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Abstract

Fish oil, containing omega-3 polyunsaturated fatty acids such as eicosapentaenoic acid and docosahexaenoic 
acid, has attracted considerable interest for its health advantages, such as reducing inflammation and decreasing 
triglyceride levels. Nonetheless, fish oil is highly susceptible to oxidation, resulting in rancidity, reduced 
effectiveness, and unwanted smells, creating difficulties in its application as a dietary supplement. Using gelatin, 
encapsulation is commonly used to safeguard fish oil from oxidation and enhance its stability. This method 
involves enveloping the oil in a biopolymer to create a shield that guards against elements such as oxygen and 
light. Gelatin, obtained from different animal origins, is important in encapsulation. Various forms of gelatin, such 
as porcine skin gelatin (PSG), bovine skin gelatin (BSG), and fish gelatin (FG), have different characteristics that 
impact encapsulation efficiency and the stability of the enclosed fish oil. PSG and BSG are well-liked because 
they are readily accessible, cost-efficient, and have outstanding gel-forming capabilities. Nevertheless, their use 
may be restricted in specific markets due to dietary and religious guidelines. FG, obtained from fish skin and 
bones, is a better option that meets these limitations and fits well with human biology. A thorough search plan was 
created to locate pertinent papers from electronic databases such as PubMed, Google Scholar, Web of Science, 
or Scopus. This review examines the utilization of various kinds of gelatin to encapsulate fish oil, studying how 
their physical and chemical properties disturb the stability and efficacy of the encapsulated fish oil. The research 
also emphasizes the difficulties presented by oxidation and the significance of encapsulation in preserving the 
nutritional value and longevity of fish oil supplements. This review aims to offer insights into using different 
types of gelatins for encapsulating fish oil to enhance its oxidative stability and health advantages through a 
comparative analysis.
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INTRODUCTION

Fish oil had been traditionally consumed to 
ensure sufficient Vitamin A and D intake; 
for many years, these micronutrients 

have been recognized as essential for the body’s 
normal functions (homeostasis). It was not 
before the well-known publication by Dyerberg 
and Bang and their work on the Inuit diet in the 
mid-1970s that the interest and awareness of the 
significance of marine omega-3 polyunsaturated 
fatty acids (PUFAs) in human health increased.[1] 
Fish and other sea creatures are abundant in 
a distinct type of polyunsaturated fats called 
omega-3 or n-3 fatty acids. Adding omega-3 
fatty acids to the diet lowers triglyceride levels, 
an effect pronounced in those with marked 
hypertriglyceridemia.[2] Omega 3, a PUFA, 
provides numerous health advantages. Omega 
3 is a vital nutrient necessary for the proper 

functioning of the brain, cardiovascular system, and growth 
development system.[3] Omega 3 can decrease blood pressure, 
lower triglycerides in the blood, decrease joint inflammation 
in rheumatoid disease, support brain and eye functions, aid 
in preventing dementia, depression, asthma, migraine, and 
diabetes, and reduce the risk of heart disease and ischemic 
stroke. Foods such as marine fish, walnuts, soybeans, flax 
seed oil, and canola oil are high in Omega 3.[4] Fish oil is a 
significant dietary source of PUFAs, such as eicosapentaenoic 
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acid (EPA) and docosahexaenoic acid (DHA), and is known 
for its strong biological activities and health benefits. The 
complete PUFA composition of fish oils is influenced by 
various factors such as the type of fish, gender, stage of 
development, food intake, and surroundings, which could 
affect their possible advantages for health.[5] The benefits of 
fish oil seem to come from its omega-3 fatty acid content. 
Mackerel, herring, tuna, and salmon are examples of fish 
rich in these oils. The body doesn’t produce many omega-3 
fatty acids on its own. Omega-3 fatty acids decrease pain and 
inflammation while also inhibiting excessive blood clotting.[6] 
To improve the oral absorption of fish oil and test its anti-
inflammatory effect, a fish oil nanoemulsion was developed 
using cis-4,7,10,13,16,19-docosahexaenoic fatty acid as a 
biomarker for oral administration.[7] Consistent consumption 
of adequate amounts of PUFAs is essential in decreasing 
the occurrences of various illnesses and chronic conditions 
such as psoriasis, bowel diseases, mental disorders, cancer, 
rheumatoid arthritis, heart diseases, diabetes, respiratory 
disorders, coordination issues, movement disorders, obesity, 
and fragile bones. As a result, health agencies around the 
globe strongly encourage the consumption of foods rich in 
PUFAs.[5] While the European Food Safety Authority Panel 
on Dietetic Products, Nutrition, and Allergies recommends 
consuming 250–500 mg/day of EPA and DHA for adults 
with cardiovascular risk, scientific authorities recommend 
the consumption of fish twice a week to benefit from the 
nutritional effects of omega-3 fatty acids.[8] Aside from 
the distinct EPA and DHA composition found in fish oils, 
omega-3 fatty acids are the most vulnerable to oxidation. 
Once the fish oil supplement bottles are opened, they are 
subjected to oxidation, beginning with oxygen in the air, 
leading to rancidity and deterioration issues. Fish oil is highly 
susceptible to oxidation, which leads to degradation, reduced 
efficacy, and the formation of unpleasant odors and tastes.[8] 
Oxidation significantly affects the nutritional value of oils. 
The formation of harmful compounds such as 4-hydroxy-
2-alkenal and 4-hydroxy-2-hexanalcan negatively impact 
health. In addition, oxidation causes unpleasant odors and 
tastes, shortens shelf life, and reduces the content of essential 
fatty acids.[9] To ensure optimal nutritional benefits and 
maintain acceptable quality, omega-3 fatty acid oils must 
have good sensory properties and strong oxidation resistance. 
This instability presents challenges for the long-term storage 
and delivery of nutritional supplements.[5] Encapsulation is 
a method that entails enclosing a substance or a blend of 
materials within another material to shield delicate functional 
materials from undesirable conditions. The trapped substance 
is referred to as the core material or active agent, whereas 
the material that encloses it is called the shell or coating 
material.[10]

The end-product of this technique is known as core–shell 
microcapsules or microspheres, which have a round shape 
and a variety of sizes of about 0.1-10 µm. Encapsulation 
can be utilized in various applications, including the 
encapsulation of food ingredients such as flavors and 

vitamins. It can be achieved through spray drying, fluid-bed 
coating, freeze-drying, and emulsification.[11] Encapsulation 
is a promising solution to protect fish oil from oxidation 
and improve its stability. Compared to single-component 
encapsulation materials, protective coatings formed by 
combining polysaccharides and proteins can improve 
products’ encapsulation efficiency (EE) and oxidative 
stability. This combination of proteins and polysaccharides 
to encapsulate PUFAs can either be used as a raw mixture or 
undergo a Maillard reaction to form a complex with enhanced 
properties.[12] The encapsulation process involves creating a 
protective barrier around the oil, often using a biopolymer, 
to shield it from environmental factors such as oxygen and 
light. Among the biopolymers used for encapsulation, gelatin 
is widely preferred due to its versatility and functional 
properties.[13]

THE ROLE OF GELATIN IN 
ENCAPSULATION

Fish oils, rich in omega-3 PUFAs, offer numerous health 
benefits for human healthcare and nutrition. However, their 
use has traditionally been hindered by challenges such as a 
fishy odor and taste, poor water solubility, and susceptibility 
to oxidation. In response, fish oil encapsulation preparations 
have been developed to eliminate these disadvantages, 
leading fish oil encapsulation to become a sought-after 
research topic in the field of food science.[14] Its many 
uses in the pharmaceutical sector are as an encapsulating 
and suspending agent. Gelatin has good advantages in the 
complex coacervation method for encapsulating oil because 
it can interact with oppositely charged molecules, has varying 
pH-dependent charge density, adequate charge density in the 
chains, and distinct gelling behaviors.[15] The oil powders 
were produced through a combination technique involving 
the coacervation of gelatin and sodium hexametaphosphate, 
with the assistance of starch sodium octenyl succinate 
(SSOS) during freeze-drying.[16] In contrast to other gelatins, 
cold-water fish skin gelatin (CFG), which has an unclear 
isoelectric point, a smaller molecular weight, increased 
hydrogen bonds, and an extended gel formation time, cannot 
create complex coacervates essential for the production of oil 
powders. For oil powders derived from different gelatins, the 
type and concentration of gelatin did not show pronounced 
impacts on small-scale structures but did significantly affect 
physicochemical characteristics.[17] Earlier research has 
utilized this technique to encapsulate fish oil by using the 
electrostatic effect between gelatin and acacia gum, SHMP, 
anionic gum Arabic, and almond gum. Nevertheless, the 
products’ encapsulation efficiencies were typically <90%. 
We have recently created freeze-dried fish oil powders 
with over 95.2% fish oil encapsulation effectiveness 
by the coacervation of gelatin and SHMP complex and 
SSOS as a drying aid.[18] Although our research indicated 
promising potential for utilizing fish oil preparations, the 
specific impact of gelatin type and concentration on fish oil 
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powders’ properties is still poorly understood. The amino 
acid composition of gelatin, which is similar to its parent 
collagen, is influenced by the species of animal and the type 
of tissue. Differences also influenced variations in chemical 
properties in molecular weight distribution due to variations 
in conditions of nature or extraction. Gelatins derived from 
cow and pig skin are frequently utilized in food industry 
production due to their abundant availability.[15]

TYPES OF GELATIN USED IN 
ENCAPSULATED FISH OIL

The kinds of gelatin used to encapsulate fish oil include 
porcine skin gelatin (PSG), bovine skin gelatin (BSG), fish 
gelatin (FG), and CFG.[19] Gelatins, versatile materials with 
applications in fields such as medical tissue engineering, 
drug delivery, cosmetics, and food science, are derived from 
various animal tissues such as bones and skin. The specific 
source (e.g., mammalian, poultry, or fish) and extraction 
method significantly impact the functional characteristics of 
gelatins. Therefore, it is essential to investigate the effects 
of gelatin type on the preparation and properties of gelatin-
based products.[14] The specific advantages and limitations of 
these gelatin types are summarized in Table 1.

PSG

PSG is made from the skin of pigs. Gelatin is a heterogeneous 
mixture of water-soluble proteins of high average molecular 
mass in collagen.[20] PSG produced from acidic treatment is 
known as type A gelatin.[21] Gelatin dissolves more readily in 
hot water than in cold water. It is practically insoluble in most 
organic solvents such as alcohol, chloroform, carbon disulfide, 
carbon tetrachloride, ether, benzene, acetone, and oils.[22] It 
serves as a protective coating that helps stabilize the fish oil 
by preventing oxidation, preserving its nutritional quality, and 
controlling the release of the oil.[23] Porcine gelatin is often 
chosen for fish oil encapsulation because of its excellent gelling 
properties, clarity, and availability, making it a cost-effective 
and efficient option. However, its use may be restricted due to 
dietary or religious concerns, prompting some manufacturers 
to use alternatives such as bovine or FG in certain markets.[24]

BSG

A protein-based gelling agent known as bovine gelatin. 
It is created by partially hydrolyzing collagen, a protein 
extracted from animal tissues such as bone and skin. The 
gelatin molecule is made up of amino acids joined together 
by amide linkages in a long molecular chain.[25] Gelatin is a 
combination of numerous large polypeptides that originate 
from the controlled breakdown of tough, insoluble collagen 
found in various parts of animals, such as bones, hides, skins, 
tendons, and sinews. Due to its distinctive technical and 
functional properties, gelatin is widely used in the catering, 

pharmaceutical, medical, cosmetic, and photographic sectors 
for thickening, clarifying, emulsifying, and gelling purposes. 
Gelatin from bovine skin produced from alkaline treatment 
is known as type B gelatin.[26] Recent reports indicate that 
the main sources of gelatin are pigskin (46%), bovine hides 
(29.4%), bovine bones (23.1%), and other sources (1.5%).[27] 
Its thermo-reversible nature allows it to be melted and set 
repeatedly, which is advantageous in encapsulation processes 
involving heat.[28] The effects of adding BSG hydrolysate 
obtained with subtilisin on water-holding capacity in a 
thermally processed chicken meat model were investigated.[29] 
In addition, BSG is generally straightforward, facilitating 
visual inspection of the encapsulated product, and it is cost-
effective due to its widespread availability.[30]

FG

It is often recognized that fish are a great source of protein 
for humans. The edible part of fish is mostly meat (muscle); 
thus, fish processing industries produce large quantities of 
inedible parts or wastes such as skin, fins, bones, scales, 
and viscera.[31] FG is a protein substance obtained from fish 
skin or scales high in collagen, using hot water extraction. 
The Gelatin molecule consists of amino acids connected by 
amide linkages in a lengthy molecular chain. These amino 
acids perform an imperative function in the building of 
connective tissue in humans.[32] Fish skin and bone waste is 
one alternative source of raw material for making gelatin.[33] 
Fish oil is encapsulated using various methods, including 
complex coacervation, spray-drying, freeze-drying, and 
electrospraying. Complex coacervation is a popular method 
that uses gelatins as wall materials.[34] FG soft capsules can 
be made from a mixture of FG, glycerol, and water. The 
composition of amino acids in FG is different from traditional 
gelatin and is better suited to the human body.[35]

CFG

Gelatin extracted from cold water fish skin, such as that 
of Alaska pollock, possesses low-temperature gelling 
characteristics, often forming a gel at temperatures below 
11.9°C.[36] CFG has a lower melting point than other gelatins 
used in colder environments but is less stable at higher 
temperatures. This characteristic allows the rapid discharge of 
encapsulated materials, which may offer advantages in fields 
such as pharmaceutical formulations or food technology.[37] 
The utilization of CFG in microencapsulation of vitamins, 
colorants, and flavoring agents such as lemon, garlic, black 
pepper, and other flavors is made possible by the low melting 
temperatures.[15] There were variations in the physical and 
rheological properties and water vapor permeability between 
CFGs and mammalian gelatins.[38] Like other gelatins, CFG 
can encapsulate fish oil to protect it from oxidation, thereby 
extending shelf life and preserving the nutritional value of 
omega-3 fatty acids.[5]
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Vegetable-based gelatin alternatives

Vegetable-based gelatin alternatives are popular among 
consumers looking for plant-based, ethical, and health-
conscious substitutes.[39] One of the most widely used 
alternatives is agar-agar, derived from red algae. Agar-agar 
is perfect for sweets, jellies, and soups since it has no flavor 
and no smell, and it forms a hard, brittle gel.[40] Another 
option is carrageenan, sourced from red seaweed, serving as 
a thickener and stabilizer in different products, particularly 
dairy and plant-based foods.[41] Pectin, sourced from fruits 
such as apples and citrus, is commonly used in jams and 
jellies due to its ability to form a gel when combined with 
sugar and acid.[42] Kudzu root starch, derived from the kudzu 
plant, also serves as a thickening agent in sauces and desserts, 
offering digestive benefits.[43] Cornstarch, derived from corn, 
is a gluten-free alternative that helps to thicken soups, sauces, 
and custards. These options offer a variety of healthy choices 
for those following vegan, vegetarian, and allergy-friendly 
diets.[44]

COMPARATIVE ANALYSIS

Recently, there has been a growing need for fish oil in the 
pharmaceutical sector, attributed to discovering the health 
advantages of omega-3 fatty acids, specifically EPA and 
DHA. The composition of fish oils is distinct because they 
contain a wide range of fatty acids, making them a valuable 
source of C20 and C22 omega-3 fatty acids with significant 
medical benefits.[45] Previously, fish oil was primarily 
utilized as a crucial component in aquaculture diets and also 
in diets for livestock such as poultry and swine. Because 
of the growing recognition of the possible benefits of 
omega-3 fatty acids for human health, there has been a rising 
curiosity about using fish oils for human consumption.[46] 
The attractive qualities of hardened fish oils in the human 
diet are due to their nutritional and physical properties. 
Over the last ten years, a variety of food items have been 
introduced, including fish oils. The major challenges in 
adding long-chain omega-3 oils to food products include 
the instability of EPA and DHA and the presence of a fishy 
odor.[5] A market for dietary supplements is well-established, 
and there is also a growing market for food ingredients made 
from fish oils and fish oil concentrates. The ever-increasing 
body of scientific research supporting the health benefits of 
fish oil has resulted in a significant increase in its utilization 
within the pharmaceutical industry, with expectations for a 
prominent role in the future.[47]

PHYSICAL PROPERTIES

The qualities of both their physical and chemical nature 
determine how they act and react in different situations. 
These characteristics are vital in numerous manufacturing 
industries, such as food, chemical, pharmaceutical, and 

other fields.[48] Some physical properties to consider are 
boiling point, flash point, ignition point, melting point, 
solidification point, viscosity, plasticity, refractive index, 
specific gravity, and solubility. Inability to be saponified, 
capacity for emulsions, and flexibility.[49] The boiling point 
is the temperature of the oil sample’s liquid form vapor 
pressure, which equals the pressure in the environment. An 
example becomes a gas when heated. The flash point is the 
temperature at which an oil sample will ignite when exposed 
to specific heating conditions.[50] The flame is moved across 
the oil’s surface, but it will not keep burning because the 
ignition point is the temperature when oil will keep burning 
without extra heat. The melting point is when an oil sample 
goes from solid to liquid, whereas the solidification point is 
when the liquid phase is in equilibrium with a small solid 
phase portion.[51] Factors such as free fatty acid (FFA), 
oxidation, and heat treatment can influence the refractive 
index, a numerical value indicating the degree of light speed 
ratio in a vacuum compared to a test substance. Specific 
gravity is calculated by comparing the mass of a particular 
amount of sample material to the weight of an equal volume 
of water, both measured at specific temperatures, to assess 
relative density.[52] The term unsaponifiable denotes the part 
of the oil that remains unconverted into soap when treated 
with potassium hydroxide. This segment usually contains 
sterols, tocopherols, hydrocarbons, and pigments. The 
emulsifying capacity is the capacity in the water/oil interface 
allowing the formation of emulsion, whereas the plasticity is 
the property that has a body to preserve its shape by resisting 
a certain pressure.[53]

CHEMICAL PROPERTIES

Assessment of moisture, contaminants, acidity, FFAs, 
saponification, iodine, thiobarbituric acid, peroxide, anisidine, 
total oxidation, color, mineral and heavy metal content, and 
other characteristics are all part of chemical characterization. 
AcV represents the amount of potassium hydroxide needed 
to neutralize organic acids in one gram of fat, indicating the 
level of FFAs present.[54] An elevated level of FFAs in an oil 
or fat sample suggests. The decomposition of triglycerides 
through hydrolysis. SaV is the amount of potassium hydroxide 
needed to saponify one gram of fat in specific circumstances. 
It represents the mean molecular weight (or size of the chain) 
of the fatty acids found in the sample as triglycerides.[55] The 
greater the SaV, the smaller the average fatty acid length, and 
the lower the mean triglyceride molecular weight, and vice 
versa. IiV quantifies the degree of unsaturation in oil and 
fat by indicating the amount of iodine taken in by 100 g of 
the substance. The greater the IiV, the higher the amount of 
unsaturation found in the fat.[56] TBARS are generated due to 
lipid peroxidation the breakdown of fats and can be identified 
through the TBARS test with thiobarbituric acid as a reagent. 
PeVmeasures the reactive oxygen levels indicated in the meq 
of the amount of free iodine per kilogram of fat. It assesses 
how much a sample of oil has experienced initial oxidation; 
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the level of secondary oxidation can be calculated through the 
panisidine test. Because it can identify unsaturated aldehydes, 
which are more likely to yield unsatisfactory findings, it is 
instrumental in food safety monitoring.[57]

CONCLUSION

Fish oil containing high levels of omega-3 PUFAs 
offers numerous health benefits, particularly in reducing 
inflammation and managing cardiovascular risks. However, 
its high susceptibility to oxidation presents challenges related 
to reduced efficacy, unpleasant odors, and decreased shelf 
life. Encapsulation has emerged as a promising solution 
to protect fish oil from oxidation and improve its stability 
and bioavailability. Gelatin, a versatile biopolymer derived 
from various animal sources, plays a significant role in 
encapsulation. Different kinds of gelatin—PSG, BSG, and 
FG—are commonly used to encapsulate fish oil, each offering 
unique properties. PSG is favored for its excellent gelling 
properties and cost-effectiveness, whereas BSG offers thermo-
reversible advantages and is widely available. FG, derived 
from fish skin and bones, is a suitable alternative, especially 
for dietary and religious restrictions. It is considered more 
compatible with the human body due to its unique amino acid 

composition. The choice of gelatin for encapsulating fish oil 
depends on factors such as EE, sensory quality, and oxidation 
stability. While porcine and bovine gelatins are more widely 
used due to their availability and functional properties, FG is 
becoming a viable alternative, particularly in markets with 
specific dietary requirements. The ongoing development 
of encapsulation techniques continues to improve the shelf 
life and sensory attributes of fish oil products, ensuring the 
preservation of its health benefits for consumers.

REFERENCES

1.	 Eggersdorfer M, Berger MM, Calder PC, 
Gombart AF, Ho E, Laviano A, et al. Perspective: Role of 
micronutrients and omega-3 long-chain polyunsaturated 
fatty acids for immune outcomes of relevance to 
infections in older adults-a narrative review and call for 
action. Adv Nutr 2022;13:1415-30.

2.	 Stone NJ. Fish consumption, fish oil, lipids, and coronary 
heart disease. Circulation 1996;94:2337-40.

3.	 Dighriri IM, Alsubaie AM, Hakami FM, Hamithi DM, 
Alshekh MM, Khobrani FA, et al. Effects of Omega-3 
polyunsaturated fatty acids on brain functions: 
A systematic review. Cureus 2022;14:e30091.

Table 1: Comparison of different types of gelatins used in fish oil encapsulation
Types of gelatins Source Properties Advantages Limitation
1. �Porcine skin 

gelatin (PSG)
Pig skin Type A gelatin (acidic 

treatment).
Good gelling properties.
Soluble in hot water.

Cost‑effective.
Excellent gel formation 
and clarity.

Restricted in some 
markets due to 
dietary and religious 
concerns.

2. �Bovine skin 
gelatin (BSG)

Cow skin Type B gelatin (alkaline 
treatment).
Thermo‑reversible.
Strong water‑holding 
capacity.

Widely available.
Cost‑effective.
Clear and stable.

Similar to PSG in 
terms of limitations 
(dietary restrictions).

3. Fish gelatin Fish skin and bones Different amino acid 
composition from 
mammalian gelatin.
Good solubility at lower 
temperatures.

Suitable for those with 
dietary restrictions.
More compatible with 
human biology.

Weaker gel strength 
compared to 
mammalian gelatins.
Higher cost.

4. �Cold‑water fish 
Gelatin (CFG)

Cold‑water fish skin 
(e.g., Alaska pollock).

Low‑temperature gelling, 
gel formation below 11.9°C, 
lower melting point, less 
stable at high temps.

It protects 
encapsulated 
materials from 
oxidation, extends the 
shelf life of omega‑3 
fatty acids, and 
facilitates the rapid 
discharge of materials.

Less stable at higher 
temperatures and 
may not be suitable 
for hot environments.

5. �Vegetable‑Based 
Gelatin 
Alternatives

Plant‑based sources 
(e.g., red algae, fruits, 
roots).

Agar‑agar (hard, brittle gel), 
carrageenan (thickener, 
stabilizer), pectin (gel 
with sugar/acid), kudzu 
root starch (thickener), 
cornstarch (gluten‑free 
thickener).

Plant‑based, ethical, 
vegan‑friendly, 
suitable for 
health‑conscious and 
allergy‑friendly diets.

Compared to 
animal‑based 
gelatins, different 
gelling properties 
may not replicate all 
functional aspects of 
traditional gelatin.



Badkhal, et al.: Gelatins for fish oil encapsulation

Asian Journal of Pharmaceutics • Oct-Dec 2024 • 18 (4) | 1204

4.	 Gammone MA, Riccioni G, Parrinello G, D’Orazio N. 
Omega-3 polyunsaturated fatty acids: Benefits and 
endpoints in sport. Nutrients 2018;11:46.

5.	 Venugopalan VK, Gopakumar LR, Kumaran AK, 
Chatterjee NS, Soman V, Peeralil S, et al. Encapsulation 
and protection of omega-3-rich fish oils using food-
grade delivery systems. Foods 2021;10:1566.

6.	 Domingo JL. Omega-3 fatty acids and the benefits of 
fish consumption: Is all that glitters gold? Environ Int 
2007;33:993-8.

7.	 Henderson WR, Astley SJ, McCready MM, 
Kushmerick P, Casey S, Becker JW, et al. Oral absorption 
of omega-3 fatty acids in patients with cystic fibrosis 
who have pancreatic insufficiency and in healthy control 
subjects. J Pediatr 1994;124:400-8.

8.	 Yenipazar H, Şahin-Yeşilçubuk N. Effect of packaging 
and encapsulation on the oxidative and sensory stability of 
omega-3 supplements. Food Sci Nutr 2022;11:1426-40.

9.	 Østbye TK, Haugen JE, Wetterhus EM, Bergum SK, 
Nilsson A. Oxidized dietary oil, high in omega-3 and 
omega-6 polyunsaturated fatty acids, induces antioxidant 
responses in a human intestinal HT29 cell line. Nutrients 
2022;14:5341.

10.	 Klojdová I, Milota T, Smetanová J, Stathopoulos C. 
Encapsulation: A strategy to deliver therapeutics 
and bioactive compounds? Pharmaceuticals (Basel) 
2023;16:362.

11.	 Singh MN, Hemant KS, Ram M, Shivakumar HG. 
Microencapsulation: A promising technique for 
controlled drug delivery. Res Pharm Sci 2010;5:65.

12.	 Pateiro M, Gómez B, Munekata PE, Barba FJ, Putnik P, 
Kovačević DB, et al. Nanoencapsulation of promising 
bioactive compounds to improve their absorption, 
stability, functionality and the appearance of the final 
food products. Molecules 2021;26:1547.

13.	 Gheorghita R, Anchidin-Norocel L, Filip R, Dimian M, 
Covasa M. Applications of biopolymers for drugs and 
probiotics delivery. Polymers (Basel) 2021;13(16):2729.

14.	 Yang M, Peng J, Shi C, Zi Y, Zheng Y, Wang X, 
et al. Effects of gelatin type and concentration on the 
preparation and properties of freeze-dried fish oil 
powders. NPJ Sci Food 2024;8:9.

15.	 Al-Nimry S, Dayah AA, Hasan I, Daghmash R. 
Cosmetic, biomedical and pharmaceutical applications 
of fish Gelatin/Hydrolysates. Mar Drugs 2021;19:145.

16.	 Díaz-Montes E. Wall materials for encapsulating 
bioactive compounds via spray-drying: A review. 
Polymers (Basel) 2023;15:2659.

17.	 Shinde UA, Nagarsenker MS. Characterization of 
gelatin-sodium alginate complex coacervation system. 
Indian J Pharm Sci 2009;71:313-7.

18.	 Moghadam FV, Pourahmad R, Mortazavi A, Davoodi D, 
Azizinezhad R. Use of fish oil nanoencapsulated with 
gum arabic carrier in low fat probiotic fermented milk. 
Food Sci Anim Resour 2019;39:309-23.

19.	 Ninan G, Joseph J, Aliyamveettil ZA. A comparative 
study on the physical, chemical and functional properties 

of carp skin and mammalian gelatins. J Food Sci Technol 
2014;51:2085-91.

20.	 Leem KH, Lee S, Jang A, Kim HK. Porcine skin gelatin 
hydrolysate promotes longitudinal bone growth in 
adolescent rats. J Med Food 2013;16:447-53.

21.	 Mikhailov OV. Gelatin as it is: History and modernity. 
Int J Mol Sci 2023;24:3583.

22.	 Souza AM, Ribeiro RC, Pinheiro GK, Pinheiro FI, 
Oliveira WN, Souza LB, et al. Polishing the therapy of 
onychomycosis induced by Candida spp.: Amphotericin 
B-loaded nail lacquer. Pharmaceutics 2021;13:784.

23.	 Perez-Palacios T, Ruiz-Carrascal J, Solomando JC, 
De-la-Haba F, Pajuelo A, Antequera T. Recent 
developments in the microencapsulation of fish oil and 
natural extracts: Procedure, quality evaluation and food 
enrichment. Foods 2022;11:3291.

24.	 Bhatia S, Al-Harrasi A, Jawad M, Shah YA, Al-Azri MS, 
Ullah S, et al. A comparative study of the properties of 
gelatin (porcine and bovine)-based edible films loaded 
with spearmint essential oil. Biomimetics 2023;8:172.

25.	 Gaspar-Pintiliescu A, Stefan LM, Anton ED, Berger D, 
Matei C, Negreanu-Pirjol T, et al. Physicochemical and 
biological properties of gelatin extracted from marine 
snail Rapana venosa. Mar Drugs 2019;17:589.

26.	 Matulessy DN, Erwanto Y, Nurliyani N, Suryanto E, 
Abidin MZ, Hakim TR. Characterization and functional 
properties of gelatin from goat bone through alcalase 
and neutrase enzymatic extraction. Vet World 
2021;14:2397-409.

27.	 Jannat B, Ghorbani K, Kouchaki S, Sadeghi N, 
Eslamifarsani E, Rabbani F, et al. Distinguishing tissue 
origin of bovine gelatin in processed products using LC/
MS technique in combination with chemometrics tools. 
Food Chem 2020;319:126302.

28.	 Huang Y, Stonehouse A, Abeykoon C. Encapsulation 
methods for phase change materials-a critical review. Int 
J Heat Mass Transfer 2023;200:123458.

29.	 Nuñez S, Cárdenas C, Pinto M, Valencia P, Cataldo P, 
Guzmán F, et al. Bovine skin gelatin hydrolysates as 
potential substitutes for polyphosphates: The role of 
degree of hydrolysis and pH on water-holding capacity. 
J Food Sci 2020;85:1988-96.

30.	 Mikušová V, Mikuš P. Advances in chitosan-
based nanoparticles for drug delivery. Int J Mol Sci 
2021;22:9652.

31.	 Nurilmala M, Suryamarevita H, Husein Hizbullah H, 
Jacoeb AM, Ochiai Y. Fish skin as a biomaterial for halal 
collagen and Gelatin. Saudi J Biol Sci 2022;29:1100-10.

32.	 Alfaro A, Balbinot E, Weber C, Tonial I, Machado A. 
Fish gelatin: Characteristics, functional properties, 
applications and future potentials. Food Eng Rev 
2014;7:33-44.

33.	 Derkach SR, Kolotova DS, Kuchina YA, Shumskaya NV. 
Characterization of fish gelatin obtained from atlantic 
cod skin using enzymatic treatment. Polymers (Basel) 
2022;14:751.

34.	 Yang M, Peng J, Zi Y, Shi C, Kan G, Wang X, et al. 



Badkhal, et al.: Gelatins for fish oil encapsulation

Asian Journal of Pharmaceutics • Oct-Dec 2024 • 18 (4) | 1205

Encapsulation of fish oil by complex coacervation 
and freeze drying with modified starch aid. Food 
Hydrocolloids 2023;137:108371.

35.	 Fish Gelatin An Overview. ScienceDirect Topics. 
Available from: https://www.sciencedirect.com/
topics/food-science/fish-gelatin [Last accessed on 
2024 Sep 16].

36.	 Gelatin from Cold Water Fish Skin-Gelatine, Teleostean 
Gelatin. Available from: https://www.sigmaaldrich.
com/IN/en/subs tance /ge la t in f romcoldwater f i 
shskin123459000708?utm_source=google&utm_
medium=cpc&utm_campaign=15000381744&utm_
content=1294382651 15&gclid Cj0K CQjwurS3BhCGA 
RIsADdUH53rx5 r r t unRcOZyUMk2_MF7MP 
89cSGJPnYe- LyCdl3m6kE3xIilbh8aAiGmEALw_wcB 
[Last accessed on 2024 Sep 20].

37.	 Lueyot A, Rungsardthong V, Vatanyoopaisarn S, 
Hutangura P, Wonganu B, Wongsa-Ngasri P, et al. 
Influence of collagen and some proteins on gel properties 
of jellyfish gelatin. PLoS One 2021;16:e0253254.

38.	 Zhang T, Sun R, Ding M, Li L, Tao N, Wang X, et al. 
Commercial cold-water fish skin gelatin and bovine bone 
gelatin: Structural, functional, and emulsion stability 
differences. LWT 2020;125:109207.

39.	 Szenderák J, Fróna D, Rákos M. Consumer acceptance 
of plant-based meat substitutes: A narrative review. 
Foods 2022;11:1274.

40.	 Agar-An Overview. ScienceDirect Topics. Available 
from: https://www.sciencedirect.com/topics/
agricultural-and-biological-sciences/agar [Last accessed 
on 2024 Sep 21].

41.	 Rupert R, Rodrigues KF, Thien VY, Yong WTL. 
Carrageenan from Kappaphycus alvarezii (Rhodophyta, 
Solieriaceae): Metabolism, structure, production, and 
application. Front Plant Sci 2022;13:859635.

42.	 Lara-Espinoza C, Carvajal-Millán E, Balandrán-
Quintana R, López-Franco Y, Rascón-Chu A. Pectin and 
pectin-based composite materials: Beyond food texture. 
Molecules 2018;23:942.

43.	 Kudzu Starch Benefits and Uses in Healthy Cooking-
Cape Crystal Brands. Available from: https://www.
capecrystalbrands.com/blogs/cape-crystal-brands/
kudzu-starch- benefits-and-uses-in-healthy-cooking 
[Last accessed on 2024 Sep 21].

44.	 Healthline. Is Cornstarch Gluten-Free?; 2020. 
Available from: https://www.healthline.com/nutrition/
is-cornstarch-gluten-free [Last accessed on 2024 Sep 21].

45.	 Swanson D, Block R, Mousa SA. Omega-3 fatty acids 
EPA and DHA: Health benefits throughout life. Adv 
Nutr 2012;3:1-7.

46.	 Li L, Zhang F, Meng X, Cui X, Ma Q, Wei Y, et al. Fish 
oil replacement with poultry oil in the diet of tiger puffer 
(Takifugu rubripes): Effects on growth performance, 
body composition, and lipid metabolism. Aquac Nutr 

2022;2022:2337933.
47.	 Nevigato T, Masci M, Caproni R. Quality of fish-oil-

based dietary supplements available on the Italian 
market: A preliminary study. Molecules 2021;26:5015.

48.	 Franco-Duarte R, Černáková L, Kadam S, Kaushik KS, 
Salehi B, Bevilacqua A, et al. Advances in chemical and 
biological methods to identify microorganisms-from 
past to present. Microorganisms 2019;7:130.

49.	 Livache A. The Manufacture of Varnishes, Oil Crushing, 
Refining and Boiling and Kindred Industries: Describing 
the Manufacture and Chemical and Physical Properties 
of Spirit Varnishes and Oil Varnishes; Raw Materials; 
Resins; Solvents and Colouring Principles; Drying 
Oils, Their Extraction, Properties and Applications; Oil 
Refining and Boiling; The Manufacture, Employment and 
Testing of Various Varnishes. London: ScottGreenwood; 
1908. p. 252.

50.	 Boiling Point. In: Wikipedia; 2024. Available from: 
https://en.wikipedia.org/w/index.php?title=Boiling_
point&oldid=1244667626 [Last accessed on 
2024 Sep 18].

51.	 Evans DD, Mulholland GW, Baum HR, Walton WD, 
McGrattan KB. In situ burning of oil spills. J Res Natl 
Inst Stand Technol 2001;106:231-78.

52.	 Singh G, Jeyaseelan C, Bandyopadhyay KK, Paul D. 
Comparative analysis of biodiesel produced by acidic 
transesterification of lipid extracted from oleaginous 
yeast Rhodosporidium toruloides. 3 Biotech 2018;8:434.

53.	 Dongho Dongmo FF, Fogang Mba AR, Manz Koule JC, 
Njike Ngamga FH, Simo Noutsa B, Ngo Hagbe D, 
et al. Physicochemical characteristics and nutritional 
and biological properties of fish oils in Cameroon: An 
overview. J Food Q 2023;2023:1-23.

54.	 Geng L, Zhou W, Qu X, Sa R, Liang J, Wang X, et al. 
Iodine values, peroxide values and acid values of Bohai 
algae oil compared with other oils during the cooking. 
Heliyon 2023;9:e15088.

55.	 Ivanova M, Hanganu A, Dumitriu R, Tociu M, Ivanov G, 
Stavarache C, et al. Saponification value of fats and oils 
as determined from 1H-NMR data: The case of dairy 
fats. Foods 2022;11:1466.

56.	 Edible Oil Parameters during Deterioration Processes-
PMC. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC8463213 [Last accessed on 
2024 Sep 18].

57.	 Olszewska-Słonina DM, Mątewski D, Czajkowski R, 
Olszewski KJ, WoŸniak A, Odrowąż-Sypniewska G, 
et al. The concentration of thiobarbituric acid reactive 
substances (TBARS) and paraoxonase activity in blood 
of patients with osteoarthrosis after endoprosthesis 
implantation. Med Sci Monit 2011;17:CR498.

Source of Support: Nil. Conflicts of Interest: None declared.

https://www.sigmaaldrich.com/IN/en/substance
https://www.sigmaaldrich.com/IN/en/substance
https://www.capecrystalbrands.com/
https://www.capecrystalbrands.com/
https://www.healthline.com/nutrition/is
https://www.healthline.com/nutrition/is
https://en.wikipedia.org/w/index.php?title

