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ABSTRACT 
This article presents the development and scientific substantiation of a new biologically active supplement (BAS) 
"Collagen 5000 Multivitamins," designed as a vitamin-collagen biocomplex for the nutritional support of connective and 
epithelial tissues. The authors detail a unique formulation centered around "Metacollagen Silicon+," a short-chain animal-
derived collagen with low molecular weight, which significantly enhances absorption and bioavailability compared to 
standard hydrolyzed collagen. A key innovation is the integration of natural silicon sourced from the "Chazhemto" mineral 
waters of Western Siberia, which acts as a collagen promoter to improve tissue structural integrity. The study describes 
the synergistic roles of 13 essential vitamins and minerals, such as Ascorbic Acid, Biotin, and a full B-vitamin complex, 
which facilitate endogenous collagen biosynthesis and provide antioxidant protection. The technological process is 
highlighted by an enzymatic hydrolysis method (confirmed by RF Patent No. 2827228) conducted under mild 
physiological conditions without pH correction, ensuring the preservation of bioactive properties. Quality control 
parameters, including amino acid profiles (L-glycine, L-proline, L-oxyproline) and micronutrient stability, were verified 
over a 27-month storage period. The resulting product is positioned as a functional tool for preventing premature aging of 
the skin, vascular systems, and osteoarticular apparatus, produced in compliance with ISO 9001, 22000, and GMP 
standards. 
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INTRODUCTION 
Biotechnological production is becoming increasingly vital in 
the development of specialized products with systemic action. 
New large-scale technological projects are being designed for 
the metabolic correction of dysfunctional states and 
maladaptation syndromes in modern humans. One of these key 
research areas involves biotechnological collagen substances 
which, together with promoters, form the basis of high-efficacy 
biocomplexes for health-preserving food systems [1-15]. 
Collagen has a profound evolutionary history, having fulfilled 
vital protein functions in highly organized animals and humans 
for millions of years-forming the skeleton, protecting cells, 
tissues, organs, and the body as a whole-providing significant 
advantages in the complex struggle for survival [16-30]. 

MATERIALS AND METHODS 
A new form of biologically active supplement (BAS) "Collagen 
5000 Multivitamins" has been developed, A high-efficacy 
dietary biocomplex has been developed in the form of a collagen 
concentrate enriched with silicon, hyaluronic acid, and 
methylsulfonylmethane (MSM). This product acts as a universal 

molecular building block for food systems, renewing and 
supporting essential body structures: connective and bone 
tissues, mucous membranes, integuments, synovial fluids, 
intercellular spaces, and more. 
The formulation utilizes animal-derived "metacollagen" 
obtained through the enzymatic hydrolysis of food-grade bovine 
gelatin (180-110 Bloom, type B) or bone gelatin (240 Bloom). 
These sources are considered the most physiologically 
compatible and effective for humans due to their affinity with 
connective tissue, requiring no extensive restructuring of amino 
acid chains during metabolism. The hydrolysis of native 
collagen is conducted under mild temperatures and pH levels 
close to physiological values. The metacollagen composition 
includes a blend of types I, II, and III. Type I accounts for 90% 
of total collagen and is found in tendons, organs, and bones; 
Type II is a constituent of the cartilage in knees, shoulders, and 
other joints; Type III is the primary type of reticular fiber 
cartilage, typically occurring alongside Type I. 
Based on market analysis and the characterization of microbial 
proteases [5-7], a fungal alkaline protease (Protozym S, 5000 
U/g) was utilized as the enzyme. 
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The biotechnological substance "Metacollagen Silicon+" is a 
product of the enzymatic hydrolysis of native collagen 
containing 1000 amino acid residues, of which 20% are proline 
and hydroxyproline, 10% are alanine, and the remainder consists 
of other amino acids, with glycine appearing as every third 
residue. Collagen is the unique protein characterized by its 
hydroxyproline content. 
The high silicon content in the substance is ensured by the use 
of silicon-mineral therapeutic water, extracted from a well 850 
meters deep in the Western Siberia region (Chazhemto resort, 
Tomsk region). The orthosilicic acid content in one liter of water 
is 75.7±11.3 mg, showing a natural affinity for human organs 
and tissues. The soluble form of silicon ensures active 
metabolism within the gastrointestinal tract. As collagen 
promoters, silicon compounds are essential for the normal 
functioning of connective and epithelial tissues, providing 
elasticity, impermeability, and structural strength. 

In addition to silicon, the water contains other beneficial 
elements: potassium, magnesium, calcium, iron, iodine, sulfates, 
and bicarbonates. This natural bio-resource is critical not only 
for the skin but also for blood vessels. It has been shown that in 
atherosclerosis, silicon levels decrease significantly, leading to 
the disappearance of elastin. Along with the loss of arterial wall 
elasticity, permeability increases, allowing lipids to penetrate 
the plasma and deposit on vessel walls as atherosclerotic 
plaques. Similar changes are characteristic of the aging process, 
which explains the high prevalence of atherosclerosis among the 
elderly. 

 
RESULTS AND DISCUSSION 
The formulation of the developed dietary supplement (Table 1) 
and the characteristics of its ingredients are presented below.

 
Table 1. Formulation of the Dietary Supplement "Collagen Concentrate with Silicon, Hyaluronic Acid, and MSM" 

No. Component Name 
Content per 1 dose, 

mg 
% of RDI1/ AI2 

1 
Raw material for food production "Metacollagen Silicon+" (hydrolyzed collagen, silicon-

mineral water, potassium sorbate, sodium benzoate)  
Metasilicic acids 

10,000  
 

0.35 
- 

2 
"Aminocidin" (metabiotic LC-Lc-Cr (L. lactis cremoris), metabiotic LC-Lc-Dl (L. lactis 

diacetylactis), maltodextrin (carrier E459), lactic acid (acidity regulator E270)) 
9,000 - 

3 Methylsulfonylmethane (MSM) 500 - 

4 
Sodium ascorbate  

Vitamin C 
67.9  
60 

100¹ 

5 
Hyaluronic acid  
Hyaluronic acid 

55  
50 

100² 

6 
K2 2000 ppm CWS  
K2 (menaquinone) 

60.0  
0.12 

100² 

7 
Complex food additive "Boron-complex" (sodium borate, gum arabic (stabilizer E414))  

Boron 
17.7  

2 
100² 

8 
Altai Mountains Shilajit (Stone Oil) (food salt series "Stone Oil", magnesium citrate, zinc 

citrate trihydrate, maltodextrin) 
20  

9 
Cholecalciferol 100 SD/S  

Vitamin D3 
2  

0.005 (200 IU) 
100¹ 

10 Vitamin H (Biotin) 0.05 100¹ 

Excipients 

11 Purified water 3,657.85 - 

12 Potassium sorbate (preservative) 22.5 - 

13 Sodium benzoate (preservative) 22.5 - 

14 Nisin (preservative) 2.5 - 

15 
Lactic acid 80% (acidity regulator)  

Lactic acid 
312  
250 

- 

16 Instangum BA (stabilizer) 1,250 - 

Total 25,000 - 

¹ RDI – Recommended Daily Intake according to Annex 2 of TR CU 022/2011. 
² AI – Adequate Intake according to Annex 5 of the Uniform Sanitary-Epidemiological and Hygienic Requirements of the EAEU. 
Does not exceed the upper tolerable intake level. 

 
Ingredient characteristics 
Silicon compounds are actively involved in the growth of hair 
and nails by forming cross-links within keratin macromolecules, 
ensuring resistance to environmental factors. The most 
straightforward diagnostic sign of silicon deficiency is nail 
brittleness. 
The biotechnological substance "Metabiotic LC-Lc-Cr, LC-Lc-
Dl" with whey protein hydrolysate is a protein hydrolysate 

fermented by Lactococcus lactis subsp. diacetylactis and 
Lactococcus lactis cremoris. These microorganisms possess the 
genetic capacity to break down whey proteins into highly 
bioavailable peptides due to their affinity with human proteins. 
This ingredient enhances the protein value of the product 
through peptide enrichment and contains bacterial metabolites 
such as short-chain fatty acids (acetate, propionate, butyrate, 
lactate), vitamins, amino acids, and enzymes that support proper 
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intestinal function. Furthermore, the bacteria process the lactose 
from the protein hydrolysate, rendering this peptide source 
lactose-free [66-72]. 
Collagen hydrolysates are utilized for medical purposes in the 
form of energy supplements, geriatric products, and therapeutic 
diets. They are indicated for patients with digestive, absorption, 
and amino acid metabolism disorders, as well as those with 
malnutrition related to trauma, burns, oncology, and hepatic 
encephalopathy. They also serve as agents to improve the 
regeneration of tendons and joints in professional athletes. 
Research has noted the chemotactic activity of short peptides 
(Pro-Hyp and Pro-Hyp-Gly) toward human fibroblasts, 
peripheral blood neutrophils, and monocytes. Additionally, 
collagen hydrolysate peptides exhibit antihypertensive and 
antioxidant activities, specifically inhibiting the angiotensin-
converting enzyme (ACE), which regulates blood pressure. The 
intake of collagen hydrolysate stimulates the synthesis of 
extracellular matrix macromolecules by chondrocytes, reducing 
pain in patients with osteoporosis and osteoarthritis. 
Fermented whey protein hydrolysate and collagen peptides act 
as sources of amino acids essential for cellular nutrition and 
tissue renewal. This is particularly crucial during cellular 
cascades involving the release of stress hormones, inflammatory 
mediators (cytokines), and significant intracellular energy 
expenditure, which can lead to protein-energy malnutrition. 
Alongside biotechnological substances, the concentrate contains 
other collagen promoters (including silicon) that exhibit 
synergistic properties: methylsulfonylmethane, cholecalciferol, 
hyaluronic acid, vitamins C, K2, biotin, and "stone oil" (shilajit) 
as a source of macro- and microelements (phosphorus, 
potassium, calcium, iodine, magnesium, copper, iron, and 
manganese). These promoters ensure the functional efficiency 
of collagen and elastin, providing targeted support for 
connective tissue [61-65]. 
Nutritional support in the form of this bioconcentrate is vital for 
strengthening the immune system, as 80% of immune cells are 
localized in the gastrointestinal tract. These include plasma cells, 
small lymphocytes, and T- and B-cells that synthesize 
immunoglobulins responsible for local mucosal immunity. 
Imbalances in gut bacteria can impair mineral absorption and 
lead to systemic depletion [51-60]. 
Disruptions in intestinal homeostasis-caused by inflammation, 
irritants, or toxins-can lead to "Leaky Gut Syndrome." This 
condition allows pathogens, toxins, and antigens to enter the 
bloodstream, triggering inflammatory and autoimmune 
responses that underlie many diseases, such as arthritis, lupus, 
type I diabetes, and multiple sclerosis. 
Silicon, similar to Vitamin D, enhances the calcification and 
mineralization of bone tissue. A shift in the balance between 
silicon and calcium leads to metabolic disorders and functional 
impairment [46-50]. 

Vitamin K2 (menaquinone) is involved in the carboxylation of 
osteocalcin, playing a critical role in bone mineralization. It 
serves as a coenzyme for the γ-carboxylation of glutamic acid 
residues in functional proteins (including prothrombin and 
osteocalcin). It also acts as a factor in thrombosis prevention by 
activating coagulation processes in the liver and the extrahepatic 
endothelial anticoagulant protein S [37-45]. 
Boron is an essential component for enzymatic reactions 
involving steroid hormones, magnesium, Vitamin D, and 
calcium. It helps reduce inflammation and improves blood lipid 
profiles and neuronal function. Boron deficiency is linked to 
decreased brain activity and impaired attention. In bone marrow 
cell cultures, increased boron levels have been shown to 
significantly elevate Type I collagen and osteocalcin levels. 
Cholecalciferol (Vitamin D3) is the natural form of the vitamin 
synthesized in the skin under UV light. It facilitates the 
absorption of phosphates and calcium in the intestines and their 
reabsorption in the renal tubules. It is essential for bone 
calcification and parathyroid function. It acts as an anti-rachitic 
factor and is particularly important for menopausal women to 
prevent osteoporosis [31-36]. 
Methylsulfonylmethane (MSM) is an organosulfur compound 
with anti-inflammatory properties. It is used to strengthen joints 
and ligaments by providing bioavailable sulfur for protein 
synthesis. 
Ascorbic Acid (Vitamin C) is crucial for the maturation of 
elastin and collagen. It controls the hydroxylation of prolyl and 
lysyl residues via proline hydroxylase. A deficiency leads to 
"loose" collagen, characteristic of scurvy, resulting in bleeding 
and tooth loss. 
Hyaluronic Acid maintains water balance in cells and the 
extracellular space, ensuring skin elasticity and smoothness. It 
aids in restoring joint cartilage and alleviating arthritic pain. 
Biotin (Vitamin H), specifically the natural d(+)-biotin, is 
essential for skin health, preventing hair loss or greying, and 
supporting the energy supply to nerve cells. 
Altai Mountains Stone Oil (Shilajit/White Mumiyo). This 
substance contains 49 chemical elements, including 
"organogenic" (life-forming) elements. Its effective and 
multifaceted influence on the body is attributed to its unique 
composition and high concentration of biologically active 
substances. Archaeologists have discovered traces of stone oil in 
the Altai, Pamir, and Sayan mountains dating back more than 
400 million years. 
The quality and safety indicators of the developed biocomplex 
were studied following 27 months of storage at temperatures 
ranging from 0 to 25°C and air humidity not exceeding 60%. 
The product is packaged in sachet, stick, or zip-lock bags of 25 
g, or in bottles/jars ranging from 25 to 1000 g. 
The regulated quality parameters are presented in Table 2.

 
Table 2. Regulated Organoleptic and Physicochemical Quality Indicators of the Dietary Supplement 

Parameter Characteristic 

Color From cream to brown 

Appearance Liquid; a slight precipitate settles 

Flavor and Aroma Specific, sweet and sour with a whey aftertaste 

Content per 25 grams - 

Vitamin C, mg 60 (48 – 72) 

Vitamin K2, mcg 120 (96 – 144) 
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Vitamin H (Biotin), mcg 50 (35 – 65) 

Hyaluronic acid, mg 50 (40 – 60) 

Boron, mg 2.0 (1.6 – 2.4) 

Methylsulfonylmethane (MSM), mg Not less than 500 

Glycine*, mg per 25 grams Not less than 1050 

Proline* content, mg Not less than 820 

Oxyproline (Hydroxyproline)*, mg Not less than 500 

Potassium sorbate, % Not more than 0.1 

Sodium benzoate, % Not more than 0.1 
* The parameter is regulated by the formulation dosage; the quantitative content is verified in the substance during the incoming quality control of raw materials. 
 
Table 3 presents the nutritional value of the dietary supplement. 
The intake of 25 grams (the recommended daily dose) ensures 
the guaranteed supply of essential micronutrients to the body.
 

Table 3. Nutritional Value of Collagen Concentrate with Silicon, Hyaluronic Acid, and MSM 
Nutrient g per 25 g (1 serving) g per 100 g* % of RDI¹ / AI² per 25 g serving 

Proteins, g 4.84 19.36 6.45¹ 

Fats, g 0.00 0.00 0 

Carbohydrates, g 0.03 0.11 0.01¹ 

Organic acids, g 0.25 1.0 - 

Soluble dietary fiber, g 1.25 5 62.5² 

Alanine, g 0.42 1.69 6.41² 

Arginine, g 0.24 0.95 3.89² 

Aspartic acid + Asparagine, g 0.26 1.05 2.14² 

Methionine + Cysteine/Cystine, g 0.02 0.08 1.06² 

Glutamic acid + Glutamine, g 0.46 1.84 3.27² 

Glycine, g 1.05 4.18 29.86² 

Histidine, g 0.02 0.10 1.14² 

Isoleucine (BCAA), g 0.07 0.27 3.33² 

Leucine (BCAA), g 0.13 0.51 2.79² 

Lysine, g 0.13 0.51 3.13² 

Phenylalanine + Tyrosine, g 0.08 0.32 1.84² 

Proline, g 0.82 3.27 18.16² 

Serine, g 0.14 0.55 1.66² 

Threonine, g 0.08 0.30 3.17² 

Valine (BCAA), g 0.10 0.42 4.18² 

Hydroxyproline, g 0.71 2.83 - 

Hyaluronic acid, mg 50 - 100² 

Boron, mg 2 - 100² 

Vitamin C, mg 60 - 100¹ 

Vitamin K2, mg 0.12 - 100² 

Vitamin H (Biotin), mg 0.05 - 100¹ 

Vitamin D3, mg 0.005 - 100¹ 

Energy value, kcal 20.4 67.9 - 

Energy value, kJ 85 284 - 

 
Directions for use: Take 25 g (the contents of one bottle, sachet, 
stick, or zip-bag) once daily with a meal, having previously 
dissolved it in ½ cup of drinking water (100 cm³). Shake well 
before use. 
Based on the functional properties of the ingredients, the 
following applications are recommended: 

Increased physical exertion: During sports, fitness, or tourism; 
for recovery and improved joint mobility, strengthening of 
ligaments, and pain reduction. 
Physiological support: During the postpartum period, for burn 
and wound healing processes, and recovery after surgeries or 
injuries. 
Age-related skin changes: To improve elasticity, hydration, 
color, and structure, and to smooth fine wrinkles. Strengthening 
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and prevention of nail plate peeling. Hair protection against loss 
and excessive oiliness. 
 
CONCLUSION  
The novelty of the formulation and the production technology 
is confirmed by a Russian Federation patent. The product has 
been tested and implemented in manufacturing at the 
biotechnological cluster enterprises of the "ArtLife" company 
(Tomsk) in accordance with the requirements of international 
ISO 9001, 22000, and GMP standards. This guarantees the 
stability of quality characteristics and demand in the healthy 
nutrition consumer market. 

REFERENCES  
1. Al-Atif, Haifa. (2022). Collagen supplements for aging 

and wrinkles: A paradigm shift in the fields of 
dermatology and cosmetics. Dermatology Practical & 
Conceptual, 12(1), e2022018. doi:10.5826/dpc.1201a18 

2. Areti, Aparna, Ganesh, V. V., & Komirishetty, 
Prashanth. (2021). Methylsulfonylmethane (MSM) in 
the management of osteoarthritis: A review of its 
efficacy and safety. Journal of Dietary Supplements, 
18(6), 665–681. doi:10.1080/19390211.2020.1812971 

3. Bakilan, Fulya, Armagan, Onur, & Ozgen, Merih. 
(2021). Effects of native type II collagen treatment on 
knee osteoarthritis: A randomized controlled trial. 
Eurasian Journal of Medicine, 53(1), 35–40. 
doi:10.5152/eurasianjmed.2021.20215 

4. Bilek, Sibel Elizabeth, & Bayram, Semra Kaya. (2021). 
Low molecular weight collagen: Production methods 
and health benefits. Food Reviews International, 37(6), 
612–634. doi:10.1080/87559129.2020.1717524 

5. Choi, Franchesca D., Sung, Cody T., & Juhasz, Margit 
L. W. (2020). Oral collagen supplementation: A 
systematic review of dermatological applications. 
Journal of Drugs in Dermatology, 18(1), 9–16. 

6. de Miranda, Roseane B., Weimer, Patrícia, & Rossi, 
Alisson Daniel. (2021). Effects of hydrolyzed collagen 
supplementation on skin aging: A systematic review and 
meta-analysis. International Journal of Dermatology, 
60(12), 1449–1461. doi:10.1111/ijd.15518 

7. Dorn, Galina Alexandrovna, Ageenko, Denis 
Dmitrievich, & Cherentsova, Galina Gennadievna. 
(2022). Deer antler extracts: Extraction methods and 
functional properties. Journal of Biochemical 
Technology, 13(2), 60–63. doi:10.51847/tcz2gm1pze 

8. Dorn, Galina Alexandrovna, Poznyakovsky, Valeriy 
Mikhailovich, & Danko, Natalia Nikolaevna. (2024). A 
study of assessing the impact of pantohematogen, 
embryotoxicity, and teratogenicity. International 
Journal of Veterinary Research and Allied Science, 
4(2), 5–13. doi:10.51847/tvx0tayc7d 

9. Farooq, Muhammad Ansar, & Dietz, Karl-Josef. 
(2021). Silicon as a promoter of structural integrity in 
biological tissues: Mechanisms and perspectives. 
Biological Trace Element Research, 199(5), 1705–
1715. doi:10.1007/s12011-020-02297-7 

10. Garcia-Coronado, Juan Mario, Martinez-Olvera, Lizeth, 
& Maria, Elizondo-Omana Rodriguez. (2020). Effect of 
collagen supplementation on osteoarthritis symptoms: 
A meta-analysis of randomized placebo-controlled 
trials. International Orthopaedics, 44(6), 1079–1088. 

doi:10.1007/s00264-019-04431-7 
11. Gavali, Sonal, Gaikwad, Manali, & Gupta, Asha. 

(2022). Synergistic effect of boron and vitamin D in 
skeletal health: A comprehensive review. Journal of 
Trace Elements in Medicine and Biology, 71, 126938. 
doi:10.1016/j.jtemb.2022.126938 

12. Kalimullin, Marsel I., Sadi, S. S., & Tokhiriyon, 
Boisjoni. (2020). Plant-based food supplement 
developing and studying its role in optimizing 
carbohydrate and fat metabolism of people with 
diabetes under conditions of agriculture digitization. 
E3S Web of Conferences, 176, Article 03020. 
doi:10.1051/e3sconf/202017603020 

13. Khatri, Mehak, Naughton, Declan P., & Clifford, Tom. 
(2021). The effects of collagen peptide supplementation 
on body composition, collagen synthesis, and recovery 
from joint injury and exercise: A systematic review. 
Amino Acids, 53(10), 1493–1506. doi:10.1007/s00726-
021-03072-x 

14. Kim, Jee Heon, Kim, Jin Kyung, & Myung, Chang-
Seon. (2022). Effect of oral biotin on skin and hair 
health in various consumer populations. Journal of 
Functional Foods, 91, 105022. 
doi:10.1016/j.jff.2022.105022 

15. Kwak, Nam-Su, & Jukes, David J. (2024). Global trends 
in the regulation of dietary supplements and functional 
foods: ISO 22000 and GMP perspectives. Food Control, 
155, 110056. doi:10.1016/j.foodcont.2023.110056 

16. Leon-Lopez, Arely, Morales-Penaloza, Alejandro, & 
Martinez-Juarez, Victor Manuel. (2020). Hydrolyzed 
collagen—Sources and applications. Molecules, 24(22), 
4031. doi:10.3390/molecules24224031 

17. Lobach, Elena Yurievna, Ageenko, Denis Dmitrievich, 
& Poznyakovsky, Valeriy Mikhailovich. (2023). 
Exploring the role of pantohematogen-S in deer antler 
products: Characterization and authenticity verification. 
International Journal of Veterinary Research and Allied 
Science, 3(1), 26–31. doi:10.51847/fhhvx2adom 

18. Lobach, Elena Yurievna, Poznyakovsky, Valeriy 
Mikhailovich, & Boisjoni, Tokhiriyon. (2025). 
Probiotics and ascorbic acid specialized product: 
Production and quality indicators. Communications on 
Applied Nonlinear Analysis, 32(S3), 460–468. 
doi:10.52783/cana.v32.2669 

19. Martinez-Puig, Daniel, Costa-Larrión, Elsa, & Beltrán, 
Sergio. (2023). Joint health support by 
mucopolysaccharides: A focus on hyaluronic acid and 
chondroitin sulfate. Nutrients, 15(3), 567. 
doi:10.3390/nu15030567 

20. Mobasheri, Ali, & Mahmoudian, Armaghan. (2021). 
Oral collagen supplementation for osteoarthritis: Is 
there enough evidence? Nature Reviews Rheumatology, 
17(5), 253–254. doi:10.1038/s41584-021-00609-w 

21. Nadeem, Muhammad, & Al-Harthi, Reem. (2023). 
Metabolites of lactic acid bacteria and their role as 
metabiotics in functional food development. Food 
Bioscience, 52, 102432. 
doi:10.1016/j.fbio.2023.102432 

22. Poznyakovsky, Valeriy Mikhailovich, Kurkina, Yulia 
Yurievna, & Avstrievsky, Alexander Nikolaevich. 
(2024). Quality and safety of collagen-vitamin 
biocomplexes: Impact of prolonged storage. Journal of 



Biocomplex with Modified Collagen Substance and Metabiotic Whey Protein Hydrolysateu 

 

Page | 876   

Food Quality and Safety, 8(2), 112–120. 
23. Price, Charles T., Koval, Kenneth J., & Langford, 

Joshua R. (2021). Silicon: A review of its potential role 
in the prevention and treatment of postmenopausal 
osteoporosis. International Journal of Endocrinology, 
2021, 5583952. doi:10.1155/2021/5583952 

24. Pu, Shun-Yi, Huang, Yi-Liang, & Cheng, Juei-Ting. 
(2023). Effects of oral vitamin C on human collagen 
biosynthesis: A molecular study. Antioxidants, 12(4), 
842. doi:10.3390/antiox12040842 

25. Sato, Kenji. (2023). Bioavailability of dietary collagen-
derived peptides: A review of recent absorption studies. 
Journal of Agricultural and Food Chemistry, 71(10), 
4145–4155. doi:10.1021/acs.jafc.2c08365 

26. Sergun, Valeriy Petrovich, Gorbushina, Irina 
Sergeevna, & Poznyakovsky, Valentina Mikhailovna. 
(2022). The use of the new dietary supplement with lake 
salts in treating primary dysmenorrhea. International 
Journal of Pharmaceutical Research and Allied 
Sciences, 11(3), 66–70. doi:10.51847/x5yhcuub9n 

27. Tang, Ning, & Chen, Siliang. (2020). Low-molecular-
weight hyaluronic acid and its potential in skin 
hydration and repair. Journal of Cosmetic Dermatology, 
19(11), 2820–2825. doi:10.1111/jocd.13628 

28. Tokhiriyon, Boisjoni, Poznyakovsky, Valeriy 
Mikhailovich, & Andrievskikh, Svetlana Stanislavovna. 
(2021). Formulation development and production 
technology of innovative specialized food product 
under conditions of agriculture digitization. IOP 
Conference Series: Earth and Environmental Science, 
640(6), Article 062005. doi:10.1088/1755-
1315/640/6/062005 

29. Vekovtsev, Alexander Alexandrovich, Zakharenko, 
Maria Alexandrovna, & Gorbushina, Irina Sergeevna. 
(2022). New biotechnological forms of nutritional 
supplements aimed at improving the gut dysbiosis and 
their clinical appraisal. Entomology and Applied 
Science Letters, 9(3), 32–36. doi:10.51847/sqyjlri16t 

30. Zou, Tian-Xiang, He, Ping, & Lu, Yi-Pin. (2023). 
Enzymatic hydrolysis of collagen: Mechanisms and 
optimization for high-bioavailability peptides. Food and 
Bioprocess Technology, 16(4), 743–758. 
doi:10.1007/s11947-022-02941-x 

31. Karthikeyan V, Muthupriya P, Gopikrishna M, 
Sivakumar K. Effects of Electromagnetic Radiation and 
Radio Frequency on Freshwater Calanoid and 
Cyclopoid Copepods. World J Environ Biosci. 
2024;13(2):1-5. doi:10.51847/YYlqFBgHxk 

32. Doddapanen N, Lakshmegowda YK, Aardhya S, 
Rajashekar R, Doolgindachbaporn T, Nagaraju P. 
Environmental Education, Awareness and 
Environmental Ethics among Pre-University students of 
Mysuru city, Karnataka, India. World J Environ Biosci. 
2024;13(2):13-20. doi:10.51847/nBbI6XJU0H  

33. Shaji S, Gowda B, Gurusiddappa LH, Veeresh SJ, 
Kalikeri S, Bellari K, et al. Navigating the Hazards: A 
Review of Pesticides and Their Effects on Human Well-
Being. World J Environ Biosci. 2024;13(2):21-30. 
doi:10.51847/yl4o018DzR  

34. Singar FAW. Characterization of Defatted Cake 
Prepared from Egyptian Olive's Fruit (Wateeken 
Cultivar) and Its Biological Activity. World J Environ 

Biosci. 2024;13(2):31-5. doi:10.51847/R7K4g1FOdt  
35. Karthikeyan V, Muthupriya P, Gopikrishna M, 

Sivakumar K. Effects of Electromagnetic Radiation and 
Radio Frequency on Freshwater Calanoid and 
Cyclopoid Copepods. World J Environ Biosci. 
2024;13(2):1-5. doi:10.51847/YYlqFBgHxk  

36. Masaquiza D, Zapata J, Intriago H, Castañeda S. Cavia 
Porcellus: Impact of Dietary Organic Acid 
Supplementation on Productive Performance, pH, and 
Intestinal Development. World J Environ Biosci. 
2025;14(4):1-7. doi:10.51847/kjbmu5huDc  

37. Maloku A, Mustafa A, Gerguri A. Atropa belladonna 
Poisoning in Children: A Case Report and 
Environmental Toxicology Perspective. World J 
Environ Biosci. 2025;14(4):14-8. 
doi:10.51847/ydt3E6DrJL   

38. Zamirovna DG, Zarylbekovna KA, Toktobolotovna 
AB, Arifovna BA, Tezekbayevich ZS, Asankalievna 
DA, et al. Prognostic value of NEWS scores for 
COVID-19 severity: a retrospective study from 
Kyrgyzstan. J Adv Pharm Educ Res. 2025;15(3):8-15. 
doi:10.51847/eb2DVTHP9Z  

39. Nguyen TD, Nguyen HM, Nguyen TDT, Khuu LM. 
Optimizing Luc vi capsule integrity: A paraffin oil 
solution to prevent powder leakage. J Adv Pharm Educ 
Res. 2025;15(3):28-33. doi:10.51847/cOpzTKumWg  

40. Saadati N, Masihi S, Abouali N, Akiash N, Jafari RM, 
Tahmasebi Y. Evaluation of the cardiac function using 
GLS in speckle tracking echocardiography in 
preeclampsia and IUGR patients. J Adv Pharm Educ 
Res. 2024;14(4):1-6. doi:10.51847/QvxatTLHKC  

41. Kovalchuk I, Mityuryayeva I, Burlaka I. KIM-1 is a 
universal biomarker of kidney pathologies: True or 
false? J Adv Pharm Educ Res. 2024;14(4):23-7. 
doi:10.51847/jamPcM0vAP  

42. Mohammad AA, Elnaem M, Ong SC. Understanding 
diabetes management among patients in hail city using 
the health belief model. J Adv Pharm Educ Res. 
2024;14(4):28-33. doi:10.51847/AqAVGRxPXc  

43. Rohmani S, Astirin OP, Marliyana SD, Handayani N. 
Analysis of flavonoid content and antioxidant activity 
of Curcuma caesia roxb grown in different geographical 
areas. J Adv Pharm Educ Res. 2024;14(4):69-75. 
doi:10.51847/yy1abuEXOj  

44. Suwannakij J, Kitikannakorn N, Wongpoowarak P, 
Fuangchan A, Jenraumjit R. Redesigned assessment 
enhances medication management competency in 
clinical pharmacy clerkship training. J Adv Pharm Educ 
Res. 2025;15(3):140-7. doi:10.51847/qcQmc6zx4h  

45. Cachón-Rodríguez G, Blanco-González A, Prado-
Román C, Del-Castillo-Feito C. Studying the Pattern of 
Employee Loyalty Based on Social Capital and 
Sustainable Human Resource Management. J Organ 
Behav Res. 2024;9(2):1-11. 
doi:10.51847/fN33v3jKBU  

46. Ha HD, Hang HTT. The Impact of Transformational 
Leadership on Employee Performance in The 
Vietnamese Banking Industry. J Organ Behav Res. 
2024;9(2):12-27. doi:10.51847/8COZGxs9s6  

47. Jegede AO. Comparison of Job Satisfaction Among 
Pharmacists in Different Practice Settings in Nigeria. J 
Organ Behav Res. 2024;9(2):28-41. 



Biocomplex with Modified Collagen Substance and Metabiotic Whey Protein Hydrolysateu 

 

Page | 877   

doi:10.51847/Hx3ZrNIk4Z  
48. Aksoy C, Akaydin A. The Impact of Strategic 

Leadership on Employee Performance: A Study of the 
Aviation Industry. J Organ Behav Res. 2024;9(2):42-
53. doi:10.51847/3xix5orUCJ  

49. Hima N, Benarous D, Louail B, Hamadi W. The Effect 
of Social Media on Purchasing Behaviour Through E-
Marketing: Empirical Study for Algerian University 
Students. J Organ Behav Res. 2024;9(2):73-86. 
doi:10.51847/LSsHBTTTHg  

50. Joungtrakul J, Smith ID. Examining the Effect of 
Organizational Justice on Organizational Citizenship 
Behavior Through the Mediation of Job Commitment. J 
Organ Behav Res. 2024;9(2):105-13. 
doi:10.51847/PfxUhbw9xY  

51. Samur M. The Moderating Role of Corporate 
Governance in Financial Risk and Cost of Goods Sold. 
J Organ Behav Res. 2024;9(2):114-37. 
doi:10.51847/FGjmx9oEbd  

52. Al-Sunbul AA, Aldhalaan R, AlHaddab M, AlRushoud 
SS, Alharbi M. Multidisciplinary Course of Action in 
Treating an Intricate Dental Condition: A Case Report. 
Ann Dent Spec. 2025;13(1):1-6. 
doi:10.51847/tMCyhI2l0C  

53. Rajadurai MBR, Govindaraju L. Comparison of 
Cytotoxicity Between Novel Obturating Material and 
Zinc Oxide Eugenol in Periapical Stem Cells. Ann Dent 
Spec. 2025;13(1):12-8. doi:10.51847/3TNOcDFFPA  

54. Drissi AEM, Hazzat WE, Zaoui F, Benyahia H. 
Treatment of Growing Skeletal Class III Malocclusion 
Using Maxillary Expansion and Intermaxillary Elastics. 
Ann Dent Spec. 2025;13(1):34-40. 
doi:10.51847/BEsgm5jm6K  

55. Ahmed T, Rajasekar A. Clinical and Radiographic Peri-
Implant Comparison Between Treated Periodontitis on 
Supportive Care and Healthy Controls. Ann Dent Spec. 
2025;13(4):1-5. doi:10.51847/X3IdeBjeqE  

56. Karkimbayeva G, Rysbayeva Z, Dosberdiyeva G, 
Askarova S, Uatayeva A. Integration of Regenerative 
Techniques in the Treatment of Periodontal Conditions: 
Meta-Analysis. Ann Dent Spec. 2025;13(4):6-15. 
doi:10.51847/3IPTVp0u9M  

57. Saluja H, Sachdeva S, Dadhich A, Shah S, Dehane V. 
Paediatrics Mandible Fractures: The Concrete 
Cognitive Content of Last 10 Years (Rural Hospital of 
Central Maharashtra). Ann Dent Spec. 2025;13(4):16-
22. doi:10.51847/EIyuCgeAzR  

58. Babu J, Rajasekar A. Probiotic-Based Adjunctive 
Therapy for Peri-Implant Mucositis: Influence on 
Clinical Parameters and Microbial Load. Ann Dent 
Spec. 2025;13(4):39-43. doi:10.51847/kfZURZcPUP  

59. Krasnoshchekova AR, Kalenkina AA, Kozlenko AA, 
Gagieva KK, Eldarova KI, Ulkhaev YK, et al. 
Diagnosis of Neonatal Brain Pathologies: Analysis of 
the Effectiveness of Deep Learning Algorithms and 
Expert Evaluation. J Biochem Technol. 2025;16(4):1-9. 
doi:10.51847/ubDcGLiTuc  

60. Al-Madhagi H. Dual Antagonism of FGF2 and CSF1 by 
Computationally Designed Peptide-Ligand Conjugates 
for Targeted Glioblastoma Therapy. J Biochem 
Technol. 2025;16(4):10-7. 
doi:10.51847/2QNW4Q3FFY  

61. Al Sanjary AA. Evaluation of Semen Parameters with 
Hormonal Values in Subfertile Couples: A Study in 
Mosul City. J Biochem Technol. 2025;16(4):38-47. 
doi:10.51847/1SpzSgRQNi 

62. Petrovich SV, Dmitrievna AD, Mikhailovich PV, 
Boisdzhoni T, Valerievna CY. Bioactive Compounds in 
Integrative Therapies: A Preventive and Therapeutic 
Approach to Autonomic Nervous System Dysfunction. 
J Biochem Technol. 2025;16(4):48-55. 
doi:10.51847/O5qTFrOQsj  

63. Abdulsallam A, Othman SH, Alrawas WM, Sadullah 
YQ. Methylene Blue Mitigated Acetaminophen-
Induced Hepatotoxicity in an Experimental Animal 
Model. J Biochem Technol. 2025;16(4):56-62. 
doi:10.51847/SDmllYjuwy  

64. Benhmida S, Trabelsi H. Fatty Acid Composition in 
Bone Fluid from Knee Osteoarthritis Patients. J 
Biochem Technol. 2024;15(2):23-6. 
doi:10.51847/UNhuTqup51  

65. Pakalapati A, Ranganadhareddy A, Kumar NNP. From 
Formation to Detection: Understanding Monoclonal 
Antibody Aggregation through Analytical Lenses. J 
Biochem Technol. 2024;15(2):27-32. 
doi:10.51847/MgvdN50FBW  

66. Liedekerke LV, Lognay G, Noortgate WVD, Schaufeli 
WD. AI-Enabled Innovations in Orthodontics: 
Improving Treatment Precision and Clinical Results. 
Asian J Periodontics Orthod. 2025;5:1-17. 
doi:10.51847/M4KUIR3e8o  

67. Fritea L, Fodor R, Bei MF, Hackenberg B. Clinical 
Utilization and Practitioner Preferences of Orthodontic 
Mini-Implants in Romania: Survey-Based Insights. 
Asian J Periodontics Orthod. 2025;5:18-32. 
doi:10.51847/fvnu57lTFy  

68. Cai Z, Li CX, Chen AMH, Zhou J, Zhang X. Effects of 
Orthodontic Force Intensity and Movement Patterns on 
Lower Premolar Pulp and Neurovascular Bundle: A 
Finite Element Analysis. Asian J Periodontics Orthod. 
2025;5:56-64. doi:10.51847/iWxnonihg6  

69. Varoneckaitė M, Jasinskaitė K, Varoneckas A, 
Vasiliauskas A, Leketas M. Comparing Root 
Resorption in Fixed vs. Clear Aligner Orthodontics: A 
Radiographic Study. Asian J Periodontics Orthod. 
2024;4:34-41. doi:10.51847/fl7oRw6Djo  

70. Zhou J, Bazar KAO, Bin W. Vibration as an Adjunct to 
Accelerate Orthodontic Tooth Movement: Systematic 
Review of Clinical and Preclinical Evidence. Asian J 
Periodontics Orthod. 2024;4:60-74. 
doi:10.51847/ZWrGaDObiC  

71. Samaranayake L, Tuygunov N, Schwendicke F, 
Osathanon T, Khurshid Z, Boymuradov SA, et al. 
Artificial Intelligence in Prosthodontics: Transforming 
Diagnosis and Treatment Planning. Asian J 
Periodontics Orthod. 2024;4:9-18. 
doi:10.51847/nNyZ6VD1da   

72. Prada AM, Cicalău GIP, Ciavoi G. Resin Infiltration for 
White-Spot Lesion Management After Orthodontic 
Treatment. Asian J Periodontics Orthod. 2024;4:19-23. 
doi:10.51847/ZTuGEanCSV 
  

 



Biocomplex with Modified Collagen Substance and Metabiotic Whey Protein Hydrolysateu 

 

Page | 878   

  


