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Abstract

One of the essential components in cheese production is rennet, which contains enzymes that participate in the milk coagulation process. Due
to the high sensitivity to external conditions, it is necessary to carry out the immobilization procedure of the present enzymes. One of the
simple methods used to immobilize and stabilize enzymes is encapsulation in biopolymer matrices prepared by available biopolymers, sodium
alginate, and chitosan, using methods of ionic gelation and polyelectrolyte complexation. By achieving proper conditions for the concentration
of biopolymers, gelling cation, and the amount of rennet used, it is possible to tailor rennet biopolymer formulation with optimal properties and

enzyme release suitable for the cheese production process.

Introduction

Cheese is one of the most significant dairy products, dates
back to ancient times, and has a long development history in many
parts of the world. The earliest evidence of cheese production
was discovered on painted cave walls dating back to 5000 BC.
It marks the beginning of cheese production technology as well
as the employment of enzymes in the process of converting milk
into cheese. The production process of various kinds of cheese
has evolved dramatically in the last few decades, which can
be attributed to extensive scientific research that has enabled
the development of new technologies in the preparation and
production of cheeses [1]. The cheese manufacturing process is
at a high level, allowing the manufacture of functional cheeses
with outstanding features and characteristics, thanks to scientific
study and constant improvement, as well as the application of
new materials and technology.

Cheese properties are determined by the physicochemical,
microbiological, sensorial, and rheological aspects of the milk,
the genotype and phenotype of the animal, and the technical
procedure applied during cheese production [2-5]. Milk quality
and properties are directly connected with final products. Rennet
and bacterial cultures are used in the technological process of
most semi-hard and hard cheeses. Rennet is a complex collection
of enzymes generated in ruminant stomachs. Its main component,

chymosin, is a protease enzyme that curdles milk casein. Rennet
also includes enzymes other than chymosin, such as pepsin and
lipase [6]. Enzymes are biocatalytic proteins that can reduce
chemical and biological processes’ activation energy (Ea),
allowing them to proceed more quickly [7]. The problems that
limit their use in industrial production are sensitivity to external
influences (temperature, moisture, radiation, contamination, etc.),
structural and thermal instability, the possibility of contamination
of the final product due to solubility, and the possibility of reaction
with environmental components. Because of the preceding, it is
vital to investigate the possibility of minimizing the deficiencies
mentioned earlier by applying new methods, strategies, and
technologies in industrial production [8].

We can enhance enzymes characteristics and stability using
techniques and strategies such as enzyme immobilization,
modification, and protein engineering [9]. The enzyme
immobilization treatment is one of the most frequently utilized
techniques. When an enzyme molecule accumulates in or
onto some suitable matrix having a specific porosity, it is said
to be immobilized. Immobilized enzymes are more resistant
to external conditions and can be reused, reducing operation
costs. Immobilization keeps the enzyme in situ, so it is simple to
remove it from the final product and employ it in a new process.
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This highly effective technique is frequently used in industries
where enzyme-catalyzed procedures are utilized [10]. Several
techniques are used for enzyme immobilization: entrapment,
adsorption, covalent binding, encapsulation, and cross-linking
[11]. It is always important to consider enzymes’ stability/activity
ratios and possible costs in industrial production, which should
be minimal while applying efficient immobilization. An effective
enzyme immobilization technique is encapsulation in mostly
spherical microparticles of varying complexity [12]. Encapsulated
enzymes are physically separated from the curd mixture during
cheesemaking, thus protecting enzymes from degradation,
decreasing enzyme leakage, and reducing opportunities for
contamination in the processing. Enzyme released into the matrix
during ripening accelerates cheese ripening [13].

Encapsulation traps active ingredients in another substance
and prepares articles from nano to millimeter sizes [14]. The
benefits are: (i) active ingredients are protected from the
environment, (ii) their degradation during the application
decreases, (iii) lower active ingredients quantity is used, and (iv)
the most important fact is the possibility of active ingredients
delivery at specific times to the site of action [15,16]. Successful
delivery of active ingredients at the right place and time is an
attainable and desirable characteristic for all bioactive ingredient
delivery systems. In order to obtain effective microparticle
formulation, it is crucial to optimize the parameters during their
preparation (selection of the appropriate matrix for the substance
to be encapsulated and the encapsulation method/procedure).
Improved understanding of the structure-property relationship in
biopolymer-based microparticle formulations enhances the ability
to control the release properties of active ingredients and may aid
in developing microparticles with precisely tailored properties
[17]. Microparticles can be microspheres or microcapsules. A
microsphere is a matrix microparticle, whereas a microcapsule
has an inner core and outer shell. Optimizing parameters during
their preparations obtain well-designed microparticles with a
controlled release [18].

Biopolymer-based microparticles represent a cost-effective
carrier of active ingredients due to the use of inexpensive,
environmentally friendly “green” materials. Polysaccharides
such as alginate (anionic biopolymer) and chitosan (cationic
biopolymer) easily create microparticles in which an active
ingredient can be incorporated using an aqueous system at
ambient temperature. Among the many methods used for
encapsulation in biopolymer matrices, ionic gelation, and
polyelectrolyte complexation are two simple techniques for
enzyme [19,20]. Methods rely on anionic
biopolymers (sodium alginate) reacting with gelling cations
(usually calcium), forming a sphere, and electrostatic interactions
of alginate carboxyl functional groups with chitosan amino
functional groups forming a capsule. The produced particles may
readily entrap various bioactive ingredients that could be shielded
from external impacts and conveniently released at certain times
and locations [6].

immobilization

Sodium alginate is the most common encapsulation matrix
for biological components such as plant cells [22], mammalian
cells [23] yeasts [24], bacteria [25], insulin [26] and food items
[27]. Despite being extremely fast, harmless, biodegradable,
and inexpensive, encapsulation with calcium alginate into
microspheres has some drawbacks, including low efficiency,
polymer instability, particularly in alkaline environments, and
loss of encapsulated bioactive ingredients from the pores, which
may require modification of sodium alginate with cationic
polymers such as chitosan forming chitosan-coated alginate
microcapsules with improved properties such as enhanced
morphological stability, reduced enzyme leakage, and designed
physicochemical permeability and enzyme biocompatibility. The
solubility of sodium alginate is affected by the presence of specific
ions and the pH of the water. In water, sodium alginate produces
a polymeric network structure that may be cross-linked with
divalent or polyvalent cations to generate an insoluble network.
There have been instances of calcium cations cross-linking the
acid groups of alginate. The content and concentration of alginate
and the concentration of gelling cations are critical elements in
the production of alginate particles [16,28,29].

Chitosan is a naturally occurring poly (aminosaccharide)
that resembles glycosaminoglycans structurally. After the acetyl
moieties in the amine functional groups are taken out, chitosan is
easily soluble in an aqueous acidic solution. Chitosan is soluble in
acidic solutions due to the protonation of amino functional groups
on the C-2 position of the d-glucosamine residues. This causes
polysaccharides to be transformed into polycations. Chitosan can
attach to negatively charged molecules in this situation. Because
of its biological and chemical features, such as biodegradability,
safety, and non-toxicity, it is frequently utilized in the food sector
for food encapsulation, enzyme immobilization, and release [30].

Several studies have investigated enzyme immobilization
using the ionic gelation method: immobilization of L-asparaginase
[31,32] showed high encapsulation efficiency and loading
capacity, and immobilization of horseradish peroxidase retained
up to 64.9% of the residual activity after six consecutive cycles
of dye decolorization [33]. Immobilized a purified papaya laccase
[34] increased enzyme tolerance to various metal ions and
organic solvents. Various studies have investigated the process
and conditions of enzyme encapsulation via ionic gelation
and polyelectrolyte complexation. It was discovered that the
following factors influence ion gelation encapsulation processes:
polymer concentration, polymer/electrolyte ratio, concentration,
temperature, pH, and loading composition/polymer ratio [35].
The most important factor from all mentioned that influence
ion gelation encapsulation processes and the stability of gel are
polymer concentration and type of polyelectrolyte [36].

One of the most important tasks to be solved in cheese making
is adequate protection and timely delivery of rennet enzymes.
As previously mentioned, rennet is a complex set of enzymes,
and rennet encapsulation as a novel approach for preserving
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biodiversity and delivering important ingredients into cheese is
highly challenging [1]. The successful encapsulation of ingredients
essential for cheese production, i.e.,, the combination of more
than one ingredient, makes the encapsulation process even more
complex [28,29].

Despite the array of methodologies for simultaneous
encapsulation of more than one ingredient, there are only a few
data in the literature about rennet encapsulation and delivery
of present enzymes. Hosseini et al. [35] have found that factors
influencing ion gelation in rennet encapsulation processes are
polymer concentration, polymer/electrolyte ratio, concentration,
temperature, pH, and loading composition/polymer ratio, but
more studies are needed to evaluate the performance of the
enzyme in the existing system and cheese production. Recently,
Vincekovi¢ et al. [37] have found that encapsulation in alginate/
chitosan microcapsules did not negatively impact the rennet
properties keeping its activity very high.

By achieving proper encapsulation conditions, it is possible
to tailor optimal microcapsule formulation with determined
physicochemical properties (size, loading capacity, encapsulation
efficiency, stability) and to control enzyme release in time intervals
suitable for cheese production. Compared with the conventional
cheese production process, encapsulation in biopolymeric
microparticles offers numerous benefits, including additional
desirable sensory characteristics [1]. Furthermore, the effective
encapsulation of natural rennet, i.e., the use of an autochthonous
breed whose milk, including rennet, is characterized by specific
microbiological properties responsible for the characteristic
aroma of that breed, would enable the commercialization of the
production of traditional and boutique products.

Conclusion

Preserving and enhancing the biological activity and qualities
of rennet over the storage and application period is one of the
significant challenges in the cheesemaking process. New green
innovations, technologies, and processes must be used to achieve
this. One of the efficient methods is the encapsulation process.
Encapsulated rennet could be released through the porous gel
network. Sodium alginate and chitosan are biopolymers that have
excellent properties and could be used for rennet encapsulation
to improve enzyme stability and biocatalytic activity during long
periods. Several aspects, including the choice of matrix material
that affects the stability and effectiveness of the encapsulated
rennet, the encapsulation method, and the application, should
be considered before employing the microcapsule rennet
formulations in the industry.

Acknowledgment

The research was performed as part of the project: “Potential
of microencapsulation in cheese production”, KK.01.1.1.04.0058.

References

1. Ostari¢ E Antunac N, Cubric CuV, Curik (2022) Challenging Sustainable

and Innovative Technologies in Cheese Production A Review. Processes
10(3): 529.

2. Kailasapathy K (2015) Chemical Composition, Physical and Functional
Properties of Milk and Milk Ingredient, in Dairy Processing and Quality
Assurance Chichester. UK John Wiley & Sons Ltd, pp. 77-105.

3. LeeNK,MokBR,Jeewanthi RKC, Yoon YC, Paik HD (2015) Physicochemical
and Microbiological Properties of Yogurt-cheese Manufactured with
Ultrafiltrated Cow’s Milk and Soy Milk Blends. Korean ] Food Sci Anim
Resour 35(2): 205-210.

4. Myhan R, Jelinski T, Biatobrzewski I, Sadowska ], Jachimczyk E (2020)
The effect of milk fat substitution on the rheological properties of Edam-
type cheese. Eur Food Res Technol 246(12): 2443-2450.

5. Lteif L, Olabi A, Kebbe Baghdadi O, Toufeili I (2009) The characterization
of the physicochemical and sensory properties of full-fat, reduced-fat,
and low-fat ovine and bovine Halloumi. ] Dairy Sci 92(9): 4135-4145.

6. Britten M, Giroux H]J (2022) Rennet coagulation of heated milk: A review.
Int Dairy ] 124: 105179.

7. Agarwal PK (2006) Enzymes An integrated view of structure, dynamics
and function. Microb Cell Fact 5(1): 1-12.

8. Kaul P, Asano Y (2012) Strategies for discovery and improvement of
enzyme function state of the art and opportunities. Microb Biotechnol
5(1): 18-33.

9. Kim], Grate JW, Wang P (2006) Nanostructures for enzyme stabilization.
Chem Eng Sci 61(3): 1017-1026.

10. Mitropoulou G, Nedovic V, Goyal A, Kourkoutas Y (2013) Immobilization
Technologies in Probiotic Food Production. ] Nutr Metab 2013 (Article ID
716861): 1-15.

11. Tamer MT, Omer AM, Hassan M (2016) Methods of Enzyme
Immobilization. Int ] Curr Phar Res 7(6): 385-392.

12.Rother C, Nidetzky B (2014) Enzyme Immobilization by
Microencapsulation Methods, Materials and Technological Applications,
in Encyclopedia of Industrial Biotechnology. Hoboken NJ USA John Wiley
& Sons Inc, p. 1-21.

13. Kailasapathy K, Lam SH (2005) Application of encapsulated enzymes to
accelerate cheese ripening. Int Dairy ] 15(6-9): 929-939.

14. Kavitake D, Kandasamy S, Devi PB, Shetty PH (2018) Recentdevelopments
on encapsulation of lactic acid bacteria as potential starter culture in
fermented foods - A review. Food Biosci 21: 34-44.

15.John RP, Tyagi RD, Brar SK, Surampalli RY, Prévost D (2011) Bio-
encapsulation of microbial cells for targeted agricultural delivery. Crit
Rev Biotechnol 31(3): 211-226.

16. Vincekovi¢ M, Jal$enjak N, Topolovec PS, Dermi¢ E, Bujan M, et al. (2016)
Encapsulation of Biological and Chemical Agents for Plant Nutrition
and Protection: Chitosan/Alginate Microcapsules Loaded with Copper
Cations and Trichoderma viride. ] Agric Food Chem 64(43): 8073-8083.

17.Juri¢ S, Segota S, Vincekovi¢ (2019) Influence of surface morphology
and structure of alginate microparticles on the bioactive agents release
behavior. Carbohydr Polym 218: 234-242.

18.Juri¢ S, Juri¢ M, Rezek JA, Vincekovi¢ M (2021) Tailoring Alginate/
Chitosan Microparticles Loaded with Chemical and Biological Agents for
Agricultural Application and Production of Value-Added Foods Applied
Sciences 11(9): 4061.

19. Akram W, Joshi R, Garud N (2019) Polyelectrolyte Complexation and
Ionotropic Gellation: the Potential Novel Approach To Design Hydrogel
Particulate for Sustained, Modulated Drug Delivery System: a Review. Int
] Pharm Sci Res 10(8): 3563-3574.

20. Patil JS, Kamalapur MV, Marapur SC, Kadam DV (2010) Ionotropic
gelation and polyelectrolyte complexation: The novel techniques to

How to cite this article: Marko Vincekovié, Slaven Juri¢, Fabijan Ostari¢, Ana Marija Anic¢i¢ and Natasa Mikulec. Green Technologies of Rennet
Encapsulation in Biopolymeric Microparticles as Part of Cheese Production. Academ J Polym Sci. 2023; 6(1): 555676. DOI: 10.19080/AJ0P.2023.06.555676


http://dx.doi.org/10.19080/AJOP.2023.05.555676
https://pubmed.ncbi.nlm.nih.gov/26761829/
https://pubmed.ncbi.nlm.nih.gov/26761829/
https://pubmed.ncbi.nlm.nih.gov/26761829/
https://pubmed.ncbi.nlm.nih.gov/26761829/
https://link.springer.com/article/10.1007/s00217-020-03587-9
https://link.springer.com/article/10.1007/s00217-020-03587-9
https://link.springer.com/article/10.1007/s00217-020-03587-9
https://www.sciencedirect.com/science/article/pii/S0022030209707386
https://www.sciencedirect.com/science/article/pii/S0022030209707386
https://www.sciencedirect.com/science/article/pii/S0022030209707386
https://www.sciencedirect.com/science/article/abs/pii/S0958694621002077
https://www.sciencedirect.com/science/article/abs/pii/S0958694621002077
https://microbialcellfactories.biomedcentral.com/articles/10.1186/1475-2859-5-2
https://microbialcellfactories.biomedcentral.com/articles/10.1186/1475-2859-5-2
https://pubmed.ncbi.nlm.nih.gov/21883976/
https://pubmed.ncbi.nlm.nih.gov/21883976/
https://pubmed.ncbi.nlm.nih.gov/21883976/
https://www.sciencedirect.com/science/article/pii/S0009250905004999
https://www.sciencedirect.com/science/article/pii/S0009250905004999
https://www.hindawi.com/journals/jnme/2013/716861/
https://www.hindawi.com/journals/jnme/2013/716861/
https://www.hindawi.com/journals/jnme/2013/716861/
http://impactfactor.org/PDF/IJCPR/7/IJCPR,Vol7,Issue6,Article8.pdf
http://impactfactor.org/PDF/IJCPR/7/IJCPR,Vol7,Issue6,Article8.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0958694604002912
https://www.sciencedirect.com/science/article/abs/pii/S0958694604002912
https://www.sciencedirect.com/science/article/abs/pii/S2212429217302961
https://www.sciencedirect.com/science/article/abs/pii/S2212429217302961
https://www.sciencedirect.com/science/article/abs/pii/S2212429217302961
https://pubmed.ncbi.nlm.nih.gov/20879835/
https://pubmed.ncbi.nlm.nih.gov/20879835/
https://pubmed.ncbi.nlm.nih.gov/20879835/
https://pubmed.ncbi.nlm.nih.gov/27715032/
https://pubmed.ncbi.nlm.nih.gov/27715032/
https://pubmed.ncbi.nlm.nih.gov/27715032/
https://pubmed.ncbi.nlm.nih.gov/27715032/
https://www.sciencedirect.com/science/article/abs/pii/S0144861719304965
https://www.sciencedirect.com/science/article/abs/pii/S0144861719304965
https://www.sciencedirect.com/science/article/abs/pii/S0144861719304965
https://www.chalcogen.ro/241_Patil.pdf
https://www.chalcogen.ro/241_Patil.pdf

Academic Journal of Polymer science

design hydrogel particulate sustained, modulated drug delivery system:
A review. Dig ] Nanometer 5(1): 241-248.

21.Juri¢ S, Permi¢ E, Topolovec PS, Bedek M, Vincekovi¢c M (2019)
Physicochemical properties and release characteristics of calcium
alginate microspheres loaded with Trichoderma viride spores. ] Integr
Agric 18(11): 2534-2548.

22. Redenbaugh K, Paasch B, Nichol JW, Kossler ME, Vis PR, et al. (1986)
Somatic seeds: encapsulation of asexual plant embryos. Nat Biotechnol
4:797-801.

23. Lim F Sun AM (1980) Microencapsulated Islets as Bioartificial Endocrine
Pancreas. Science 210(4472): 908-910.

24. Shiotani T, Yamané T (1981) A horizontal packed-bed bioreactor to
reduce CO, gas holdup in the continuous production of ethanol by
immobilized yeast cells. Eur ] Appl Microbiol Biotechnol 13(2): 96-101.

25. Prevost H, Divies C, Rousseau E (1985) Continuous yoghurt production
with Lactobacillus bulgaricus and Streptococcus thermophilus
entrapped in Ca-alginate. Biotechnol Lett 7(4): 247-252.

26. Lim F (1983) Microcapsules Containing Viable Tissue Cells US4391909A.
Jun 05.

27.Rastogi R, Sultana Y, Aqil M, Ali A, Kumar S, et al. (2007) Alginate
microspheres of isoniazid for oral sustained drug delivery. Int ] Pharm
334(1-2): 71-77.

28.Vincekovi¢c M, Juri¢ S, Permi¢ E, Topolovec PS (2017) Kinetics
and Mechanisms of Chemical and Biological Agents Release from
Biopolymeric Microcapsules. ] Agric Food Chem 65(44): 9608-9617.

29. Vincekovi¢ M, Topolovec PS, Juri¢ S, Viski¢ M, Bujan M (2017) Release
of trichoderma viride spores from microcapsules simultaneously loaded
with chemical and biological agents. Agri Conspec Sci 82(4): 395-401.

This work is licensed under Creative
@ @ Commons Attribution 4.0 License
DOI: 10.19080/AJ0P.2023.06.555676

30.

31

32.

33.

34.

35.

36.

37.

Zhao LM, Shi LE, Zhang ZL, Chen JM, Shi DD (2011) Preparation and
application of chitosan nanoparticles and nanofibers Braz. ] Chem Eng
28(3): 353-362.

Vimal A, Kumar A (2021) Antimicrobial potency evaluation of free and
immobilized l-asparaginase using chitosan nanoparticles. ] Drug Deliv
Sci Technol 61: 102231.

Bahreini E, Aghaiypour K, Abbasalipourkabir R, Mokarram AR, Goodarzi
MT, et al. (2014) Preparation and nanoencapsulation of l-asparaginase
II in chitosan-tripolyphosphate nanoparticles and in vitro release study.
Nanoscale Res Lett 9(1): 340-352.

Bilal M, Igbal HMN, Hu H, Wang W, Zhang X (2017) Enhanced bio-catalytic
performance and dye degradation potential of chitosan-encapsulated
horseradish peroxidase in a packed bed reactor system. Sci Total Environ
575:1352-1360.

Jaiswal N, Pandey VP, Dwivedi UN (2016) Immobilization of papaya
laccase in chitosan led to improved multipronged stability and dye
discoloration. Int ] Biol Macromol 86: 288-295.

Hosseini S, Varidi M (2021) Optimization of Microbial Rennet
Encapsulation in Alginate-Chitosan Nanoparticles. Food Chem 352:
129325.

Pereira AS, Souza CPI, Moraes L, Fontes GC, Amaral PFF (2021) Polymers
as Encapsulating Agents and Delivery Vehicles of Enzymes. Polymers
13(23): 4061.

Vincekovi¢ M, Mikulec N, Ostari¢ F, Juri¢ S, Vlahovicek KK, et al. (2022)
Encapsulation and release kinetics of rennet from alginate/chitosan-
based microparticles’, 57th Croatian and 17" International Symposium
on Agriculture, Vodice, Croatia, pp. 269-269.

Your next submission with Juniper Publishers
will reach you the below assets
e Quality Editorial service
¢ Swift Peer Review
e Reprints availability
¢ E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

m How to cite this article: Marko Vincekovi¢, Slaven Juri¢, Fabijan Ostari¢, Ana Marija Ani¢i¢ and Natasa Mikulec. Green Technologies of Rennet
Encapsulation in Biopolymeric Microparticles as Part of Cheese Production. Academ J Polym Sci. 2023; 6(1): 555676. DOI: 10.19080/A]J0P.2023.06.555676


http://dx.doi.org/10.19080/AJOP.2023.05.555676
https://www.chalcogen.ro/241_Patil.pdf
https://www.chalcogen.ro/241_Patil.pdf
https://www.sciencedirect.com/science/article/pii/S2095311919626341
https://www.sciencedirect.com/science/article/pii/S2095311919626341
https://www.sciencedirect.com/science/article/pii/S2095311919626341
https://www.sciencedirect.com/science/article/pii/S2095311919626341
https://www.nature.com/articles/nbt0986-797
https://www.nature.com/articles/nbt0986-797
https://www.nature.com/articles/nbt0986-797
https://pubmed.ncbi.nlm.nih.gov/6776628/
https://pubmed.ncbi.nlm.nih.gov/6776628/
https://link.springer.com/article/10.1007/BF00499695
https://link.springer.com/article/10.1007/BF00499695
https://link.springer.com/article/10.1007/BF00499695
https://link.springer.com/article/10.1007/BF01042371
https://link.springer.com/article/10.1007/BF01042371
https://link.springer.com/article/10.1007/BF01042371
https://pubmed.ncbi.nlm.nih.gov/17113732/
https://pubmed.ncbi.nlm.nih.gov/17113732/
https://pubmed.ncbi.nlm.nih.gov/17113732/
https://acs.agr.hr/acs/index.php/acs/article/view/1191
https://acs.agr.hr/acs/index.php/acs/article/view/1191
https://acs.agr.hr/acs/index.php/acs/article/view/1191
https://www.scienceopen.com/document?vid=558842b4-3cbf-42b7-9127-6f18f0079268
https://www.scienceopen.com/document?vid=558842b4-3cbf-42b7-9127-6f18f0079268
https://www.scienceopen.com/document?vid=558842b4-3cbf-42b7-9127-6f18f0079268
https://www.sciencedirect.com/science/article/abs/pii/S1773224720315203
https://www.sciencedirect.com/science/article/abs/pii/S1773224720315203
https://www.sciencedirect.com/science/article/abs/pii/S1773224720315203
https://link.springer.com/article/10.1186/1556-276X-9-340
https://link.springer.com/article/10.1186/1556-276X-9-340
https://link.springer.com/article/10.1186/1556-276X-9-340
https://link.springer.com/article/10.1186/1556-276X-9-340
https://pubmed.ncbi.nlm.nih.gov/27720596/
https://pubmed.ncbi.nlm.nih.gov/27720596/
https://pubmed.ncbi.nlm.nih.gov/27720596/
https://pubmed.ncbi.nlm.nih.gov/27720596/
https://www.sciencedirect.com/science/article/abs/pii/S0141813016300800
https://www.sciencedirect.com/science/article/abs/pii/S0141813016300800
https://www.sciencedirect.com/science/article/abs/pii/S0141813016300800
https://www.sciencedirect.com/science/article/abs/pii/S0308814621003319
https://www.sciencedirect.com/science/article/abs/pii/S0308814621003319
https://www.sciencedirect.com/science/article/abs/pii/S0308814621003319
https://pubmed.ncbi.nlm.nih.gov/34883565/
https://pubmed.ncbi.nlm.nih.gov/34883565/
https://pubmed.ncbi.nlm.nih.gov/34883565/
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/AJOP.2023.05.555676

	Keywords
	Opinion
	References

