yield [38]. 

 
Figure 5. Enzyme-assisted extraction of alginate from Ecklonia maxima [34]. 

In their work on “A novel enzyme-assisted one-pot method for the extraction of fucoidan and 
alginate oligosaccharides from Lessonia trabeculata and their bioactivities,” Yan, C. et al. [39] stated 
that crude alginate oligosaccharides were purified in a multifunctional membrane separation plant 
(LNG-UF-101, Shanghai Longyi Membrane Separation Equipment Engineering Co. Shanghai, China) 
before alginate oligosaccharides (AOS) were obtained. Around 21.36% of AOS was produced by L. 
trabeculata. Thin layer chromatography (TLC) was used to examine each tube with a high sugar 
content in order to determine the composition of AOS. The tri-saccharides, tetra-saccharides, and 
penta-saccharides made up the majority of AOS, according to the TLC data [39]. 
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5.4. Pressurized Liquid Extraction (PLE) of Alginate 

Getachew, A. et al. [40] reported the crude alginate and fucoidan contents of the extract at 
various extraction temperatures in their work, “Effect of Extraction Temperature on Pressurized 
Liquid Extraction of Bioactive Compounds from Fucus vesiculosus.” The extract’s alginate content rose 
from 120 to 130 degrees Celsius. There was no discernible difference in the extractions at 130 and 150 
°C, however the alginate yield decreased as the temperature rose. At 140 °C, 2.08 ± 0.12% alginate 
was the most amount that could be extracted [40]. 

A novel extraction techniques called liquid extraction under pressure uses high temperatures 
and pressures to quickly and efficiently extract target chemicals in a light- and oxygen-free 
environment while using the least amount of solvent possible (Figure 6) [25]. While the high pressure 
keeps the solvent below the boiling point, the high temperature improves the sample’s dissolution 
and speeds up its rate of diffusion [41]. There are several names for the pressurized liquid extraction 
process, including pressurized fluid extraction (PFE), pressurized solvent extraction (PSE), 
accelerated solvent extraction (ASE), critical water extraction (SWE), and hot water extraction (HWE), 
depending on the solvent and the circumstances (Table 1). Different kinds of static [42] or dynamic 
[43] extraction apparatus with pressurized liquid have been utilized to extract polysaccharides from 
brown algae. Some indoor equipment (off-scale laboratory) can be utilized in dynamic mode 
(continuous flow), although the equipment used was laboratory-scale commercial equipment 
typically used for pressured liquid extraction, created by Dionex Corporation (Sunnyvale, CA, USA) 
in 1995 [44]. 

 

 

Figure 6. Novel extraction methods of Alginate [25]. 
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Table 1. Alginate Yield, Extraction Methods, and Influencing Conditions 

Reference Extraction Method Alginate Yield Conditions Affecting 
Yield 

Mário S. et al. [27] 
Microwave-Assisted 
Extraction (MAE) with Acid 
Pre-treatment 

Increased by 100–143% 
compared to traditional 
acid pretreatment 

Acid pre-treatment; 
harvest time (seasonal 
variation) 

Torabi P. et al. 
[25] MAE 24.21–33.33% 

Temperature (75 °C 
optimal), Microwave 
Power (400 W), Time (30 
min), S/A Ratio (20 mL/g) 

Nesic A. et al. 
[26] 

Traditional 
(Demineralization + Alkaline 
Treatment) 

32% (max with repeated 
steps) 

Long extraction time, 
repeated treatments, high 
solvent and energy use 

Rostami et al. [27] MAE (Untreated Algae) <5% 

Microwave pre-treatment 
facilitates extraction; 
untreated algae yielded 
minimal alginate 

Nesic A. et al. 
[26] 

Alkaline Extraction (pre-
treated) 

20–24% Pre-treatment necessary for 
improved yield 

Nesic A. et al. 
[26] 

Acid + Alkaline 32–36% Combined approach 
improves efficiency 

Youssouf et al. 
[30] 

Ultrasound-Assisted 
Extraction (UAE) 54.06% 

pH 12, Na2CO3, 1:100 ratio, 
40 min, Ultrasound (25 
kHz, 150 W) 

Ummat V. et al. 
[32] 

UAE (Post-Fucoidan 
Extraction) 

0.020–6.19% (Crude 
Yield) 39.76–78.22% 
(Alginate Content) 

US amplitude (optimal: 
68.86%), Sonication Time 
(30 min), Yield not 
significantly affected by US 
amplitude 

Van Sittert D. et 
al. [33] 

UAE with/without Enzymes 29.0–45.3% 
pH 10, 60 °C, 
Enzyme:Substrate Ratio (0–
1%), Time (≥60 min) 

Anonymous [35] Water Extraction 3.30% Low yield method 

 
Enzyme-Assisted 
(Cellulase/Alkalase) 3.47–3.5% 

Marginal improvement 
over water method 

Anonymous [36] Cellulase-Assisted 25.13% 
1.5 µL/mL cellulase, 19.5 h 
hydrolysis 

Malvis R. et al. 
[37] 

Enzyme-Assisted Extraction 
(Various Enzymes) 8.75–9.60% 

Enzymes: Alcalase, 
Viscozyme, Neutrase, 
Celluclase; 15 h; Enzyme 
activity critical 

Blessing M. et al. 
[38] Sequential Enzyme-Assisted 

9.5% (Calcium Alginate) 
25% (Sodium Alginate) 

Sodium carbonate after 
sequential extraction; 
residual biomass reused 

Yan C. et al. [39] 
Enzyme + Membrane 
Purification 21.36% (AOS) 

Membrane separation of 
crude extract; composition 
confirmed via TLC 

Getachew A. et 
al. [40] 

Pressurized Liquid 
Extraction (PLE) 

Max: 2.08 ± 0.12% Optimal at 140 °C; higher 
temps reduce yield 
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6. Application of Alginate Food Polymer in Food Industry 

The food industry has taken a keen interest in alginate, a naturally occurring anionic 
polysaccharide that is mostly derived from brown seaweeds, because of its distinct physicochemical 
characteristics and range of applications. Alginate, a food polymer that is made up of residues of β-
D-mannuronic acid (M) and α-L-guluronic acid (G), has remarkable gelling, thickening, and 
stabilizing properties due to its ability to form hydrogels in the presence of divalent cations like 
calcium ions [45]. 

Alginates are a class of viscous polysaccharides that are extracted from brown seaweed and that 
certain bacterial species create as an extracellular matrix. Alginates have long been employed in a 
variety of food applications as thickeners, emulsifiers, and stabilizing agents (Table 2). Because of 
their distinct biochemical and biophysical characteristics, alginates are finding a variety of new uses 
in food. Modified alginate based emulsion, which offers steady and regulated discharge, may be a 
promising solution to the problems facing emulsifiers in the food company. This is because proteins 
and surfactant based emulsions have been found to become unstable over time. High oil management 
and a reduction in the breakdown of unsaturated fatty acids are two benefits of alginate emulsion. 
Alginate’s ability to function as an emulsifier in water/oil solutions was then found. Water and oil 
phases in food systems can be dispersed by alginate. In the process of making margarine, 
mayonnaise, and salad dressings, this characteristic can stabilize the emulsion and stop the water and 
oil phases from separating. Additionally, employing alginate modified with Dodecenyl Succinic 
Anhydride (DSA) enhances its hydrophobic properties and qualifies it as a viable option for 
emulsification. Alginate emulsions are a promising emulsifier in the food sector due to their stability 
across a range of temperature, pH, and ionic strength. Alginate’s high emulsifying activity and 
durability at acidic pH values, in particular, can encourage its usage in food items that need gelation 
and contain ascorbic acid or citric acid [45]. The gel-forming properties of alginate enable the 
production of a variety of food structures and textures. A gel’s characteristics are determined by its 
M/G ratio; a higher G content makes the gel stronger and more brittle, while a higher M content 
makes the gel softer and more elastic. To satisfy consumer preferences, food technologists can create 
products with particular textural qualities thanks to this tunability. Alginate is used to stabilize 
cheeses and yogurts in dairy applications, improving mouthfeel and avoiding whey separation. It 
helps bakery goods retain moisture, which prolongs their shelf life and keeps them soft. Furthermore, 
alginate can be used to create heat-stable gels, which makes it appropriate for items that need to be 
heated, like baked goods and canned foods [46]. Probiotics, vitamins, and antioxidants are just a few 
of the bioactive substances that can be effectively encapsulated in alginate’s gel matrix. This 
encapsulation ensures the stability and bioavailability of sensitive ingredients after ingestion by 
shielding them from environmental stresses like pH changes and enzymatic degradation. To increase 
the viability of Lactobacillus casei during storage and gastrointestinal transit, for example, alginate-
based microgels have been used to encapsulate the bacteria. The preservation of polyphenols’ 
antioxidant activity through encapsulation in alginate matrices has also been demonstrated, aiding 
in the creation of functional foods with advantageous health effects [47]. The ability of alginate to 
form films is used to make edible coatings that prolong the shelf life of perishable products by acting 
as barriers against moisture, oxygen, and microbiological contamination. Meats, cheeses, and fresh-
cut fruits and vegetables benefit most from these coatings. The protective effect of alginate films is 
further increased by adding antimicrobial agents, such as essential oils or silver nanoparticles. For 
instance, it has been shown that alginate films containing oregano essential oil are effective at 
preventing bacteria from growing on seafood products. Alginate can also be combined with other 
biopolymers, such as chitosan, to enhance the mechanical characteristics of films and provide extra 
antimicrobial activity [48]. Alginate is being investigated as a nutraceutical delivery system as a result 
of the growing demand for functional foods. Sensitive compounds can be encapsulated in it for 
controlled release in the gastrointestinal tract due to its gentle gelation conditions and 
biocompatibility. Delivery systems based on alginate have been developed for a variety of bio-actives, 
such as curcumin, omega-3 fatty acids, and different vitamins. These systems improve the efficacy 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202504.2246.v2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202504.2246.v2
http://creativecommons.org/licenses/by/4.0/


 13 of 22 

 

and health benefits for consumers by protecting the encapsulated compounds and enabling targeted 
release [49]. The viscosity-modifying qualities of alginate are used to modify the rheological behavior 
of food items. Because of its shear-thinning behavior, it facilitates manufacturing while preserving 
product stability in processes like pumping and mixing. Alginate prevents phase separation and adds 
a pleasing mouthfeel to sauces, dressings, and drinks. Its capacity to interact with other 
hydrocolloids, including carrageenan and pectin, enables the creation of intricate textures and 
stability profiles that are suited to particular uses [50]. Alginate is appropriate for 3D food printing 
applications due to its quick gelation when calcium ions are present. Customized textures and shapes 
can be produced by varying the alginate concentrations and cross-linking conditions, opening the 
door to innovative food designs and individualized nutrition [8]. 

Because alginate can thicken marmalade, jars, savory sauces, and desserts, it can be used to 
introduce what consumers want like low-fat products, modern water storage capacity for industrial 
foods, and organoleptic properties. This makes alginate a versatile ingredient in the food industry. 
To measure product quality and trust, several key elements are essential. For instance, solutions 
including network interaction have varying viscosities depending on the molecular weight of the 
alginate. It indicates that a higher alginate molecular weight results in more engagement. For 
example, the viscosity improves as the alginate concentration rises, but the viscosity decreases when 
the temperature rises because of changes in the chain structure. 

Weak viscosity and a reduction in electric charges are the results of high salt and pH (below 3 
and above 11). In general, alginate and polysaccharides can work in concert. Gums interact with 
alginate due to their charges and flexibility. However, the concentration of calcium determines 
excellent qualities. When 2 mM of calcium ions were added to the gums derived from T. cordifolia 
bark and I. gabonensis seeds, the best compact gel was produced [51].  

Alginate is a linear polymer that, when dissolved in water and dried, forms a clear, translucent 
film. Alginate films are resistant to ripping, oil-impermeable, and have exceptional tensile strength 
and flexibility. Alginate turns into an edible coating that provides protective properties to food after 
an aqueous solution is applied to its surface. Alginate’s capacity to form films has great potential in 
the functional food sector because of the current push to reduce or replace non-biodegradable or non-
recyclable food packaging. Food coatings made of alginate are safe to use, simple to prepare, and 
have a long shelf life and high product stability. Nonetheless, alginate gels are permeable to water 
and oxygen due to their porous structure [52]. 

The growing consumer demand for clean-label and eco-friendly food ingredients are met by 
alginate, a naturally occurring, biodegradable polymer. By lowering dependency on artificial 
additives, its use can support more environmentally friendly methods of food production. 
Additionally, alginate’s potential to create edible packaging materials and its function in extending 
the shelf life of food reduce food waste, underscoring its importance in advancing sustainability in 
the food industry. 

Table 2. Summary for Application of alginate food polymer in food industry [48] 

Function Product Concetration/Formulat
ion 

Effect 

  Texturizing food 
ingredient 

 

Thickening  Yogurt Sodium alginate at 
≤0.2% 

Increase thickening effect and 
Stability 

Stabilizing  Beverage 
Sodium alginate and 
whey protein isolate at 
1% (w/v)  

increase thermal stability, physical 
stability (sucrose and NaCl 
concentrations) and decrease 
Oxidation (heat and UV light) 

Emulsifying agent Mayonnaise Sodium alginate (2%, 
w/v), Tween 80 (0.5%, 

Increase thixotropic property,  Good 
freeze thawing and thermal stability, 
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v/v), and oil (5–30%, 
v/v)  

No perceptible coalescence of oil 
droplets decrease fat content 

Gelling agent  Ice-cream  

Sodium alginate (17.5 
g) in milk (300 mL), 
mixed in the milk 
(3507.5 mL) and butter 
(460 g) 

Increase stabilizing, Holding 
capacity, Overrun and Sensory 
acceptability. Decrease Ice crystals 
(small) and Fat destabilization, 
Melting resistance 

Encapsulation and 
immobilization 
agents  

Bread  Alginate: Yeast: Water 
at 2:5:100  

Increase sensory acceptability,  
Crumb texture and volume, Good 
immobilization of baker’s yeast 
within an alginate-based hydrogel 

Texturizing  Noodle-like  
Sodium alginate (2%, 
w/v), soy protein isolate 
(12%, w/v) 

Unchanged cohesiveness, resilience, 
and springiness decrease Hardness 
and chewiness, Similar textural 
properties of a commercial noodle 

Binding agents   Soy patties  

Sodium alginate (0.5%, 
w/v), Texturized soy 
protein (65%, w/v) 
isolated soy protein 
(6%, w/v) 

Binding agents Soy patties  Decrease 
product moisture, textural properties, 
oil absorption during the frying and 
Cooking loss. increase juiciness and 
Water-binding properties 

  Packaging/coating 
material 

 

Coating  French fries  Sodium alginate at 1%, 
w/v  

Decrease water evaporation and oil 
absorption and Colour parameters (b* 
and a*).  increase crispness texture  
and lightness value (L*)  

Film  Meat  
Sodium alginate and 
turmeric 1.0:0.13 ratio 
(%, w/w)  

Good mechanical and barrier 
properties.  Increase the shelf life of 
the meat (16 days) in  refrigeration. 
Decrease lipid oxidation 

  
Functional food 
ingredient  

Satiating  Milk-based snacks Sodium alginate (3%, 
w/v)  

Increase relative expected satiety. 
Extended a postprandial hunger 
sensation 

Encapsulation of 
live probiotic  

Yogurt  
Sodium alginate (3%, 
w/v) and whey protein 
concentrate (80%, w/v)  

 Entrapment efficiency of 85.26% for 
xylooligosaccharides. Protective 
efficiency (100%) in simulated gastric 
juice,  increase appearance and 
colour of yogurt 

  Miscellaneous  

Substitute fat and 
sugar 

Ice-cream 
Sodium alginate (1.5%, 
w/v), whey protein 
isolate (0.6%, w/v) 

Increase caloric value.  
Textural and sensory properties 
similar compared to the control 
sample 

Restructured 
products 

Restructured 
sweet potato 

Sodium alginate (0.23–
0.82%, w/w), calcium 
sulphate di-hydrate 
(0.41–0.84%, w/w),  

Increase water retention during 
frying 
Decrease acceptability index and fat 
absorption 

Mimicking Caviar-like 
Sodium alginate (2%, 
w/v), sodium chloride 
(3% and 5%, w/v) 

Increase sensorial properties and bulk 
density 
Decrease lightness values (L*) 
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7. Alginate’s Possible Use in Functional Foods 

The functional food industry is very interested in alginate, a natural brown seaweed 
polysaccharide, because of its many health benefits and adaptable properties. Using alginate as a 
glue, foods that promote gut health can be prepared by encouraging the growth of good bacteria in 
the gut by acting as a prebiotic [52]. Prebiotics have the potential to improve digestion, reduce the 
risk of digestive disorders and improve the gut flora in general. By delaying stomach emptying, the 
ability of alginate to form gel-like structures is another known property that can contribute to a sense 
of satiety. This makes it a useful ingredient in weight loss products, as it can help you to reduce your 
calorie intake by helping you feel fuller for longer. In addition to its role in promoting satiety, alginate 
may also help to control blood sugar levels by delaying the breakdown and absorption of 
carbohydrates, causing the blood sugar level to rise more slowly after a meal. Alginate can therefore 
be an excellent ingredient in foods intended to control diabetes or stimulate the secretion of insulin 
[53]. Alginate is also useful for producing low-fat and low-sugar foods due to its ability to replicate 
the structure of fat and sugars. It can provide healthier substitutes for added calories in foods such 
as yoghurt, ice cream and snacks by providing a creamy flavor of fat or a sweetened consistency. 
Brown algae contains a natural polysaccharide called alginate, which has shown promising results in 
lowering LDL (bad) cholesterol and improving cardiovascular health [54]. The main mechanism for 
this effect is the ability of alginate to bind to bile acids in the digestive tract. The liver produces bile 
acids from cholesterol, which are necessary for digesting fats. After ingestion, alginate binds to bile 
acids in the gut to form a gel-like structure which prevents absorption of the bile acids in the small 
intestine and promotes their elimination in the faces. In response to this loss, the liver uses cholesterol 
as a raw material to produce more bile acid. LDL cholesterol levels are reduced because the liver uses 
circulating cholesterol to create new bile acids. Alginate can also bind to cholesterol directly in the 
intestine, blocking its absorption and reducing cholesterol levels in the blood. According to research, 
including in vitro and animal studies, alginate can successfully reduce total cholesterol and LDL 
cholesterol without significantly altering HDL (Good) cholesterol. These results were confirmed by 
some clinical studies in humans, which showed that the use of alginate supplements could 
significantly lower LDL cholesterol [55]. In addition to its well-known benefits in lowering cholesterol 
and improving gut health, alginate has antioxidant properties which can protect cells against 
oxidative damage. The imbalance between antioxidants and free radicals in the body causes oxidative 
stress, which damages DNA, proteins and cells. Chronic diseases such as diabetes, heart disease and 
certain forms of cancer are also associated with this damage. According to some research, alginate 
contains antioxidants such as polyphenols which can counteract free radicals and reduce oxidative 
damage. Alginate has the potential to reduce inflammation, which is a major cause of many chronic 
diseases, by scavenging these harmful free radicals. Oxidative stress-related diseases such as heart 
disease and neurodegenerative diseases can be prevented or delayed by the antioxidant activity of 
alginate [56]. 

A third of the world’s population suffers from obesity, which has spread like a pandemic and 
increases the risk of type 2 diabetes in those individuals. There aren’t many safe and efficient anti-
obesity medications available right now. Using natural food ingredients to Fight obesity is a new 
trend. An energy-restricting food additive called alginate has been created to help obese people lose 
weight. A 12-week dietary intervention study has demonstrated this [44]. Anti-inflammatory 
activities are among the many beneficial biological effects of sodium alginate that have been 
authorized. In 2022, Niu et al. proposed that by regulating oxidative stress, intestinal microbes, and 
inflammatory factors, sodium alginate combined with chlorogenic acid improves the therapeutic 
effect on ulcerative colitis [57]. Innate immune cells’ surface receptors play a crucial role in identifying 
infections and triggering immunological reactions (Figure 7). They are crucial for phagocytosis and 
complement regulation and activation, pro-inflammatory signaling pathway initiation, and 
apoptosis induction. Kurachi et al. confirmed that alginate treatment could stimulate TNF-α release 
in RAW264.7 cells by comparing the effects of alginate polymers with varying Mw and M/G ratios 
on tumor necrosis factor (TNF)-α production [58]. 
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Figure 7. Potential Food and Nutraceutical Applications of Alginate [46]. 

8. Discussion 

The genera Laminaria, Macrocystis, and Ascophyllum are among the brown seaweeds that are the 
main source of alginate produced worldwide. Aquaculture is the source of alginate; however a 
considerable quantity is extracted from wild seaweed. In addition to seaweed, microorganisms like 
Azotobacter and Pseudomonas species can also be used to extract alginate [13]. The sources of alginate 
are still limited to seaweed and little bacterial species, therefore searching for other alternatives is 
crucial for alginate variety production. Only three species of brown seaweed Laminaria, Microcystis, 
and Ascophyllum are thought to be sufficiently abundant or appropriate for use in alginate extraction 
on a commercial basis. Sargassum and other seaweed species are usually only utilized in situations 
where commercial sources are scarce. This is because sargassum alginate was found to be of 
“borderline” quality [12]. Because they are prevalent in particular geographic areas and contain large 
amounts of alginic acid, the precursor to alginates, Laminaria, Macrocystis, and Ascophyllum are the 
finest algae species for extracting alginate for the food field. These species, whose alginate 
concentrations range from 17% to 44%, are the most significant sources of alginate. This species’ thick, 
strong stipes (stems) contains a high concentration of high-quality alginate; typically, only the stipes 
are collected and dried. However, the yield of alginate extraction varies depending on the species 
and age of the seaweed, as well as environmental factors like light intensity, water temperature, 
currents, and nutritional status, as well as extraction methods. 

The type of algae, extraction techniques, chemical modification, and other factors all affect the 
quality and quantity of the alginate that is produced from brown seaweeds, which has a varied yield. 
The most common method for extracting alginates is conventional alkaline extraction [19]. Alginate 
is most commonly extracted from seaweed using the conventional extraction method, which has 
several disadvantages. Taking a long time the procedure consists of several stages, such as pre-
treatment, acid treatment, alkaline extraction, bleaching, drying, and precipitation, uses a lot of 
solvents and reagents. Numerous solvents and reagents are needed for the procedure. Ineffective to 
increase the yield of alginate, the acid treatment of biomass might be enhanced. On the other hand, 
new extraction methods like ultrasound and microwave aided extractions have drawn a lot of 
attention. The physiochemical, mechanical, and prospective uses of alginate are significantly 
influenced by the extraction parameters, such as temperature and extraction time. 

This review showed that the non-conventional extraction techniques are obviously preferred 
than conventional extraction techniques. The food industry can use unconventional extraction 
techniques to extract alginate since they can be more economical, efficient, and environmentally 
friendly than traditional techniques. Using sound waves to break down cell walls, ultrasound-
assisted extraction accelerates the release of chemicals and decreases particle size. UAE is quick, easy 
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on the environment, and industrially scalable [31]. The process known as microwave-assisted 
extraction breaks down cell walls and releases their contents by using microwaves. Bioactive 
chemicals are extracted from plants using pressurized liquid extraction, which involves high heat 
and pressure. Cell membrane electroporation is induced during pulsed electric fields extraction to 
boost extraction yield. Using a shift in temperature and pressure, supercritical CO2 (SC-CO2) 
extraction turns a gas into a supercritical fluid [17]. Alginate extraction should be optimized to 
minimize carbon emissions, lower energy consumption, and combine alginate extraction with the 
manufacture of other value-added products in order to ensure sustainable alginate manufacturing. 

The food industry has come to rely heavily on alginate, a natural polysaccharide that comes from 
brown seaweeds, because of its special structural and functional qualities. This review explored how 
alginate affects food microstructure and how it functions as a food polymer, emphasizing new 
developments and uses [59]. The linear structure of alginate, which is made up of mannuronic (M) 
and guluronic (G) acid units, gives it unique gelling and film-forming properties. Gel strength and 
stability are greatly influenced by the M/G ratio; a larger G concentration improves calcium ion 
crosslinking and gel firmness. Alginate’s structural adaptability enables it to gel at low temperatures, 
making it appropriate for a range of food applications [60]. Bioactive substances including vitamins, 
polyphenols, and probiotics can be encapsulated in alginate to protect them from the environment 
and increase their stability and bioavailability. Alginate beads, for example, have demonstrated 
enhanced homogeneity and stability when cocoa extract is encapsulated within them, particularly 
when calcium-induced gelation takes place internally [61]. Alginate works well as a stabilizer and 
thickener in products like dairy products, sauces, and jams. In low-fat and reduced-sugar 
formulations, its gel-forming qualities help create the desired textures, while its shear-thinning 
behavior makes processing simple [62]. Alginate-based coatings and films provide protection from 
microbiological contamination, gas exchange regulation, and moisture retention. Alginate coatings, 
for instance, have been used to prolong the shelf life of fresh-cut fruits and vegetables by slowing 
down respiration and postponing browning [63]. Probiotics can be better preserved during storage 
and transit through the gastrointestinal tract by encapsulating them in alginate microgels. Research 
shows that probiotic strains like Lactobacillus casei can be successfully shielded from harmful 
environments by alginate-based delivery systems [61]. Several functional ingredients can be 
incorporated into alginate due to its versatility. For example, films based on alginate have been 
created to deliver bioactive substances, essential oils, and antioxidants, thereby improving the 
functional aspects of food products [64]. Alginate gels are shown to have a porous network structure 
by sophisticated imaging methods like scanning electron microscopy (SEM). This microstructure 
improves the texture of food products and allows for the controlled release of encapsulated 
compounds. The microstructure can be tailored to satisfy particular functional requirements by 
adjusting the gelation conditions, such as pH and calcium concentration. Alginate is a natural 
polymer that provides a sustainable substitute for artificial additives. It is appropriate for 
environmentally friendly food packaging options due to its non-toxic and biodegradable qualities. 
The increasing need for ecologically friendly food packaging materials is in line with research into 
edible films and coatings based on alginate [64]. 

This review revealed that research on using edible bio-polymers to coat and form films on food 
products has recently increased. Films and coatings that are edible or biodegradable can be utilized 
to preserve the product’s quality over time. Freshly cut fruits, vegetables, and meat items covered 
with alginate solutions and additives have shown encouraging outcomes. However, new 
antibacterial, anti-oxidative, and anti-browning chemicals could be added to increase food safety and 
quality even further. It is possible to gain a deeper comprehension of any potential synergistic effects 
between active drugs and alginate coating. Alginate and its numerous derivatives have long been 
used in food and even as a binder in aquaculture because of their special abilities to agglutinate, 
thicken, gel, form films, and stabilize. Its ability to thicken makes it useful for ice cream toppings, 
syrups, and sauces [65]. 
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Alginate is an effective and organic food ingredient. Alginate has been used extensively in the 
food and nutraceutical industries due to its superior functional qualities of ion cross-linking, pH 
sensitivity, biocompatibility, and biodegradability when compared to other seaweed 
polysaccharides. Moreover, alginate is the only polysaccharide in which every component residue 
naturally contains carboxyl groups [66]. Food films and colloids can be made with it. Its many 
beneficial biological properties also present chances for its development into nutraceuticals and 
functional foods. More research is needed to better understand the bioactivities and prospective uses 
of alginate, despite advancements in its manufacture and utilization in the food and nutraceutical 
industries. The development of functional foods or nutraceuticals is based on enhanced safety 
information and analysis techniques. The manufacture and use of alginate in the food and 
nutraceutical industries have been sufficiently studied, but further investigation is required to 
improve our understanding of its biological activity and its uses. Without a doubt, these 
investigations will improve the basis for future alginate production and use. 

9. Challenges and Future Trend 

Among the difficulties facing alginate research today are: The majority of research efforts are 
restricted to the experimental scale. Unfortunately a small number of research investigations include 
human clinical trials; Alginate manufacturing is still in its early stages as an industry. Regarding 
enzymatic digested alginate, the main factors limiting industrial production are: the high cost of 
alginate manufacturing; and the low yield and hydrolysis effectiveness of existing alginate lyases 
(alginate polymer-breaking enzymes that create monosaccharides or oligosaccharides). Alginate-
based medications are therefore costly and put a greater financial strain on patients, particularly those 
that are not yet covered by health insurance. Despite these difficulties, alginate’s remarkable 
structural flexibility, high bioavailability, and variety of advantageous effects make it valuable for 
research, development, and a wide range of applications. For their possible uses, it is worthwhile to 
put in more work. 

Future study should concentrate on the following areas: To give comprehensive experimental 
evidence for enhancing the dependability and persuasiveness of alginate products, more human 
clinical studies must be conducted. To increase the yield and production rate of alginate, more 
effective manufacturing techniques must be created. To achieve stable and effective alginate lyase, 
one approach calls for extensive study of large-scale screening and identification of microbes that 
produce the enzyme, cloning and expression of genes encoding alginate lyase, purification and 
characterization of enzymes with high catalytic activity, and optimization of the enzymatic 
hydrolysis process [63]. Furthermore, comprehensive multidisciplinary methods must be created to 
alter and describe algae, exposing the underlying structure-function link. We think that the combined 
efforts of researchers will soon lead to the development and success of medications based on alginate. 

10. Conclusions 

Alginate has been used extensively in the food and nutraceutical industries due to its superior 
functional qualities, which when compared to other seaweed polysaccharides, include ion cross-
linking, pH sensitivity, biocompatibility, and biodegradability. The only polysaccharide that has 
carboxyl groups naturally present in every constituent residue is alginate. Food films and food 
colloids can be made with it. It also possesses a number of beneficial biological properties that hold 
promise for its development into nutraceuticals and functional foods. Despite advancements in the 
production and use of alginate in the food and nutraceutical industries, further research is still needed 
to fully comprehend its bioactivities and studies could explore the techno-economic viability of 
alginate applications in food systems. Better safety knowledge and analysis techniques serve as the 
cornerstone for its advancement in functional foods or nutraceuticals. An enhanced foundation for 
the future production and use of alginate will undoubtedly be provided by additional research in the 
aforementioned field. 
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