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Abstract 
This comprehensive review explores the multifaceted bioactivities of soy protein-derived peptides, 

shedding light on their potential applications in various aspects of human health. Soybean, known for its 

rich composition, offers numerous health benefits through its bioactive peptides. Soy protein, a complete 

protein source, provides essential amino acids and is associated with various positive health effects, 

including antihypertensive, cholesterol-lowering, osteoporosis prevention, and cancer risk reduction. The 

fermentation process enhances the peptide content in soy products, with microbial enzymes playing a 

pivotal role in peptide formation. Enzymatic hydrolysis of soy protein releases a diverse range of 

bioactive peptides with various physiological activities, such as antidiabetic, anticancer, and 

hypolipidemic effects. These peptides originate from soy protein sources like β-conglycinin and glycinin, 

contributing to their unique functionalities. Soy-derived peptides also exhibit antioxidative properties by 

scavenging free radicals and inhibiting oxidative damage. Additionally, some peptides can bind to 

phospholipids, lowering cholesterol levels. These bioactive peptides have demonstrated anti-obesity 

effects by influencing gene expression in adipose tissue and anti-inflammatory activity through 

inflammation modulation. Furthermore, they show anti-cancer potential, particularly in the prevention of 

colon and liver tumorigenesis. They serve as valuable antioxidants and antimicrobial agents, making 

them useful in various applications. Certain peptides also exhibit immunomodulatory properties, 

affecting both innate and adaptive immune responses. Hypocholesterolemic peptides derived from soy 

play a crucial role in addressing cardiovascular diseases by reducing serum cholesterol levels, primarily 

by inhibiting apolipoprotein B secretion and sterol biosynthesis. This review highlights the diverse 

health-promoting aspects of soy protein-derived bioactive peptides. 

 

Keywords: Soy protein, bioactive peptides, antihypertensive, cholesterol-lowering, osteoporosis, cancer, 

fermentation, enzymatic hydrolysis 

 

Introduction 

Soybean, scientifically known as Glycine max, is a versatile and highly valued plant with a 

rich composition that has been cultivated and utilized for centuries. Its significance extends 

beyond its role as a staple crop; it offers a myriad of health benefits, making it an 

indispensable part of many diets worldwide. This robust, bushy annual herbaceous plant, 

capable of reaching heights of up to 1.5 meters, belongs to the Leguminosae family. Its growth 

cycle typically spans 3-5 months, and it is often sown in late May, flourishing in warm 

weather conditions (Aleksandra, 2020) [2]. Soybean's remarkable versatility and nutrient profile 

have made it a fundamental component of global agriculture and nutrition. Soybean boasts a 

nutrient profile that includes approximately 48% protein, 18% oil, 35% carbohydrates, and 5% 

ash. This impressive composition makes soybean a natural functional food ingredient that has 

gained recognition for its significant health-promoting properties. The well-documented health 

benefits associated with soybean consumption are wide-ranging (Sharma et al., 2011) [47]. 

These benefits include its notable antioxidant capacity, its potential to mitigate health 

conditions such as obesity, hypertension, and specific types of cancer. Additionally, soy 

protein, derived from soybean, is considered a complete protein source, providing all the 

essential amino acids necessary for human nutrition. The consumption of soy protein has been 

linked to various positive health effects, such as its potential as an antihypertensive agent, its 

role in lowering cholesterol levels, its contribution to osteoporosis prevention, and its 

suggested ability to reduce the incidence of certain cancers. The versatility and nutritional 

richness of soybean, coupled with its numerous health advantages, highlight its importance as 

a key player in the world of nutrition and agriculture. In this comprehensive review, we will 

explore the multifaceted bioactivities of soy protein-derived peptides, shedding light on their 

potential applications in various aspects of human health. 
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Through this exploration, we aim to provide a deeper 

understanding of the remarkable contributions of soybean to 

human well-being (Chatterjee et al., 2018) [8]. 

 

The Nutritional Profile of Soybean 

Soybean is celebrated not only for its versatility but also for 

its exceptional nutritional composition. As a natural 

functional food ingredient, soybean provides a wide array of 

essential nutrients and bioactive compounds that contribute to 

its reputation as a nutritional powerhouse. Here, we delve into 

the detailed nutritional composition of soybean and its 

significance as a functional food ingredient (Mastrodi and 

Carlos 2011) [29]. 

 Protein Content: Soybean is notably rich in protein, with 

an average protein content of around 48%. This protein is 

of high quality and is considered a complete protein 

source, as it contains all the essential amino acids 

required for human nutrition. The presence of these 

amino acids makes soybean an ideal source of plant-

based protein for vegetarians and vegans. 

 Lipids (Oils): Soybean contains approximately 18% oil, 

and this oil is known for its healthful profile. It is low in 

saturated fats and is a good source of polyunsaturated and 

monounsaturated fats. Additionally, soybean oil contains 

essential fatty acids, such as linoleic acid and alpha-

linolenic acid, which are important for overall health. 

 Carbohydrates: Carbohydrates make up about 35% of 

the soybean's composition. These carbohydrates provide 

a source of energy and include dietary fiber, which is 

essential for digestive health and helps regulate blood 

sugar levels. 

 Ash: Ash content, which represents the inorganic mineral 

content of soybean, typically constitutes around 5% of its 

composition. These minerals play various roles in bodily 

functions, including bone health, muscle contractions, 

and nerve signaling. 

 Vitamins: Soybean is a rich source of various vitamins, 

including vitamin K, vitamin B6, folate (vitamin B9), and 

riboflavin (vitamin B2). These vitamins are essential for 

metabolism, blood clotting, and overall well-being 

 Minerals: In addition to the minerals found in ash, 

soybean also contains essential minerals like phosphorus, 

magnesium, and potassium. These minerals are crucial 

for maintaining bone health, muscle function, and proper 

fluid balance in the body. 

 Phytonutrients: Soybean is renowned for its 

phytonutrient content, particularly isoflavones such as 

genistein and daidzein. These compounds are known for 

their antioxidant properties and their potential health 

benefits, including hormone regulation and the reduction 

of chronic disease risk. 

 Antioxidants: Soybean contains various antioxidants, 

such as tocopherols (vitamin E), which help protect cells 

from oxidative damage caused by free radicals. 

Antioxidants contribute to reducing the risk of chronic 

diseases and aging-related conditions. 

 Dietary Fiber: Soybean is a good source of dietary fiber, 

which aids in digestion, helps maintain healthy 

cholesterol levels, and contributes to a feeling of fullness, 

promoting weight management. 

 

The nutritional richness of soybean, with its balanced 

combination of protein, healthy fats, carbohydrates, vitamins, 

minerals, and phytonutrients, positions it as a natural 

functional food ingredient with a multitude of health benefits. 

Its capacity to offer a well-rounded nutritional profile, 

coupled with its potential to be transformed into various food 

products, makes soybean a valuable asset in promoting human 

health and nutrition. As we further explore the bioactivities of 

soy protein-derived peptides in this review, we will continue 

to uncover the remarkable contributions of soybean to the 

world of functional foods and its positive impact on human 

well-being (Rizzo et al., 2018) [44]. 

 

Soy Protein a Complete source of Protein 

Soy protein is often referred to as a "complete source of 

protein," and this designation is a testament to its exceptional 

nutritional quality. A complete source of protein source is one 

that contains all the essential amino acids required for human 

health in the right proportions. Soy protein stands out in this 

regard, making it a valuable option for individuals seeking 

high-quality plant-based protein in their diets. Here, we 

explore soy protein's status as a complete protein and its 

positive effects on human health (Michelfelder, 2009) [32]. 

 Essential Amino Acids: Essential amino acids are the 

building blocks of proteins that the human body cannot 

synthesize on its own. These amino acids must be 

obtained from the diet, and a protein source that provides 

all of them is considered "complete." Soy protein 

contains significant amounts of all essential amino acids, 

including methionine, lysine, leucine, isoleucine, valine, 

threonine, phenylalanine, tryptophan, and histidine 

(Michelfelder, 2009) [32]. 

 Protein Quality: The protein quality of soy protein is on 

par with animal-based protein sources like meat, dairy, 

and eggs. This means that it offers an excellent source of 

protein for vegetarians and vegans, as well as for 

individuals looking to diversify their protein intake 

(Michelfelder, 2009) [32]. 

 Nutritional Value: Beyond its amino acid profile, soy 

protein is rich in other essential nutrients. It provides 

vitamins, minerals, and phytonutrients, making it a well-

rounded nutritional choice. These nutrients contribute to 

the overall health benefits of soy protein consumption. 

 

Enhancement of Peptide Content through Fermentation: 

Fermentation plays a significant role in increasing the peptide 

content in soy products, making them even more beneficial 

for human health. This process is of particular interest due to 

its ability to enhance the bioactivity and nutritional value of 

soy-based foods. Let's examine the role of fermentation in this 

context and how microbial enzymes contribute to peptide 

formation: 

 

Fermentation and Soy Products 

Fermentation is a biological process where microorganisms, 

such as bacteria, yeast, or molds, are used to break down and 

transform organic compounds in food. In the case of soy 

products, fermentation can improve their flavor, texture, and 

nutritional characteristics. 

Fermentation has been widely applied to soy-based foods, 

resulting in a diverse range of products like tempeh, miso, 

natto, and soy sauce. These fermented soy products are not 

only delicious but also provide numerous health benefits 

(Mukherjee et al., 2016) [34]. 
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Protein Hydrolysis during Fermentation 

One of the key changes that occur during soy product 

fermentation is the enzymatic hydrolysis of soy proteins. This 

process breaks down complex proteins into smaller, bioactive 

peptides. Proteases, which are enzymes that break down 

proteins, are responsible for this hydrolysis. The action of 

proteases during fermentation leads to the release of peptides 

from soy proteins like glycinin and β-conglycinin. These 

peptides have diverse physiological activities and contribute 

to the health-promoting effects of fermented soy products 

(Chatterjee., 2018) [8]. 

 

Microbial Enzymes in Fermentation 

Microorganisms used in fermentation processes secrete 

various enzymes as part of their metabolic activities. These 

enzymes play a crucial role in breaking down soy proteins 

into peptides with bioactive properties. For instance, in the 

fermentation of tempeh, the fungus Rhizopus oligosporus 

produces proteases that act on soy proteins, leading to the 

formation of peptides. Similarly, bacteria involved in miso 

and natto production secrete enzymes that contribute to 

protein hydrolysis. The specific microbial strains and 

fermentation conditions can influence the types and quantities 

of peptides generated. This diversity in peptide profiles is 

what makes different fermented soy products unique in terms 

of their health benefits (Mukherjee et al., 2016) [34]. 

As a result of fermentation, the peptide content in soy 

products increases significantly. These peptides may exhibit a 

wide range of bioactivities, including antioxidant, 

antihypertensive, and immunomodulatory effects. 

Fermentation also partially breaks down components like 

phytates and tannins, which can interfere with nutrient 

absorption. This makes the minerals and proteins in soy more 

bioavailable to the human body. 

 

Release of Bioactive Peptides through Enzymatic 

Hydrolysis 

Enzymatic hydrolysis is a key process that releases bioactive 

peptides from soy protein, contributing to the enhanced 

antioxidant properties of soybean. Let's explore this process 

and how it improves the overall health benefits of soybean: 

 

Enzymatic Hydrolysis of Soy Protein 

Enzymatic hydrolysis is a controlled process that uses specific 

enzymes to break down larger protein molecules into smaller 

peptides. In the case of soy protein, this process is used to 

release bioactive peptides with various health-promoting 

properties (Coscueta, et al. 2019) [10]. 

The choice of enzymes and hydrolysis conditions can be 

tailored to produce peptides with specific functionalities. For 

instance, enzymes like trypsin and chymotrypsin are 

commonly used in soy protein hydrolysis. 

 

Biological Activities of Bioactive hydrolysates Derived 

from Soy Protein 

Soy protein is a rich source of bioactive peptides. These are 

short chains of amino acids that have been shown to have 

physiological effects on the human body. Bioactive peptides 

derived from soy have diverse health benefits, including 

antioxidative, antidiabetic, anticancer, and hypolipidemic 

effects (Chatterjee et al., 2018) [8]. 

The use of various proteases, different soy protein sources, 

and varying hydrolysis conditions leads to the development of 

distinct bioactivity profiles in soy protein, resulting in various 

physiological benefits. These benefits include 

antihypertensive effects (Matsui et al., 2010; Nakahara et al., 

2010) [30, 38], antidiabetic properties (Kwon et al., 2010) [23], 

anticancer potential (Zhou et al., 2003; Wang et al., 2008) [59, 

55], antioxidant activity (Cassidy, 2003), anti-obesity effects 

(Nagasawa et al., 2003) [37], and the ability to lower 

cholesterol levels (Potter, 1995; Lovati et al., 1996) [42, 25]. 

 

Enhancement of Antioxidant Properties 

Enzymatic hydrolysis of soy protein leads to the release of 

peptides that exhibit antioxidant properties. These peptides 

have the ability to scavenge free radicals and inhibit oxidative 

damage in the body. 

Antioxidants are essential for reducing oxidative stress and 

preventing various chronic diseases, including cardiovascular 

diseases, cancer, and neurodegenerative disorders. Soy-

derived bioactive peptides contribute to this aspect of health. 

Soybean contains natural phytochemicals like isoflavones and 

saponins, which also have antioxidant properties. When 

combined with bioactive peptides, these compounds may 

exhibit a synergistic effect, further enhancing the overall 

antioxidant capacity of soy-based products. Oxidative stress is 

implicated in the development of various diseases, including 

cancer and neurodegenerative disorders. Soy-derived 

bioactive peptides with antioxidant properties can help 

mitigate oxidative stress, potentially reducing the risk of these 

conditions (Kim et al., 2021) [20]. 

Elevated levels of reactive oxygen species can lead to damage 

in the host's DNA, proteins, lipids, and carbohydrates 

(Murosaki et al., 2000) [35]. Soy protein hydrolysates contain 

antioxidant peptides (Chen et al., 1998) [9]. These peptides 

exhibit strong activity in inhibiting the peroxidation of 

linoleic acid, countering paraquat-induced oxidative stress in 

rats, and scavenging peroxynitrite, active oxygen, and free 

radical species. Consequently, they may aid in preventing 

diseases related to free radicals. Enzymatic digestion of β-

conglycinin and glycinin increases the scavenging activities 

by three to four times. 

 

Hypocholesterolemic Activity 

Soy protein-derived peptides have been recognized for their 

hypocholesterolemic activity, meaning their ability to reduce 

cholesterol levels in the body. Several mechanisms contribute 

to this effect:  

 Inhibition of Apolipoprotein B (apoB) Secretion: Some 

soy protein-derived peptides have been shown to inhibit 

the secretion of apolipoprotein B (apoB) in the liver. 

ApoB is a critical component of very-low-density 

lipoproteins (VLDL) and low-density lipoproteins (LDL), 

which are often referred to as "bad" cholesterol. By 

reducing apoB production, these peptides can lower LDL 

cholesterol levels in the bloodstream (Elizabeth et al., 

2009) 

 Sterol Biosynthesis Inhibition: Certain bioactive peptides 

from soy can interfere with the biosynthesis of sterols, 

which are important for cholesterol production. By 

inhibiting sterol biosynthesis, these peptides help reduce 

cholesterol levels in the body (Lee et al., 2022) [24]. 

 Binding to Phospholipids: Some peptides derived from 

soy protein can bind to phospholipids in the digestive 

system. Phospholipids are crucial for the absorption of 

dietary fats, including cholesterol. By binding to 
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phospholipids, these peptides can reduce the absorption 

of cholesterol, thereby lowering its levels in the 

bloodstream (Nagaoka et al., 1999) [36]. 

 

Health claims regarding the role of soy protein in reducing the 

risk of coronary heart disease have received approval from the 

U.S. Food and Drug Administration. It's essential to note that 

only individuals with soy allergies, constituting 

approximately 0.5% of the global population, should refrain 

from consuming foods containing soy protein. 

Dietary soy protein hydrolysates not only impede the 

absorption of dietary lipids but also enhance the absorption of 

dietary carbohydrates. Additionally, they increase 

postprandial energy expenditure, accompanied by a 

postprandial rise in the oxidation of dietary carbohydrates, 

particularly in type II diabetic mice (Ishihara et al., 2003) [18]. 

Wang et al. (2001) [54] found that soy protein reduces 

circulating triglycerides and cholesterol levels in individuals 

with hypocholesterolemia. 

In numerous clinical trials, orally administered soy proteins 

undergo protease digestion in the gastrointestinal tract, 

leading to the release of bioactive peptides. These peptides 

may play a pivotal role in lowering cholesterol levels. Soy 

peptides can also bind to phospholipids and exhibit serum 

cholesterol-lowering activity in humans (Saito et al., 2000) 

[46]. 

More recently, Hati (2012) [15] reported a hypocholesterolemic 

effect in animal models through the consumption of soy dahi 

and soy yogurt. Inoue et al. (2011) [17] identified novel soy-

derived bioactive peptides with triglyceride-lowering effects 

in HepG2 cells and obese diabetic scika Long Evans 

Tokushima fatty (OLETF) rats. 

Hypercholesterolemia poses a significant risk factor in the 

development of heart diseases, a leading cause of death in 

Western countries. Dyslipidemia, characterized by abnormal 

serum lipid concentrations (total cholesterol—TC, LDL-C, 

triglycerides, and HDL-C), stands as a primary risk factor for 

cardiovascular diseases (CVD). Atherosclerosis, a chronic 

vascular inflammation in the arterial wall, can lead to clinical 

manifestations such as myocardial infarction, peripheral 

arterial disease, and stroke. Dyslipidemia is the primary cause 

of atherosclerosis and hypercholesterolemia. Research from 

the Lipid Research Clinics has indicated that reducing serum 

cholesterol levels decreases the incidence of coronary artery 

disease in populations with lipid-rich diets. For every 1.0% 

reduction in blood cholesterol, there is a corresponding 2.5-

3.0% reduction in the incidence of heart disease. 

Two meta-analyses of the effects of soy protein on lipid 

profiles in humans (Zhan and Suzanne 2005) [58] revealed that 

soy protein intake reduces total serum cholesterol, low-

density lipoprotein (LDL) cholesterol, and triglycerides by 

3.8–9.3%, 5.3–12.9%, and 7.3–10.5%, respectively, while 

increasing HDL cholesterol by 2.4–3.0%. These favorable 

effects have been employed to develop dietary strategies for 

treating patients with hypercholesterolemia (Merritt, 2004) 
[62]. Meta-analyses suggest that soy protein directly lowers 

blood low-density-lipoprotein cholesterol (LDL-C) levels by 

3–5% (Zhan and Suzanne 2005) [58]. Interestingly, in animal 

models, both soy protein and soybean isoflavones have been 

demonstrated to reduce the development of atherosclerosis 

independently of their effects on LDL-C. Studies in rats have 

shown that soy protein isolate (SPI) intake can modulate lipid 

and energy metabolism, including the synthesis and 

degradation of cholesterol. Due to the hypocholesterolemic 

effects demonstrated by soy protein, the Food and Drug 

Administration approved a health claim linking naturally soy 

protein-rich foods to the reduction of coronary heart disease 

(Donkor et al., 2007) [11]. Soy protein can also shift LDL 

particle distribution to a less atherogenic pattern in an 

isoflavone-independent manner (Tachibana et al., 2005) [49]. 

 

Anti-Obesity Activity 

Soy protein-derived peptides can play a role in reducing 

obesity and related conditions through various mechanisms: 

 Modulation of Adipogenesis: Adipogenesis is the process 

of fat cell formation. Some soy-derived peptides can 

influence gene expression in adipose tissue, leading to a 

reduction in the number and size of fat cells. This 

modulation of adipogenesis can help prevent excessive 

fat accumulation (Goto et al.,2013) [13]. 

 Triglyceride Reduction: Excess triglycerides in the 

bloodstream are associated with obesity and related 

metabolic disorders. Certain bioactive peptides from soy 

can reduce triglyceride levels, contributing to better 

metabolic health (Chatterjee et al., 2018) [8]. 

 

The prevalence of obesity has witnessed a significant increase 

in recent times, posing a major concern due to its association 

with the development of significant metabolic disorders in 

humans. This condition results from an imbalance between 

energy intake and expenditure, leading to the accumulation of 

adipocytes (Aoyama et al., 2000) [4]. Consequently, low-

energy diets, such as high-protein diets, are employed to 

manage obese patients with diabetes, aiding in the 

preservation of body protein during periods of restricted 

energy intake (Hwang et al., 2005) [16]. 

Obesity is characterized by an increase in both adipocyte 

hyperplasia and hypertrophy, accompanied by fat storage, 

prompting the conversion of pre-adipocytes into adipocytes 

(Caro et al., 1989) [7]. Nagasawa et al. (2003) [37] reported that 

soy protein isolates effectively reduce triglyceride levels and 

the mRNA expression of fatty acid synthase in adipose tissue. 

This suggests that soy protein isolates can modulate gene 

expression in adipose tissue, exerting control over the 

adipogenesis process. Furthermore, the anti-obesity properties 

of black soybean peptides, including reductions in body 

weight and adipose tissue weight, have been observed. 

Kim et al. (2000) [21] synthesized a tripeptide derived from soy 

protein and investigated its activity. Western blot analysis 

revealed that the synthetic peptide exhibited a similar 

inhibitory effect to 5-aminoimidazole-4-carboxamide riboside 

(AICAR), which inhibits the expression of adipogenic 

markers and transcription factors involved in adipogenesis 

(Haro et al., 1996) [14]. 

 

Anti-Inflammatory Activity 

Soy protein-derived peptides exhibit anti-inflammatory 

properties through different means: 

 Neutralizing Bacterial Debris: These peptides have been 

found to neutralize bacterial debris and toxins, reducing 

the inflammatory response triggered by bacterial 

infections. 

 Downregulation of Pro-Inflammatory Cytokines: Soy-

derived peptides can downregulate the production of pro-

inflammatory cytokines, which are signaling molecules 

that promote inflammation. By inhibiting these cytokines, 
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these peptides help mitigate the inflammatory response in 

the body (Lule et al., 2015) [27]. 

 

Peptides exhibit anti-inflammatory properties through various 

mechanisms, including the modulation of inflammation, 

binding to toxins, and neutralization of bacteria and fungi. 

Skin conditions often involve inflammation caused by 

bacteria, in part due to the release of lipopolysaccharide from 

the outer membrane of Gram-negative bacteria and 

lipoteichoic acid from Gram-positive bacteria. Innate-

immunity peptides, such as defensins and LL-37, are known 

to bind to and neutralize bacterial debris, including 

lipopolysaccharide and lipoteichoic acid. This binding results 

in the downregulation of pro-inflammatory cytokines 

(Mookherjee et al., 2006) [33]. Another example is the 

inhibition of cytokine release stimulated by 

Propionibacterium acnes through peptides derived from 

granulysin (McInturff et al., 2005) [31]. 

 

Anti-Cancer Activity 

The anti-cancer potential of soy protein-derived peptides is 

particularly relevant to colon and liver tumorigenesis: 

 Suppression of Tumorigenesis: Some soy-derived 

peptides have shown the ability to suppress the 

development of tumors in the colon and liver. These 

peptides may interfere with processes related to 

carcinogenesis and inhibit the growth of cancer cells. 

 Lunasin as a Chemopreventive Peptide: Lunasin, a 

bioactive peptide found in soy and other legumes, has 

gained attention for its potential chemopreventive 

properties. It may influence epigenetic mechanisms, 

inhibit inflammation, and have anti-cancer effects, 

particularly in colon cancer (Nwachukwu et al., 2019) 
[39]. 

 

Soy protein may exhibit anti-cancer effects, as demonstrated 

by Azuma et al. (2000) [6] and Kanamoto et al. (2001) [63]. 

Their studies revealed that feeding animals an insoluble, high-

molecular-weight protein fraction derived from a proteinase-

treated soybean protein isolate suppressed colon and liver 

tumorigenesis induced by azoxymethane and dietary 

deoxycholate. In the context of liver and colon tumorigenesis, 

bile acids play a critical role. The proposed mechanism 

suggests that the high-molecular-weight protein fraction 

exerts protective effects by interfering with the enterohepatic 

circulation of bile acids. This interference inhibits bile acid 

resorption in the intestine, leading to increased excretion in 

feces. Lunasin, a extensively studied chemopreventive peptide 

found in 2S soybean albumin, comprises 43 amino acids, 

featuring nine aspartic acid residues at its carboxyl end and a 

cell adhesion motif (RGD) (Galvez and de Lumen 1999) [64]. 

Furthermore, hydrophobic peptides (Kim et al., 2000) [21] and 

the modulation of protein synthesis through the control of 

eIF-2a kinases (Haro et al., 1996) [14] have been associated 

with anticancer properties. 

 

Hypotensive Activity 

Soy-derived bioactive peptides can play a role in reducing 

blood pressure by inhibiting angiotensin-converting enzyme 

(ACE). ACE is involved in the regulation of blood pressure, 

and inhibiting its activity can lead to vasodilation and a 

decrease in blood pressure. 

The angiotensin-converting enzyme (ACE), also referred to as 

dipeptidyl carboxypeptidase, plays a crucial role in regulating 

blood pressure. Its action involves elevating blood pressure by 

converting inactive angiotensin I into the potent 

vasoconstrictor angiotensin II, while concurrently inactivating 

the vasodilator bradykinin (Yang et al., 1970) [57]. 

Consequently, inhibiting ACE reduces angiotensin II activity 

and increases bradykinin levels, leading to a decrease in blood 

pressure. Soybeans stand out as a valuable source of ACE 

inhibitors (Ahn et al., 2000; Shin et al., 2001) [1, 48]. These 

ACE inhibitors are widely employed as antihypertensive 

agents, delivering blood pressure reductions comparable to 

those achieved with thiazides and calcium antagonists (Pool et 

al., 1989) [65]. Regular consumption of food containing such 

peptides can effectively help maintain normal blood pressure 

levels. 

Antihypertensive activity primarily hinges on the inhibition of 

the angiotensin-converting enzyme (ACE), a pivotal player in 

the regulation of blood pressure through the renin-angiotensin 

system (RAS). The RAS, a hormone-like system, governs 

fluid balance and blood pressure in the body (Shin et al., 

2001) [48]. In response to low blood pressure, the body 

secretes angiotensinogen from the liver, subsequently cleaved 

into angiotensin I, an inactive decapeptide, by renal renin. 

ACE further cleaves angiotensin I into angiotensin II, a 

vasoconstrictor leading to increased blood pressure. Aberrant 

RAS activity can result in hypertension, characterized by 

excessively high blood pressure. 

Diverse ACE inhibitory bioactive peptides have been 

identified in enzyme hydrolysates of soy protein. Oral 

administration of these peptide fractions to spontaneously 

hypertensive rats (SHR) at a dose of 2.0 g/kg body weight 

effectively lowered blood pressure (Wu and Ding, 2001) [56]. 

More recently, soy-derived bioactive peptides demonstrated 

in vitro ACE inhibitory activity and reduced systolic blood 

pressure. 

Numerous antihypertensive peptides are present in enzyme-

hydrolyzed soy proteins (Kodera and Nio, 2006) [22] and in 

fermented soy products integral to Asian cuisines, including 

soy sauce (Okamoto et al., 1995) [40], soybean paste (Shin et 

al., 2001) [48], natto (Okamoto et al., 1995) [40], and tempeh 

(Aoki et al., 2003) [3]. 

 

Antimicrobial Activity 

Antimicrobial peptides (AMPs) are essential components of 

the innate immune system. These short cationic peptides are 

widely distributed on biological surfaces prone to infection 

and play a vital role in innate immunity. AMPs directly bind 

to lipid bilayers and interact with bacterial membranes, 

leading to membrane disruption. Over a hundred 

antimicrobial peptides have been identified from various 

sources. AMPs have found many applications, including in 

biomedical devices, food preservation, and promoting human 

health. 

Genistein, an isoflavone naturally present in soybeans, 

possesses estrogenic properties, acts as a protein tyrosine 

kinase inhibitor, and displays antiangiogenic activity. 

Notably, genistein has demonstrated inhibitory effects on the 

in vitro invasion of various bacterial species, including 

Yersinia enterocolitica, enteropathogenic E. coli, 

Mycobacterium avium, S. aureus, Listeria monocytogenes, 

and Fonsecaea pedrosi. 
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Antimicrobial peptides (AMPs) have gained considerable 
attention for their wide-ranging antimicrobial activity against 
both Gram-positive and Gram-negative bacteria, fungi, and 
protozoa, with minimum inhibitory concentrations (MIC) as 
low as 0.25-0.4 μg/ml. Some cationic peptides have exhibited 
the ability to inhibit the replication of enveloped viruses such 
as influenza A virus, vesicular stomatitis virus (VSV), and 
human immunodeficiency virus (HIV-1). Importantly, these 
peptides hold promise in overcoming bacterial resistance 
(Reddy et al., 2004) [43]. 
Compounds derived from soy, including genistein, showcase 
antimicrobial properties. Furthermore, antimicrobial peptides 
sourced from soy contribute to the neutralization of bacteria 
and fungi, collectively enhancing the overall antimicrobial 
activity. 

 

Immunomodulatory Activity 
Soy-based products and soy protein digests contain 
immunomodulatory peptides that can influence the immune 
system. These peptides may enhance phagocytosis, the 
immune system's ability to engulf and eliminate pathogens, 
and modulate immune responses. 
Both the innate and adaptive immune responses are crucial for 
host defense against microorganisms. The innate immune 
response, serving as the first line of defense against 
pathogens, is mediated by macrophages, dendritic cells (DC), 
and natural killer (NK) cells. The adaptive immune response 
plays a role in eliminating pathogens during the later phases 
of infection and in generating immunological memory. 
Changes in immune function with age can lead to a higher 
susceptibility to infectious diseases and cancer in the elderly 
(Aristizábal et al., 2013) [5]. 
Soy-based products have been observed to influence various 
facets of the immune system, potentially owing to their 

isoflavone content (Ryan et al., 2006) [45]. The consumption 
of fermented soy products has been proposed as beneficial for 
allergic conditions. Notably, recent studies have highlighted 
the immunomodulatory activities of specific soy proteins and 
their digests. For instance, soymetide-13 (Met-Ile-Thr-Leu-
Ala-Ile-Pro-Val-Asn-Lys-Pro-Gly-Arg), derived from trypsin 
digests of soybean protein, acts as a peptide stimulating 
phagocytosis in vitro by human polymorphonuclear 
leukocytes (Tsuruki, 2005) [50]. 
In a murine model, Liu et al. (2002) [67] demonstrated that 
soymilk kefir increases intestinal IgA levels and inhibits the 
growth of sarcoma tumor cells. The combination of 
Streptococcus thermophilus ST5 and Bifidobacterium longum 
R0175 in soymilk fermentation down-regulates IL-8 
production by HT-29 intestinal epithelial cells, indicating its 
potential in modulating the immune system and preventing 
infections (Wagar et al., 2009). [53] Dietary Soy Protein Isolate 
has been found to mitigate atherosclerotic lesions in 
apolipoprotein E-deficient mice, potentially by inhibiting 
monocyte chemoattractant protein-1 expression. 
Immunostimulating peptides, preventing alopecia induced by 
cancer chemotherapy, have been isolated from enzymatic 
digests of soybean protein (Vermont, 2009) [52]. Notably, an 
active peptide sequence (MITLAIPVNKPGR) with 
phagocytosis-stimulating activity has been identified from 
trypsin digests of soybean proteins (Egusa and Otani, 2009) 
[12]. Acid-precipitated soybean protein fractions, when 
digested with peptidase R, exhibit robust mitogenic activity, 
enhancing the number of interleukins, interferons, and CD4+ 
cells in mouse spleen cells. Additionally, a relatively high 
concentration of genistein has been shown to inhibit the 
proliferation response of lymphocytes induced by mitogens or 
alloantigens in vitro (Tsuruki et al., 2005) [50]. 

 
Table 1: Summary of Bioactivities associated with soy protein-derived bioactive hydrolysates 

 

Activity Description References 

Hypocholesterolemic 

Soy protein has been shown to reduce total serum cholesterol, LDL cholesterol, and 

triglycerides while increasing HDL cholesterol. Reductions range from 3.8% to 9.3% for total 

cholesterol, 5.3% to 12.9% for LDL cholesterol, and 7.3% to 10.5% for triglycerides. HDL 

cholesterol increases by 2.4% to 3.0%. 

Anderson et al., 1995; Zhan 

and Ho, 2005; Merritt, 2004 
[61, 58, 62] 

Anti-Obesity 

Soy protein may reduce triglyceride levels and inhibit the expression of adipogenic markers 

and transcription factors, thereby modulating adipogenesis. Anti-obesity properties have also 

been observed in black soybean peptides. 

Nagasawa et al., 2003; Kim 

et al., 2007 [37, 60] 

Anti-Inflammatory 

Peptides, including innate-immunity peptides, have been found to bind to and neutralize 

bacterial debris, resulting in the downregulation of pro-inflammatory cytokines. Inhibition of 

cytokine release stimulated by Propionibacterium acnes through peptides has been reported. 

Mookherjee et al., 2006; 

McInturff et al., 2005 [33, 31] 

Anti-Cancer 

High-molecular-weight protein fractions derived from soybean protein isolates have 

demonstrated potential to suppress colon and liver tumorigenesis. The chemopreventive 

peptide lunasin found in 2S soybean albumin also shows promise. 

Azuma et al., 2000; 

Kanamoto et al., 2001; 

Galvez and de Lumen, 1999 
[6, 63, 64] 

Antioxidant 

Soy protein hydrolysates contain antioxidant peptides, which can inhibit the peroxidation of 

linoleic acid, counter oxidative stress, and scavenge peroxynitrite and free radicals. 

Enzymatic digestion enhances scavenging activities. 

Chen et al., 1998; Saito et 

al., 2000 [9, 46] 

Hypotensive 

Soy-derived bioactive peptides can inhibit angiotensin-converting enzyme (ACE), reducing 

blood pressure by lowering angiotensin II levels and elevating bradykinin. These peptides are 

used as antihypertensive agents. 

Ahn et al., 2000; Shin et al., 

2001; Pool et al., 1989 [1, 48, 

65] 

Antimicrobial 

Genistein, a compound in soybeans, exhibits antibacterial properties and inhibits the growth 

of various bacterial species. Antimicrobial peptides directly bind to bacterial membranes, 

disrupting them and neutralizing bacteria and fungi. 

Verdrengh et al., 2004; 

Hancock RE and Lehrer R., 

1998 [51, 66] 

Immunomodulatory 

Soy-based products and soy protein digests have demonstrated immunomodulatory activities, 

including stimulation of phagocytosis, elevation of intestinal IgA levels, modulation of the 

immune system, and prevention of infections. 

Liu et al., 2002; Wagar et 

al., 2009; Vermont, 2009 [67, 

53, 52] 

Hypocholesterolemic 

Soy protein intake reduces total serum cholesterol, LDL cholesterol, and triglycerides by 

3.8% to 9.3%, 5.3% to 12.9%, and 7.3% to 10.5%, respectively, while increasing HDL 

cholesterol by 2.4% to 3.0%. 

Anderson et al., 1995; Zhan 

and Ho, 2005; Merritt, 2004 
[61, 58, 62] 
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Conclusion 

In conclusion, the comprehensive analysis presented in Table 

1 underscores the multifaceted bioactivities associated with 

soy protein-derived hydrolysates. These hydrolysates 

showcase promising anticancer properties attributed to 

specific hydrophobic peptides, exert modulation over protein 

synthesis through the control of eIF-2a kinases, and 

demonstrate anti-inflammatory effects, along with 

antimicrobial and anti-inflammatory responses against 

Propionibacterium acnes. Moreover, their potential in 

preventing experimental tumorigenesis in rat colon and 

reducing colorectal cancer risk in women adds a significant 

dimension to their health-related implications. Beyond 

cancer-related benefits, soy protein-derived hydrolysates 

exhibit notable effects on cardiovascular health, including 

angiotensin I-converting enzyme inhibitory effects, anti-

hypertensive activity, and hypotensive effects on 

spontaneously hypertensive rats. Their association with the 

prevention of sudden-death syndrome in soybeans, anti-

staphylococcal effects, and antimicrobial properties further 

highlight their diverse applications. Additionally, these 

hydrolysates play a pivotal role in modulating immune 

function in postmenopausal women, revealing anti-alopecia 

mechanisms and displaying immunomodulatory properties in 

fermented soy and dairy milks prepared with lactic acid 

bacteria. The presence of Lunasin, a bioactive component, in 

plasma after soy protein consumption adds another layer to 

their potential health benefits. Lastly, the characterization of a 

cellular immunostimulating peptide derived from soybean 

protein fraction digestion with peptidase R underscores the 

continuous exploration of their biofunctional potential. 

Collectively, these findings contribute valuable insights into 

the expansive and promising realm of soy protein-derived 

hydrolysates in promoting health and well-being. 
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