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Abstract: Sea cucumber peptides are an important marine biological resource, and their peptide 

components not only have rich nutritional value, but also exhibit various biological activities, such as 

antioxidant, anti-inflammatory, anti-tumor, blood pressure lowering, immune regulation, etc. These 

characteristics make it play a significant role in delaying aging, improving metabolism, and enhancing 

immunity, providing a theoretical basis for its application in food and health products. Therefore, in-

depth research on the structure, function, and mechanism of action of sea cucumber peptides is of great 

significance for developing new health products and promoting the sustainable utilization of marine 

biological resources. This article reviews the way to prepare, structural identification, biological activity 

and mechanism of action, current application status in different fields, challenges and solutions faced by 

sea cucumber peptides in market applications, and future prospects of sea cucumber peptides. It provides 

a solid theoretical basis for achieving efficient utilization of sea cucumber peptides through 

technological innovation, expanding application scenarios, and strengthening safety research in the 

future. 
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1. Introduction 

With the increasing demand for health and nutrition, sea cucumber peptides are receiving more and 

more attention due to their high biological activity and good absorption. Sea cucumber peptides have a 

lower molecular weight and are more easily absorbed and utilized by the human body, thereby increasing 

their application value in health products and functional foods. With the development of biotechnology, 

the extraction, separation, and purification technology of sea cucumber peptides continues to advance, 

making their application prospects in the pharmaceutical, cosmetics, and food industries even broader. 

In recent years, sea cucumber peptides extracted from sea cucumbers have become a research hotspot 

due to their unique biological activity. Sea cucumber peptide is a small molecule peptide obtained by 

enzymatic hydrolysis of sea cucumber collagen and other components. It has various biological activities 

such as antioxidant, hypotensive, anti fatigue, anti-tumor, anti-inflammatory, and promotion of collagen 

production. Research has shown that sea cucumber peptides exert their anti-tumor and immune 

regulatory effects by regulating cellular signaling pathways such as PI3K/AKT, ERK1/2/p38 MAPK/NF 

- κ B)In addition, sea cucumber peptides have shown promising application prospects in the field of 

cosmetics, such as improving skin texture, repairing skin barriers, and antioxidation [2]. 

According to the 2023 China Fisheries Yearbook, the total industry chain output value of China's sea 

cucumber industry has reached 120.8 billion yuan. In addition, the "2023 China Sea Cucumber Food 

Consumption Market Research Report" released by iMedia Consulting shows that the market size of the 

entire sea cucumber industry chain in China will be 132.6 billion yuan in 2023, and it is expected to reach 

163.66 billion yuan by 2026[91]. This indicates that the overall market for sea cucumber industry is 

growing rapidly. Although the sales revenue of sea cucumber peptides was not directly mentioned, it can 

be inferred that with the expansion of the sea cucumber industry and the increasing demand for health 

supplements from consumers, sea cucumber peptides, as a deep processed product of sea cucumbers, 

have great market potential. Especially after the epidemic, consumers' demand for high-end tonics has 

increased, further promoting the development of the sea cucumber peptide market [90]. 
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Refer to sales data from other industries for comparison. For example, in 2015, the sales of the top 

three leading companies in the global peptide market all exceeded $40 billion [92], indicating the 

enormous market potential of peptide products. Although sea cucumber peptides belong to a specific 

niche market, their market prospects cannot be ignored. The sales situation is shown in Fig.1 

 

Figure 1: The diagram shows sales for the top three leading companies on the global peptide market 

2015 (in blue) and the peptide top sellers 2015 (in yellow) 

The diagram does not include insulin products and peptide vaccines[92] 

2. Preparation Technology of Sea Cucumber Peptides 

2.1. Enzymatic Hydrolysis Method 

Enzymatic hydrolysis is a technique that uses enzymatic catalysis to hydrolyze large protein 

molecules into small peptides. The principle is to use proteases (such as trypsin, neutral protease, alkaline 

protease, etc.) to specifically cleave peptide bonds in proteins, thereby generating sea cucumber peptides 

with specific biological activities. Commonly used proteases include alkaline protease, neutral protease, 

trypsin, flavor protease, papain, bromelain, and pepsin [9]. These enzymes exhibit different hydrolysis 

efficiencies and product characteristics under different pH, temperature, and time conditions [10]. 

The type of enzyme has a significant impact on the yield and activity of sea cucumber peptides. For 

example, alkaline proteases have shown the highest degree of hydrolysis and antioxidant activity in some 

studies, while neutral proteases have been shown to be the best choice in multiple experiments [10-12]. In 

addition, the combination of different enzymes may also improve hydrolysis efficiency and product 

diversity [9]. 

 The enzymatic hydrolysis conditions (such as temperature, pH value, time, enzyme dosage, etc.) also 

have a significant impact on the yield and activity of sea cucumber peptides. Research has shown that 

optimizing enzymatic hydrolysis conditions (such as temperature of 55 ℃, pH 8.0, enzyme dosage of 

0.79%, and enzymatic hydrolysis time of 3.93 h) can significantly improve the degree of hydrolysis and 

the antioxidant activity of the products [13-14]. In addition, new technologies such as microwave-assisted 

enzymatic hydrolysis are also considered feasible methods to improve hydrolysis efficiency [9]. 

 The advantage of enzymatic hydrolysis is that its mild conditions (such as room temperature or low 

temperature) can retain more bioactive components, and the product has good solubility and 

bioavailability [9]. However, enzymatic hydrolysis also has certain limitations, such as high cost, difficulty 

in fully meeting product purity requirements, and strong dependence on certain enzymes [9]. Therefore, 

future research should further optimize the enzymatic hydrolysis process, improve the purity and activity 

of the products, to meet the needs of different application fields. 

2.2. Other Preparation Methods 

2.2.1. Chemical Hydrolysis Method 

Principle: Chemical hydrolysis (Note: The term may be inaccurate; it is more appropriately called 

"enzymatic hydrolysis" in this context) refers to the process of hydrolyzing sea cucumber protein using 

exogenous enzymes, such as trypsin, alkaline protease, and neutral protease, to break down the protein 

into amino acids and small peptides. This method relies on the catalytic activity of enzymes. By 

controlling parameters including temperature, pH value, enzyme dosage, and reaction time, hydrolysis 

efficiency can be improved[21-23]. 
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Chemical hydrolysis is commonly used to prepare sea cucumber peptides, especially after optimizing 

hydrolysis conditions, which can significantly improve hydrolysis degree and peptide yield [21] [23-24]. 

For example, using alkaline protease at 54 ℃ and pH 9.0 can increase the hydrolysis degree of sea 

cucumber viscera to 67.19% [23].By using ultrafiltration and nanofiltration techniques, peptides and 

oligopeptides in the hydrolysate can be separated and graded, further improving the purity and 

antioxidant activity of the products [25-26]. 

Advantages: Easy to operate, easy to control reaction conditions. The molecular weight distribution 

of the product can be flexibly controlled by adjusting the enzyme type and reaction parameters [21-22]. The 

product exhibits high antioxidant activity, especially in the small molecular weight range [26-27]. 

Disadvantage: Requires exogenous enzymes, high cost. The enzymatic hydrolysis process may 

produce a significant amount of impurities, which require further purification [23] [25]. 

High requirements for equipment and strict operating conditions [21-22]. 

2.2.2. Self Dissolution Method 

Principle: The autolysis method utilizes proteases (such as protease B, L, etc.) produced by sea 

cucumbers themselves to promote autolysis of their body walls and intestines under specific conditions 

(such as temperature, pH, light, etc.), thereby releasing proteins and peptides. This method does not 

require external enzymes and relies on the physiological mechanism of sea cucumber itself [28-29]. 

Application: The autolysis method is commonly used to prepare sea cucumber intestinal peptides, 

with a hydrolysis degree of up to 38.8% to 57.8% [24] [27] [29]. For example, at 48.3 ℃ pH 4.43、 Under 

the conditions of a feed to liquid ratio of 1:3 and an autolysis time of 4 hours, the TCA soluble 

oligopeptide content of sea cucumber intestine autolysis was the highest [30]. Sea cucumber peptides 

prepared by autolysis method exhibit high antioxidant activity, especially in the small molecular weight 

range [27-29]. 

Advantages: No need for exogenous enzymes, lower cost. The product has natural sources and high 

safety. Under autolysis conditions, the antioxidant activity of sea cucumber peptides is strong, especially 

in the small molecular weight range [27-29]. 

Disadvantages: The autolysis process is influenced by various factors, such as temperature pH、 The 

difficulty of controlling lighting and other factors is relatively high [28-29]. Long autolysis time may lead 

to a decrease in the quality of sea cucumber and affect subsequent processing [27-28]. The product may 

contain a significant amount of impurities and requires further purification [23] [25]. 

Chemical hydrolysis and autolysis have their own advantages and disadvantages, and are suitable for 

different application scenarios. The chemical hydrolysis method is flexible and highly controllable, but 

the cost is relatively high; The autolysis method has low cost and high safety, but the control conditions 

are difficult. Both can effectively prepare sea cucumber peptides with antioxidant activity, providing 

multiple technical pathways for deep processing of sea cucumbers [24] [28-29]. 

2.3. Research progress and prospects of preparation technology 

The current research progress in preparation technology is mainly reflected in the following aspects: 

Development of new preparation methods: In recent years, new preparation methods such as single-phase 

solution freeze-drying technology, novel O/W emulsification technology（as shown in Fig.2）, cross 

flow mixing technology, and continuous flow reaction technology have been invented, providing new 

paths for industrial production. In addition, bottom up nano preparation technology has achieved 

continuous production, significantly improving production efficiency and product quality [31]. It’s shown 

in Fig.3 

 

Figure 2: New emulsification technology Pickering lotion 
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Figure 3: Method for synthesizing nanoparticles in continuous flow reactor - Kexin Microfluidics 

Breakthrough in industrial preparation technology: The invention of continuous flow process, 

combined with linearly scalable equipment, effectively solves the technical threshold problem in 

industrial production. Meanwhile, by combining four key processes, the preparation of all nanomedicines 

has been achieved [31] .The process flow is shown in Fig.4 

 

 

Figure 4: Production method of continuous flow synthesis process for tert butyl peroxy-2-ethylhexyl 

carbonate with infinite amplification effect 

Development of multi method coupling technology: In the preparation of bioactive peptides, the 

combination of multiple separation methods (such as ultrafiltration gel filtration chromatography ion 

exchange chromatography) has been widely used, which not only improves the purity, but also saves 

time and cost [34]. 

Innovation in Materials Science: In the field of new materials, research directions include high-

strength and high conductivity copper alloys, special layered composite materials, high-performance 

special steels, etc., emphasizing the relationship between material composition, microstructure, and 

properties, and developing new technologies for short process, near final shape, efficient, and low-cost 

preparation and forming processing [33]. 

Continuous progress in pharmaceutical technology: In terms of drug synthesis and formulation 

development, new drug synthesis methods, targeted delivery systems（as shown in Fig.5）, drug 

stability research, and other advancements have been made, driving innovation in drug formulations [37]. 
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Figure 5: Tumor imaging and drug targeted delivery system based on ferritin nanoparticles 

Innovation of traditional Chinese medicine preparations: A new method of "integrating medicine and 

auxiliary materials" has been proposed to enhance the stability of the preparation and reduce the impact 

of external excipients on drug efficacy, but its mechanism of action and testing standards still need further 

research [38]. 

The application of modern instrument analysis technology: chromatography-mass spectrometry (GC-

MS, LC-MS) has been widely used in the study of traditional Chinese medicine processing mechanisms, 

providing strong support for the analysis of Chinese medicine components and the exploration of 

processing processes [39]. 

Future research directions 

Technological development: Continue to explore new preparation methods, such as atomic layer 

deposition (ALD)（as shown in Fig.6）, molecular beam epitaxy (MBE), etc., to improve the accuracy 

and performance of materials [36]. 

 

Figure 6: Atomic Layer Deposition (ALD) 

Multi method combination: Further develop multi method combination technology, such as the 

combination of multiple separation methods, to improve the separation and purification efficiency and 

quality of complex samples [34]. 

Intelligence and automation: promote the development of intelligent preparation and processing 

technology, achieve precise control of material properties throughout the entire process, and improve 

production efficiency and product quality [33]. 
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Green and Sustainable Preparation: Developing environmentally friendly preparation methods, 

reducing energy consumption and pollution, and promoting the development of green manufacturing 

technology [32]. 

Standardization and mechanism research of traditional Chinese medicine preparations: Improve the 

scientific mechanism and testing standards of new methods such as "drug adjuvant integration", and 

promote the standardization and modernization of traditional Chinese medicine preparations [38].The 

process is shown in Fig.7 

 

Figure 7: Guidelines and Process for Filing Application of Traditional Chinese Medicine 

Preparations Prepared by Medical Institutions in Hunan Province Using Traditional Techniques 

Interdisciplinary integration: Strengthen the integration of multiple disciplines such as materials 

science, biotechnology, and chemometrics to promote the development of new drugs and materials [39]. 

The existing preparation technologies have made significant progress in multiple fields, and in the 

future, we should continue to focus on technological innovation, method integration, intelligent and green 

development to promote further development in related fields. 

3. Biological Activity and Mechanism of Action of Sea Cucumber Peptides 

3.1. Antioxidant activity 

Sea cucumber peptides have significant antioxidant effects, mainly achieved through various 

mechanisms such as clearing free radicals, inhibiting lipid peroxidation, and activating antioxidant 

enzyme systems. Firstly, sea cucumber peptides can effectively eliminate free radicals such as DPPH 

radicals, hydroxyl radicals, and superoxide anion radicals, thereby reducing oxidative damage [53]. 

Secondly, sea cucumber peptides inhibit lipid peroxidation reactions and prevent the generation of 

reactive oxygen species by chelating metal ions such as iron and copper [54]. In addition, sea cucumber 

peptides can enhance the body's antioxidant defense ability by regulating the activity of antioxidant 

enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH Px) [55]. 

In terms of molecular mechanisms, sea cucumber peptides may enhance antioxidant stress response by 

activating the nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway, upregulating the 

expression of antioxidant related genes [56]. Meanwhile, sea cucumber peptides can also inhibit the 

nuclear factor kappa B (NF - κ B) signaling pathway, reduce the release of inflammatory factors, and 

further exert antioxidant effects [56]. In summary, sea cucumber peptides work synergistically through 
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multiple mechanisms, effectively clearing free radicals（as the example shown in Fig.8）, inhibiting 

lipid peroxidation, and regulating antioxidant enzymes and signaling pathways, thereby exerting 

antioxidant functions. 

 

Figure 8 :Scavenging rates H. marmoreus peptides on DPPH (A), •OH (B), ·O2- (C) radicals. 

Different letters in the same indicators indicate significant differences (p < 0.05) 

3.2. Anti fatigue activity 

The enhancement effect of sea cucumber peptides on exercise ability is mainly reflected in 

prolonging exercise time and reducing fatigue. Research has shown that sea cucumber peptides exert 

anti fatigue effects by enhancing energy metabolism, regulating oxidative stress, and inflammatory 

responses. Specifically, sea cucumber peptides can promote fat breakdown metabolism and 

gluconeogenesis, enhance mitochondrial energy supply capacity, and maintain energy homeostasis 

during exercise [57]. In addition, sea cucumber peptides can increase mitochondrial copy number and 

ATP production capacity, further enhancing exercise endurance [58].  

In terms of oxidative stress, sea cucumber peptides enhance antioxidant capacity and reduce the 

accumulation of reactive oxygen species (ROS) by regulating the NRF2 and AMPK signaling pathways, 

thereby protecting cells from oxidative damage [59]. Meanwhile, sea cucumber peptides can also reduce 

the levels of inflammatory factors such as IL-6 and TNF - α, inhibit the phosphorylation of NF - κ B, 

and thus alleviate the inflammatory response caused by exercise [57]. These mechanisms work together 

to enable sea cucumber peptides to effectively alleviate fatigue and improve exercise performance after 

exercise. Results are shown in Table 1. 

Table 1. Results of a review of the effects of sea cucumbers on oxidative stress and inflammation due to 

exercise[60] 
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3.3. Immune Regulatory Activity 

Sea cucumber peptides have significant regulatory effects on the immune system, mainly reflected in 

the regulation of immune cell proliferation and cytokine secretion. Research has shown that sea cucumber 

peptides can activate macrophages, induce the production of nitric oxide (NO) and various cytokines, 

such as interleukin (IL-1 β, IL-2, IL-4, IL-6, IL-10) and interferon - γ (IFN - γ), thereby enhancing 

immune response [61]. In addition, sea cucumber peptides can enhance the immune function of mice by 

promoting the proliferation of T and B lymphocytes, especially in the dexamethasone induced immune 

deficiency model, showing significant immune enhancement effects [62]. 

In terms of mechanism, sea cucumber peptides exert immunomodulatory effects by regulating 

immune cell signaling pathways. For example, sea cucumber peptide (SCP) enhances lymphocyte 

proliferation and cytokine production by activating the CD3 Zeta and ZAP-70 signaling pathways of T 

cells, thereby exerting immune regulatory functions [63]. In addition, sea cucumber peptides (SOP) can 

stimulate the differentiation of Th cells, promote the secretion of cytokines and the production of 

antibodies, thereby enhancing cellular and humoral immune functions [64]. In transcriptomic studies, sea 

cucumber coelomic cells showed significant enrichment of Th1 and Th2 cell differentiation signaling 

pathways under different immune stimuli, further supporting the mechanism of sea cucumber peptides 

exerting immune regulatory effects by regulating immune cell signaling pathways [65]. 

3.4. Hypotensive activity 

The hydrolysis product of conch enzyme has an IC50 value of 9.8 μM and exhibits strong competitive 

inhibitory activity[68]. Similarly, ACE inhibitory peptides extracted from kelp also showed significant 

antihypertensive effects [69]. 

Sea cucumber peptides inhibit the activity of ACE by binding to its active site, thereby reducing the 

production of angiotensin II and achieving the effect of lowering blood pressure. This mechanism not 

only provides new ideas for the treatment of hypertension, but also provides a theoretical basis for the 

development of natural and safe ACE inhibitors [66-68]. 

3.5. Other biological activities 

Sea cucumber peptides have various biological activities, including antibacterial, anti-tumor, 

antioxidant, anti fatigue, blood pressure lowering, and improving learning and memory. Its antibacterial 

effect is mainly achieved by inhibiting bacterial growth and disrupting cell membrane structure [70]. The 

anti-tumor mechanism involves inducing tumor cell apoptosis, inhibiting angiogenesis, and blocking key 

signaling pathways such as PI3K/AKT [71-72]. The antioxidant activity reduces oxidative stress by clearing 

free radicals and enhancing antioxidant enzyme activity (such as SOD and GSH Px) [72]. In addition, sea 

cucumber peptides can enhance learning and memory abilities by regulating neurotransmitters and 

improving synaptic function [73]. These mechanisms of action indicate that sea cucumber peptides have 

broad application prospects in health promotion and disease treatment. 

4. The Current Application Status of Sea Cucumber Peptides in Different Fields 

4.1. Application in the Field of Medicine 

Sea cucumber peptides have broad application prospects in the field of medicine. Research has shown 

that sea cucumber peptides are widely used in the food industry due to their biological activity and 

functionality. For example, sea cucumber peptides can act as antioxidants, inhibit lipid oxidation in food, 

extend the shelf life of food, and maintain its flavor and nutritional stability. In addition, sea cucumber 

peptides can also be used as ingredients in functional foods to develop foods with health benefits [74]. 

Sea Cucumber peptides have various biological activities, including antioxidant, blood pressure 

lowering, anti-tumor, anti-inflammatory, and immune regulation. For example, sea cucumber peptides 

can lower blood pressure by inhibiting angiotensin-converting enzyme (ACE), while also reducing 

oxidative stress by regulating the activity of antioxidant enzymes such as SOD and GSH Px [75]. In 

addition, sea cucumber peptides also have anti-tumor activity, which can inhibit the proliferation and 

metastasis of tumor cells [75]. 
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4.3. Application in the Field of Cosmetics 

Sea cucumber peptides have also shown great potential for application in the field of cosmetics. Due 

to its antioxidant, anti-aging, and collagen promoting properties, sea cucumber peptides can be used to 

develop cosmetics with anti-aging, whitening, and moisturizing effects. For example, sea cucumber 

peptides can repair the skin barrier, provide antioxidant protection, and improve skin texture [75]. In 

addition, marine bioactive ingredients such as seaweed extracts are widely used in cosmetics to enhance 

their anti-aging and moisturizing effects [76]. 

5. Challenges and Solutions Faced by the Application of Sea Cucumber Peptides 

5.1. Technical Difficulties in Large-scale Production 

The production of sea cucumber peptides faces many technical challenges, such as low bioavailability 

and short half-life due to their instability in vivo [77]. At the same time, there are aggregation and solubility 

issues in the peptide preparation and synthesis process, which increases the difficulty of production. In 

addition, cost control and process optimization need to be considered in large-scale production to ensure 

product repeatability and stability [78]. 

5.2. Product Quality Control and Standardization 

Due to the complex bioactive components of sea cucumber peptides, their quality control and 

standardization still face challenges. Sea cucumber peptides from different sources may contain different 

bioactive components, such as triterpenoid saponins, chondroitin sulfate, polysaccharides, etc.[79],which 

makes standardized production difficult. Therefore, it is necessary to establish unified quality control 

standards and testing methods to ensure the safety and effectiveness of products. 

5.3. Safety and Toxicological Evaluation 

Although sea cucumber peptides have various biological activities such as anti-tumor, anti-

inflammatory, antioxidant, etc. [79], their safety still needs further evaluation. At present, many sea 

cucumber products have not undergone rigorous pharmacological and toxicological research, which 

poses potential safety hazards [80]. Therefore, a systematic toxicological evaluation must be conducted to 

ensure its safety in clinical applications [81]. 

6. Future prospects 

Innovation in the preparation technology of sea cucumber peptides: We can learn from the preparation 

methods of GelMA and other materials, explore new enzymatic hydrolysis, electrodialysis, ultrasonic 

extraction and other technologies to improve the extraction efficiency and purity of sea cucumber 

peptides [82]. At the same time, by combining artificial intelligence (AI) technology, the synthesis pathway 

of peptides can be optimized to improve the intelligence and precision level of the preparation process 
[83]. 

In depth study on the relationship between structure and activity: Through quantitative structure-

activity relationship (QSAR) analysis and other methods, investigate the relationship between the 

structural characteristics of sea cucumber peptides and their biological activity. For example, previous 

studies have shown that structural differences in sea cucumber triterpenoid glycosides can affect their 

anti-tumor activity [84]. In the future, further exploration can be conducted on the relationship between 

the molecular structure of sea cucumber peptides and their biological activities such as antioxidant, anti-

inflammatory, and anti-aging [85]. 

Expansion of application areas: Sea cucumber peptides have been widely used in skincare, anti-aging, 

tissue repair, and other fields [85]. In the future, its applications in biomedicine, tissue engineering, anti-

tumor and other fields can be further expanded. For example, the development of new biomaterials based 

on sea cucumber peptides with characteristics such as temperature response, ion response, and shape 

memory [86]. 

Strengthening safety evaluation: It is necessary to strengthen the safety evaluation of sea cucumber 

peptides in different application environments, including their metabolic pathways, potential toxicity, 
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and immune reactions in vivo. For example, studying whether GelMA material can cause immune 

reactions in early implantation or degradation products [86], as well as the safety of sea cucumber peptides 

in long-term use [85]. 
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