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Abstract 

High-pressure processing (HPP) is a non-thermal process that 

subjects the food to high hydrostatic pressure for pathogens’ 

destruction and shelf-life enhancement without compromising plant 

products' nutritional and sensory characteristics. The present paper 

reviews the factors that determine the bioactive compound 

stability/loss during HPP and the effects of this technology on 

nutritional value, shelf life, and consumer liking. HPP’s effects on 

bioactive compounds include mechanical damage to the cellular 

structures and changes in intermolecular forces. These effects also 

increase the release and steadiness of such bioactive substances as 

polyphenols and carotenoids. Using the review context, this 

assessment explores the influence of processing parameters such as 

pressure, time, and temperature on the stability of the bioactive 

compounds. Interaction between HPP and other preservation 

processes which include mild heat or refrigeration storage can also 

enhance the quality of the products while at the same time extending 

their shelf life. It also includes their expansion to the commercial 

aspect and shows that HPP has been effective in use on food items 

including cold-pressed juices and plant-based soups. The regulatory 

part proves that HPP saves the basic parameters of food and 

contributes both to the effectiveness and safety of the process 

emphasizing the preservation of natural tastes and smells, 

consumers’ acceptance is usually rather positive. Thus, future 

investigations should focus to the unknown effects of HPP on 

various bioactive compounds, their shelf-stability upon further 

storage, and the most effective processing parameters. Thus, 

promising trends that are connected with developments in the field 

of HPP and its additional application with the help of other 

innovative technologies in combination with contemporary 

packaging materials speak about the possibilities of further 

improvement of the functional profile and consumer attraction of 

plant-based functional food products. This review focuses on HPP 

effects on PB Foods and proposes possible research avenues to 

better enhance HPP in the food industry. 
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1. Introduction  

Plant-based functional foods are a category of foods 

derived from plant sources that offer additional 

health benefits beyond basic nutrition. Unlike 

conventional foods that primarily provide essential 

macronutrients such as carbohydrates, proteins, and 

fats, functional foods are enriched with bioactive 

compounds—such as polyphenols, flavonoids, 

carotenoids, and dietary fiber—that contribute to 

specific physiological benefits. These properties 

include antioxidant activity, anti-inflammatory 

effects, regulation of blood pressure and cholesterol 

levels, modulation of the gut microbiota, and support 

for immune function. As a result, plant-based 

functional foods play a role in reducing the risk of 

chronic diseases such as cardiovascular disorders, 

diabetes, and certain cancers, while also contributing 

to improved overall health and quality of life 

(Alcorta et al., 2021). Such foods are usually 

enriched by various bioactive compounds including 

vitamins, minerals, phytochemicals, fibers and 

antioxidants responsible for functional 

characteristics of the foods. For instance, plant-

based functional foods include fruits, vegetables, 

whole grains, nuts, seeds, and legumes—rich 

sources of vitamins, minerals, and phytochemicals 

essential for human health (Albuquerque et al., 

2020). These natural foods become functional when 

they either inherently contain or are fortified with 

health-promoting bioactive compounds such as 

dietary fiber, antioxidants, phytosterols, and 

polyphenols. These components provide targeted 

physiological benefits, including improved 

digestion, enhanced immune response, reduced 

oxidative stress, cholesterol reduction, and better 

glycemic control. Over the past decades, the demand 

for such functional plant-based foods has increased 

significantly, driven by a growing awareness of their 

role in preventing chronic diseases like 

cardiovascular disease, diabetes, obesity, and certain 

cancers. Additionally, shifting consumer preferences 

toward natural, minimally processed foods free from 

synthetic additives and preservatives have further 

fueled the trend (Abe et al., 2023). In response, the 

food industry has expanded its offerings to include 

plant-based functional products such as fortified 

beverages, health bars, and dietary supplements that 

support specific health outcomes. Functional plant 

foods have a direct impact on the human body’s 

health and are related to a decrease in inflammation, 

a healthy gut, better immunity and an overall 

reduction in chronic conditions like heart disease, 

diabetes, and some forms of cancer. These are 

believed to be attributed to the existence of bioactive 

compounds that elicit a protective impact on the 

body (Ashaolu et al., 2020). Growing global 

awareness of health and wellness, the demand for 

functional plant-based foods is steadily increasing, 

as consumers seek options that may help reduce the 

risk of chronic diseases. However, preserving the 

stability and activity of bioactive compounds during 

food processing remains a significant challenge for 

the food industry. This concern has led to the 

development and adoption of advanced food 

processing technologies designed to minimize 

nutrient degradation while ensuring food safety and 

shelf-life extension. Among these, high-pressure 

processing (HPP) has shown particular promise due 

to its non-thermal nature. In addition to HPP, other 

emerging technologies such as pulsed electric fields 

(PEF), ultrasound-assisted processing, cold plasma, 

and ultraviolet (UV) irradiation are also being 
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explored for their ability to preserve thermosensitive 

phytochemicals and maintain the functional quality 

of plant-based foods (Kurek et al., 2022)Bioactive 

compounds are naturally occurring, non-nutritive 

constituents in foods—particularly in plant-based 

sources—that offer health benefits beyond basic 

nutrition. These include various classes of 

phytochemicals such as polyphenols, flavonoids, 

carotenoids, and certain vitamins, which are known 

to exhibit antioxidant, anti-inflammatory, and 

disease-preventive properties (Guan et al., 2021). 

Their preservation in food products is of great 

importance, especially in the development of 

functional foods aimed at promoting health and 

preventing chronic diseases. They are accountable 

for the processes that attribute these foods with 

‘health boost related’ properties, necessary for the 

reduction of risks associated with ailments such as 

cardiovascular diseases, cancer, diabetes, and 

neurodegenerative disorders (Saini et al., 2020). The 

functions of antioxidants, anti-inflammatory, anti-

carcinogenic and immune-modulatory activities of 

bioactive compounds have been defined and 

therefore are the core of all functional foods. For 

instance, polyphenols as those found in fruits, 

vegetables, whole-grain have been described to have 

antioxidant activity, they can mop free radicals and 

thus reduce oxidant stress in the body (Kamiloglu et 

al., 2022). Flavonoids which are presented in many 

plant-based foods are also classified as bioactive 

compounds due to their positive connection with the 

cardiovascular system and anticancer activity linked 

with the modulation of signaling of inflammation, 

and cell proliferation (Samtiya et al., 2021). 

Amongst the bioactive compounds; antioxidant 

vitamins such as vitamin C and E are utilized in skin 

health as well as the immune system and cellular 

recuperation mechanisms. Carotenoids, natural’s 

pigments responsible for the colored appearance of 

fruits and vegetables such as carrots and tomatoes 

are associated with the eye and with macular 

degeneration decline (Pourzand et al., 2022). 

Phytochemicals of functional foods possess an 

astonishing capability of raising the living standards 

and anticipated life expectancy of the people. When 

these compounds are taken in as functional foods 

through the pathways of the defined diets, consumer 

may be able to lower their odds of contracting a 

chronic disease and hence boost up the general 

health status (Mittal et al., 2024).  High-pressure 

processing (HPP) is one of the emerging non-

thermal food preservation technologies, developed 

as an alternative to traditional thermal methods such 

as pasteurization and sterilization. Conventional 

heat-based processing often leads to the degradation 

of heat-sensitive (thermolabile) compounds, 

including many essential nutrients and bioactive 

components. In contrast, HPP operates without 

applying high temperatures, making it particularly 

advantageous for preserving thermosensitive 

substances in food products.Unlike thermal 

methods, HPP inactivates microorganisms and 

enzymes by subjecting food to extremely high 

pressures—typically ranging from 100 to 600 

MPa—uniformly and instantaneously throughout 

the product, without altering its nutritional value or 

sensory properties (Rostamabadi et al., 2023). This 

method is based on Le Chatelier’s principle, which 

favors reactions that reduce volume under pressure. 

When applied to food, this high pressure disrupts 

microbial cell membranes, induces protein 

coagulation, and damages enzyme structures, 
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thereby extending shelf life while preserving the 

food’s original quality (Amsasekar, 2022; D'Incecco 

et al., 2021).One of the most significant benefits of 

HPP is its ability to retain bioactive compounds—

such as phenolics, vitamins, and flavonoids—that 

are typically destroyed by heat. These compounds 

are vital for the functional and health-promoting 

properties of plant-based foods. As a non-thermal 

technique, HPP prevents their degradation, thus 

preserving the functional integrity and nutritional 

profile of the final product (Sruthi et al., 2022). This 

makes HPP especially valuable in the processing of 

plant-based functional foods, where maintaining 

bioactive stability is essential.In addition to its 

advantages in preserving sensitive compounds, HPP 

is versatile in application. It is used for a wide variety 

of food products including fruit juices, smoothies, 

sauces, and ready-to-eat meals (Ding et al., 2023). 

Furthermore, it allows for in-package processing, 

reducing the risk of post-processing contamination 

and enhancing food safety (Kamboj et al., 2020). 

This review systematically explores the impact of 

High-Pressure Processing (HPP) on bioactive 

compounds in plant-based functional foods. As 

consumer demand grows for minimally processed 

foods with retained nutritional and functional 

qualities, HPP has gained attention as a non-thermal 

preservation method that enhances shelf life, ensures 

microbial safety, and potentially preserves sensitive 

bioactive compounds (Galanakis, 2021; Allai et al., 

2023). The review focuses on the effects of HPP on 

key bioactives—phenolics, flavonoids, carotenoids, 

and vitamins—highlighting changes in their 

stability, bioavailability, and functionality across 

various plant food matrices (Banwo et al., 2021). It 

also compares HPP with conventional processing 

methods, evaluates influencing factors such as 

pressure, temperature, time, and food composition, 

and examines its synergy with other preservation 

techniques (Khaliq et al., 2021). Additionally, it 

assesses the nutritional, sensory, and consumer 

acceptance aspects of HPP-treated foods (Munekata 

et al., 2020), and identifies knowledge gaps for 

future research aimed at industrial-scale application 

of HPP in developing innovative, nutrient-rich plant-

based products. 

1.1 Bioactive Compounds in Plant-Based 

Functional Foods  

Phytochemicals present in plant foods are thus 

receiving attention because of the associated health 

promoting effects. Such compounds present in 

plants play an important role in prosperity of human 

health by preventing diseases and contributing to 

total wellness (Banwo et al., 2021). This section will 

discuss what bioactive compound is, the types of 

bioactive compound, their source, and the health 

implication of bioactive compound in plant-based 

product; in addition, this section will discuss the 

different factors that influences the stability of the 

bioactive compound present in foods.  

1.2 What are Bioactive Compounds and its 

Classification  

Essential bioactive compounds as opposed to 

vitamins, and minerals are not component’s that are 

vital for the normal survival of all human beings but 

play a role in preventing diseases (Mondal et al., 

2021). These compounds can affect metabolism and 

provide beneficial actions; thus, they are an essential 

part of functional foods. The primary types of 

bioactive compounds in plant-based foods include: 
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Table 1. Major Classes of Bioactive Compounds in Plant-Based Functional Foods and Their Health Benefits 

Bioactive Compound Examples Health Benefits Reference 

Phenolic Compounds 
Flavonoids, phenolic acids, 

tannins 
Antioxidant, anti-inflammatory, anticancer Mutha et al., 2021 

Carotenoids 
Beta-carotene, lycopene, 

lutein 

Antioxidant, vision support, reduced cancer 

risk 
Starska, 2022 

Glucosinolates 
Found in broccoli, kale, 

Brussels sprouts 

Cancer prevention, detoxification enzyme 

activation, apoptosis induction 
Mitra et al., 2022 

Vitamins Vitamin C, Vitamin E Antioxidant activity, immune system support 
Szewczyk et al., 

2021 

Phytosterols 
Plant sterols and stanols (e.g., 

β-sitosterol) 

Cholesterol-lowering, cardiovascular health 

improvement 

Rodríguez et al., 

2020 

 

1.3 Sources of Bioactive Compounds in Plant-

Based Foods  

Table 2. Key plant-based sources of bioactive compounds commonly found in functional foods. These sources are rich in 

phenolics, flavonoids, carotenoids, phytosterols, and omega-3 fatty acids, contributing to health-promoting properties 

(Din et al., 2023). 

Food Group Examples Major Bioactive Compounds 

Fruits Berries, citrus fruits, apples, grapes Phenolic compounds, flavonoids 

Vegetables 
Leafy greens, tomatoes, carrots, broccoli, 

Brussels sprouts 
Carotenoids, glucosinolates, phenolic acids 

Legumes Beans, lentils, chickpeas Polyphenols, phytosterols 

Nuts & Seeds Almonds, walnuts, flaxseeds, chia seeds Phenolic compounds, phytosterols, omega-3 fatty acids 

Whole Grains Oats, barley, quinoa 
Phenolic acids (e.g., avenanthramides), phytosterols (e.g., 

β-sitosterol) 

1.4 Characteristics which influence Stability of 

Bioactive Compounds   

Bioactive compounds that are mainly stored in plant-

based foods are sensitive to a number of factors that 

exist before and after the foods have been harvested. 

These factors include:   

1.4.1 Processing Methods  

Some of the methods such as thermal processing, 

drying, freezing, and high-pressure processing, 

especially influence the stability of bioactive 

compounds. With these compounds some processes 

may even cause degradation while on the other hand 

processes such HPP may actually assist in 

preserving or even improving the stability (Barbosa 

et al., 2022).  

1.4.2 Storage Conditions  

Light, oxygen and temperature influences negatively 

affects the quality of the produce and reduces the 

shelf life and alters bioactive compounds such as 

vitamins and carotenoids (Darré et al., 2022).  
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1.4.3 PH and Water Activity  

Its stability depends on the food matrix, including 

factors such as the pH and AW values of the food. 

For instance, there are the phenolic compounds 

which may be degraded when exposed to very low 

or very high pH levels (Cao et al., 2021).  

1.4.4 Matrix Interactions  

The bioactive compounds when come across other 

food matrix components like proteins, fats, and 

fibers it influences their stability and biological 

availability. These interactions may either prolong 

the life of the compounds, by preventing their 

degradation, or enhance the rate of their breakdown 

(Shahidi et al., 2022).  

1.4.5 Agricultural Practices  

It was also establish that factors such as soil 

characteristics and use of fertilizers together with the 

method of harvesting Bioactive compounds or 

phytochemicals within plant-based foods depend on 

the cultivation practices (Ramady et al., 2022).   

2. High-Pressure Processing (HPP) 

Technology 

High Pressure Processing (HPP) is one of the non 

thermal food preservation techniques that involves 

the application of pressure from 100-600 MPa in 

order to eliminate food spoilage microorganisms and 

other enzymes that can cause deterioration of foods. 

As with other traditional thermal technologies, HPP 

maintains the sensories and nutritional properties of 

food avoiding heat making it very effective in 

wholesome plant based functional foods (Khaliq et 

al., 2021).  

2.1 The principles of high pressure processing  

High-Pressure Processing (HPP) operates based on 

Le Chatelier’s principle, which states that a system 

under stress will adjust to counteract the change. In 

HPP, high isostatic pressure is uniformly applied to 

inactivate microorganisms without damaging heat-

sensitive components such as bioactive compounds 

(Iqbal et al., 2022). The food product is placed in a 

water-filled pressure vessel, where hydraulic force is 

applied uniformly regardless of the food’s size or 

shape (Esin et al., 2021). Treatment duration 

typically ranges from a few seconds to several 

minutes, depending on the food type, ensuring 

effective microbial inactivation while preserving 

product quality. 

2.2 Mechanism of Action   

It is the process of altering the structure of the 

membrane and the protein in microorganisms and 

then inactivating them. The high pressure influences 

the several interactions in proteins and enzymes that 

are found in the microorganisms which are vital it 

their growth and survival. HPP does not disrupt 

covalent bonds as thermal processing does and so it 

does not compromise the activity of bioactive 

compounds, vitamins, phenolics, and flavonoids of 

plant-based foods (Amsasekar et al., 2022). Apart 

from the microbial inactivation, the HPP can induce 

changes in texture and structure of various food 

components as in the gelatinization of the starches 

and the denaturation of the proteins. But such 

changes are comparatively less than those brought 

about by heat treatment and hence the Nutritional 

and functional properties of plant based foods can be 

retained by using HPP (Nath et al., 2023).  

2.3 Comparison of the Current Food Processing 

Techniques  

HPP is unique from the conventional technologies of 

food processing as pasteurization and sterilization 

that kill the microbes using heat. It is a well-known 
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fact that heat treatment of foods also with an effect 

of pasteurization reduces the concentration of heat-

sensitive bioactive compounds and lowers 

nutritional and functional values of plant-based 

foods (Aganovic et al., 2021). On the other hand, 

HPP does not heat such compounds and 

consequently is a better technique for the processing 

of functional foods. Other non-thermal processing 

methods that have the goal of preserving the quality 

of food and at the same time making it safe include; 

PEF (pulsed electric fields) and UV (ultraviolet 

radiation). Still, HPP has a better ability to penetrate 

food matrices making sure that each part of the 

product is treated evenly. Also, HPP does not alter 

the colour, flavour and texture of the food as much 

as it is observed with UV and PEF due to which HPP 

is more suitable for retention of sensory 

characteristics of plant based functional foods 

(Yildiz et al., 2021).  

Table: 3. Comparison of food processing techniques

Technique Temperature Pressure 
Microbial 

Inactivation 

Impact on 

Nutrients 

Traditional Thermal Processing 

(Pasteurization, Sterilization) 
High Low High Low 

High-Pressure Processing (HPP) Low High High High 

Pulsed Electric Fields (PEF) Low Low Medium Medium 

Ultraviolet Radiation (UV) Low Low Low Medium 

3. Effect of HPP on bioactive compounds  

High Pressure Processing (HPP) is a method of food 

preservation that has recently attracted interest 

because the food quality parameters such as 

nutritional and sensory properties are well preserved 

as well as the food safety. This section aims at 

reviewing the effects of HPP on different bioactive 

compounds in plant based functional foods with 

emphasis on; phenolic compounds, vitamins, 

flavonoids, carotenoids and antioxidant activity.  

3.1 Effects on Phenolic Compounds 

High-pressure processing (HPP) influences phenolic 

compounds variably, depending on the plant matrix 

and compound type. Generally, HPP enhances the 

release of phenolics such as gallic and caffeic acids 

by disrupting cell walls, thereby increasing their 

extractability and antioxidant potential (Fernández 

et al., 2020). However, certain phenolics, especially 

flavonoid glycosides, may degrade under prolonged 

pressure or combined heat treatment, potentially 

altering their bioavailability and antioxidant 

capacity (Navarro et al., 2022). 

3.2 Effects on Vitamins 

The stability of vitamins under HPP varies by 

vitamin type and processing conditions. Water-

soluble vitamins, particularly vitamin C, show high 

retention under HPP, outperforming thermal 

treatments in preserving nutritional quality 

(Mieszczakowska et al., 2021). Conversely, fat-

soluble vitamins like vitamins A and E are more 
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sensitive, although their degradation is minimized 

due to the non-thermal nature of HPP. 

3.3 Effects on Flavonoids 

Flavonoids, known for antioxidant and anti-

inflammatory benefits, respond to HPP based on 

their chemical structure and food matrix. HPP has 

been shown to increase concentrations of quercetin 

and rutin in certain juices by releasing bound 

flavonoids. It may also convert glycosides to 

aglycones, improving solubility and possibly 

enhancing antioxidant activity, depending on 

processing conditions (Dias et al., 2021; Ullah et al., 

2022). 

3.4 Effects on Carotenoids 

Carotenoids such as lycopene, β-carotene, and lutein 

can become more bioaccessible following HPP due 

to cell structure disruption. For example, HPP 

enhances lycopene absorption in tomato-based 

products. However, carotenoids are prone to 

oxidation, necessitating oxygen-free environments 

during processing to preserve their integrity (Akram 

et al., 2021). 

3.5 Effects on Antioxidant Activity 

The impact of HPP on antioxidant activity is largely 

positive and is attributed to increased extraction 

efficiency and structural preservation of bioactive 

compounds like phenolics, flavonoids, and 

carotenoids. However, outcomes depend on the 

specific compounds and food matrix, as some foods 

may experience reduced activity if antioxidants 

degrade during processing (Saini et al., 2022). 

 

Figure: 1 Effect of HPP on Bioactive 

Caption: The graph data indicates that HPP can have a positive impact on some bioactive compounds, 

while potentially having a negative impact on others. 
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4. Preservation or Loss Factors of Bioactive 

Compounds   

4.1 Physical and Chemical Changes Induced by 

HPP 

High-Pressure Processing (HPP) is a non-thermal 

technique that enhances food safety and shelf life 

while preserving nutritional value. It induces both 

physical and chemical changes in bioactive 

compounds. Physically, HPP disrupts cell structures, 

enhancing the release of phytochemicals such as 

polyphenols and carotenoids (Huang et al., 2020). 

Chemically, HPP influences molecular interactions, 

potentially modifying compound stability through 

protein denaturation and affecting oxidative 

reactions. These changes can lead to either 

degradation or stabilization depending on the 

processing conditions (Aganovic et al., 2021). 

4.2 Factors Influencing Bioactive Compound 

Stability during HPP 

Key factors affecting the stability of bioactive 

compounds during HPP include pressure level, 

processing time, temperature, and food matrix 

composition. Higher pressures and extended 

processing times can intensify matrix disruption, 

influencing compound retention. While HPP 

operates at low temperatures, even moderate heat 

can affect stability. The presence of lipids, 

carbohydrates, and proteins may protect or degrade 

bioactives through interactions that vary with 

processing conditions (Amsasekar et al., 2022). 

4.3 Interaction of HPP with Other Preservation 

Techniques 

HPP can be effectively combined with other 

preservation methods such as mild heat treatment, 

refrigeration, drying, or freezing. These hybrid 

approaches enhance microbial inactivation and 

improve the retention of sensitive bioactive 

compounds (Bhilegaonkar et al., 2023). For 

example, combining HPP with mild heat can 

improve both microbial safety and bioactive 

stability. Such integrated strategies optimize 

preservation while minimizing degradation during 

storage. Understanding these interactions is essential 

for improving bioactive retention and functional 

efficacy in plant-based foods (Jacobo et al., 2021). 

.  

 

Figure: 2 Proposed concept map structure illustrating the relationship between high-pressure processing (HPP) 

and the stability of bioactive compounds, highlighting key factors such as physical and chemical 

changes, influencing parameters (pressure, temperature, time, food matrix), and synergistic effects with 

other preservation methods



Muzamail et al., Journal of Natural and Applied Sciences Pakistan, Vol 7 (1), 2025 pp 2013-2028 

2022 
 

5. Effects of HPP on Nutrient Content and 

Organoleptic Properties of Plant Foods 

This section highlights the effects of HPP with 

regards to the nutritional quality and sensory 

properties as well as the consumer acceptance of 

products that have been subjected to HPP.   

Table.2. Summary of the Effects of High-Pressure Processing (HPP) on Nutrient Content, Sensory Properties, and 

Consumer Acceptance of Plant-Based Foods 

Category Effect Details 

Nutritional Quality Post-HPP Preservation of Nutrients 
HPP preserves heat-sensitive nutrients like Vitamin C 

and E. 

 
Improved Nutrient 

Bioavailability 

HPP permeabilizes cell walls, enhancing nutrient 

availability, especially antioxidants. 

Sensory Characteristics 

Affected by HPP 
Flavor Preservation HPP retains the original taste of plant-based foods. 

 Color Enhancement 
HPP-treated fruits and vegetables display brilliant 

colors. 

 Texture Retention 
Texture is slightly lower than in heat-processed foods 

but is generally well-preserved. 

 Mouthfeel Maintenance 
Smoothness and mouthfeel of foods are maintained, 

important for shelf-life. 

Consumer Acceptance High Consumer Approval 
Consumers prefer HPP-treated foods due to preserved 

nutrients, taste, and texture. 

 Non-Thermal Process 
HPP meets consumer demand for non-thermal food 

processing, enhancing nutritional value. 

 Willingness to Pay 
Consumers are willing to pay more for HPP products, 

associating them with better health and taste. 

 Market Appreciation 
Increased consumer knowledge of HPP benefits leads to 

higher product acceptance. 

6. Uses of HPP in the Food Industry  

High Pressure Processing (HPP) is now deemed as a 

revolutionary innovation in the food industry; and 

particularly it has taken a big leap in the field of plant 

functional foods. HPP involves application of very 

high hydraulic pressure which eliminates infectious 

agents and enhances the durability of the food with 

no negative effects on the nutritional value or taste 

(Jönsson et al., 2024). This method is particularly 

advantageous for plant- based functional foods 

containing sensitive bio active compounds to the 

conventional processing techniques.  

6.1 Examples of Marketed Products Treated 

with High-Pressure Processing (HPP) 

High-Pressure Processing (HPP) has emerged as a 

valuable technology in the commercialization of 

plant-based functional foods, enabling the 

preservation of bioactive compounds, flavor, and 

freshness without the use of heat or chemical 

preservatives. One of the most widely known 

applications is in cold-pressed juices, where brands 

like Suja Juice, Evolution Fresh, and Pressed Juicery 

utilize HPP to maintain nutritional integrity and 

extend product shelf life without compromising taste 

(Amsasekar et al., 2022). In addition to beverages, 

plant-based soups, sauces, and purees—such as 

those from Tio Gazpacho and Fawen undergo HPP 

to ensure microbial safety while preserving the 

fresh-like qualities of raw vegetables. These 
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products highlight how HPP can support clean-label 

processing, appealing to health-conscious 

consumers. Furthermore, avocado-based spreads 

like Wholly Guacamole are treated with HPP to 

retain their creamy texture and natural color over 

extended storage periods. Similarly, plant-based 

dips such as Luvo’s hummus and Lantana’s lentil 

dips also benefit from HPP treatment, which helps 

stabilize the product without synthetic additives. In 

the category of functional shots and wellness 

beverages, brands such as Vital Farms and Natalie’s 

Orchid Island Juice Company employ HPP for 

turmeric-ginger shots and antioxidant-rich fruit 

blends, enhancing safety while preserving sensitive 

compounds like curcumin and polyphenols. These 

examples collectively demonstrate that HPP is not 

only effective for preserving nutritional and sensory 

properties in plant-based products but is also 

commercially scalable and widely accepted in the 

marketplace. 

 6.2 Commercial applications of functional 

plant-based foods  

As reported in commercial practices, HPP has been 

useful in improving the nutritious and safety value 

of the plant-based functional foods. It is used for 

retaining the essence of vitamins, antioxidants, 

polyphenols, and other stuffs that provide the health 

values of these foods. Cold pressed juices, plant 

based soups, ready to eat salads are some of the 

products which uses HPP to maintain nutritional 

value and shelf life and without using any chemical 

preservative. Using HPP, manufacturers may deliver 

the client base minimally processed foods, which 

will increase their shelf life and contain more 

nutrients (Ding et al., 2023).   

 

7. Future Direction and Research 

Requirement  

HPP technology is relatively new and its progression 

is quickly becoming dynamic and the trends that 

define its utilization in functional plant based foods 

promising. An emerging trend is combined 

utilization of HPP with other methods of food 

processing like pulsed electric fields and ultrasonic 

treatments to enhance the stability of bioactive 

compounds and ensure the safety and quality of the 

final product. Equipment design has also improved 

over the years more efforts has been directed on 

improving the capability and the size of the 

equipment which is essential for large scale 

industries. Furthermore, more attention is turning to 

the investigation of new pressure and temperature 

values, and using HPP integrated with new 

packaging materials to prolong shelf life, and 

nutrients stability (Pou et al., 2021). However, 

further studies on bioactive compounds in plant-

based foods subjected to HPP are still limited: major 

research gaps. More precise research work is lacking 

regarding the different pathways through which HPP 

influences various classes of bioactive compounds; 

phenolic, flavonoids, vitamins etc. Thus, further 

studies should be conducted to determine the half-

life of the above-compounded products after 

undergoing the HPP process as well as the pressure 

level and processing time that would have maximum 

efficiency of the compounds. There is also some lack 

of knowledge on how HPP influences the 

combination of other food processing techniques in 

terms of retention of bioactive compounds. 

Conquering these gaps will be vital for enhancing 

the further adjustment of HPP conditions for 

enhancing the potentialities of plant functional foods 



Muzamail et al., Journal of Natural and Applied Sciences Pakistan, Vol 7 (1), 2025 pp 2013-2028 

2024 
 

for human health and focus on developing new 

tendencies in the food industry.   

Conclusion  

A relatively new method of innovational change that 

has taken roots in the food industry especially with 

plant based functional foods is High- Pressure 

Processing abbreviated as HPP. Thus by HPP a high 

pressure is used to ax the pathogenic 

microorganisms that could potentially spoil the food 

product while still preserving the nutritional and 

sensory components of the food product. This non-

thermal method is known to have little or no effect 

on bioactive compounds including the vitamins, 

antioxidants and polyphenols that are usually 

affected by the normal thermal treatments. These are 

some of the ways in which appealing to the 

consumers and the capability of the HPP to maintain 

integrity of the natural flavors, colour and texture of 

the plant-based foods serves the consumers in the 

best way possible. In addition, HPP maintains 

endorsement of minimally processed products which 

is an expanding class of products in view of the 

increased demand for fresh and healthy foods. HPP 

is predicted to be the source of further innovation as 

the technology develops with the improvements in 

equipment and its compatibility with other 

processing methods. If this applies continuously in 

the market it will not only enhance food safety and 

shelf life but will increase the acceptance and 

success of functional foods.  
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