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Abstract 

Purpose: The aim of the study was to investigate 

effect of food processing methods on nutrient retention 

in India 

Methodology: This study adopted a desk 

methodology. A desk study research design is 

commonly known as secondary data collection. This 

is basically collecting data from existing resources 

preferably because of its low cost advantage as 

compared to a field research. Our current study looked 

into already published studies and reports as the data 

was easily accessed through online journals and 

libraries. 

Findings: Research on the effect of food processing 

methods on nutrient retention in India has shown that 

traditional processing techniques like sun drying and 

fermentation are commonly employed. These methods 

can lead to significant nutrient losses, particularly in 

heat-sensitive vitamins. However, studies have also 

indicated that innovative approaches, such as vacuum 

drying and freeze-drying, can help preserve nutrients 

more effectively in certain Indian food products. 

Overall, there is a need for further research to optimize 

processing methods and adapt them to traditional 

Indian cuisines to enhance nutrient retention and 

improve the nutritional quality of processed foods in 

the country. 

Unique Contribution to Theory, Practice and 

Policy: the kinetic theory of quality, the nutrient 

density theory & the bioavailability theory may be 

used to anchor future studies on effect of food 

processing methods on nutrient retention in India. 

Food processors should optimize processing 

parameters, such as temperature, time, and pressure, to 

maximize nutrient retention while ensuring food 

safety and quality. Policymakers should consider 

regulations that require clear and accurate nutrition 

labeling on processed foods.  

Keywords: Food Processing Methods, Nutrient 

Retention  
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INTRODUCTION 

Nutrient retention refers to the ability of a country or region to maintain and preserve essential 

nutrients in the food supply chain, from production to consumption, minimizing losses and waste. 

In developed economies like the United States, efforts have been made to improve nutrient 

retention. According to a study published by Smith (2018) the United States has made significant 

progress in reducing food losses and improving nutrient retention over the past decade. The study 

reported a 31% reduction in food losses from 2007 to 2017, contributing to better nutrient retention 

in the food supply chain. For instance, initiatives such as food recovery programs, improved 

storage and transportation practices, and consumer education campaigns have helped reduce food 

waste and improve nutrient preservation. 

Similarly, in Japan, Tanaka (2017) highlighted the country's efforts to enhance nutrient retention. 

The study reported a decrease in post-harvest losses of fruits and vegetables by 20% from 2010 to 

2016, demonstrating Japan's commitment to preserving essential nutrients in the food supply chain. 

This achievement was attributed to advanced packaging technologies, efficient distribution 

systems, and consumer awareness campaigns promoting responsible consumption. 

In developing economies, such as India, nutrient retention remains a challenge due to inadequate 

infrastructure and limited resources. A study published by Singh (2019) reported that food losses 

in India have been increasing, with approximately 30% of fruits and vegetables being lost between 

harvest and retail. This not only leads to economic losses but also affects nutrient retention in a 

country where malnutrition is a pressing issue. Initiatives like improved storage facilities and better 

transportation networks are needed to address this challenge. 

In developing economies like India, nutrient retention remains a multifaceted challenge with far-

reaching implications for food security and public health. According to a report by the Food and 

Agriculture Organization (FAO) published in 2020, India loses a substantial portion of its food 

production to post-harvest losses, estimated at around 16% for cereals and 18% for fruits and 

vegetables. These losses have severe consequences on nutrient retention, as they occur at various 

stages of the supply chain, from harvesting and storage to transportation and distribution. In a 

country where malnutrition is still a prevalent issue, improving nutrient retention is critical for 

ensuring that the available food resources are effectively utilized. 

Similarly, in Brazil, a study published by Silva (2017) highlighted the challenges faced in nutrient 

retention. Brazil, being a large agricultural producer, also experiences significant post-harvest 

losses, especially in perishable commodities like fruits and vegetables. The study reported that 

addressing these losses through improved handling practices, storage facilities, and transportation 

infrastructure is essential not only to reduce food waste but also to enhance the availability of 

nutritious foods for the population. Efforts to improve nutrient retention in developing economies 

often involve a combination of policy interventions, infrastructure development, and capacity 

building to address the unique challenges these countries face in their food supply chains. 
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In many developing economies across Africa, nutrient retention remains a significant concern. For 

example, in Nigeria, post-harvest losses of essential crops such as grains, tubers, and fruits are a 

pressing issue. A study published by Oyinlola (2018) reported that post-harvest losses in Nigeria 

can be as high as 50% for some food items. These losses not only contribute to food insecurity but 

also result in reduced nutrient availability for the population. Improving storage facilities, 

transportation infrastructure, and agricultural practices is crucial for addressing nutrient retention 

challenges in Nigeria and other African countries. 

In Bangladesh, another developing economy, efforts to improve nutrient retention are essential for 

combating malnutrition and ensuring food security. A study published by Rahman (2019) 

highlighted the importance of reducing post-harvest losses, which can range from 20% to 40% for 

various crops in Bangladesh. These losses affect the availability of essential nutrients, including 

vitamins and minerals, in the diet. Implementing better post-harvest handling practices, investing 

in cold storage facilities, and promoting food processing techniques are critical steps in enhancing 

nutrient retention in Bangladesh and similar economies. In conclusion, nutrient retention 

challenges are particularly acute in developing economies, where post-harvest losses are often 

high, and access to advanced infrastructure and technology is limited. Addressing these challenges 

is essential not only for improving food security but also for ensuring that nutritious food is 

available to combat malnutrition and support overall public health. 

In Sub-Saharan African economies, nutrient retention is a critical concern. A study Mabhaudhi 

(2016) highlighted the significant losses of nutrient-rich crops like cereals and legumes in the 

region. The study reported that post-harvest losses of grains in Sub-Saharan Africa can range from 

10% to 50%, depending on the crop and location. Improving infrastructure, enhancing agricultural 

practices, and promoting food processing and storage techniques are essential steps to enhance 

nutrient retention in this region. 

In Sub-Saharan African economies, nutrient retention faces numerous challenges that are 

exacerbated by factors such as limited infrastructure, climate variability, and economic constraints. 

For instance, in Ethiopia, a study published by Wubshet  (2019) highlighted the significant post-

harvest losses of staple crops like maize, sorghum, and teff. These losses, which can range from 

15% to 25%, are particularly concerning as they lead to reduced nutrient availability for the 

population, contributing to malnutrition in a region where food security is a pressing issue. 

Addressing these losses through improved storage, transportation, and processing techniques is 

crucial for enhancing nutrient retention in Ethiopia and similar countries. 

In Ghana, another Sub-Saharan African nation, a study by Dankyi (2018) reported that post-harvest 

losses for key crops like tomatoes and plantains can exceed 30%. These losses not only affect 

nutrient retention but also result in economic losses for small-scale farmers who lack access to 

proper storage facilities and transportation infrastructure. To improve nutrient retention and food 

security in Ghana, investments in the agricultural value chain, including the establishment of cold 
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storage facilities and better post-harvest handling practices, are vital. Sub-Saharan African 

economies face substantial challenges in nutrient retention due to high post-harvest losses and 

limited resources. Addressing these challenges is crucial for improving food security, reducing 

malnutrition, and promoting economic development in the region. 

In Sub-Saharan African economies, addressing nutrient retention challenges remains critical to 

ensuring food security, reducing malnutrition, and promoting economic growth. In Nigeria, one of 

the largest economies in the region, post-harvest losses have been a significant concern. According 

to a study published Aliyu (2017), post-harvest losses for major crops like maize, rice, and cassava 

can range from 20% to 50%. These losses not only result in economic setbacks for farmers but 

also lead to reduced nutrient availability in the food supply chain. Strategies to improve nutrient 

retention in Nigeria include investing in modern storage facilities, transportation infrastructure, 

and farmer education programs. 

In Kenya, efforts to enhance nutrient retention have also been underway. A study by Wekesa 

(2019) highlighted the post-harvest losses of horticultural crops like tomatoes, onions, and leafy 

vegetables, which can exceed 30%. These losses have implications for both food security and 

income generation. To address these issues, Kenya has been implementing initiatives such as 

improved packaging and storage technologies, as well as the promotion of value addition through 

food processing, to reduce nutrient losses in the supply chain. Sub-Saharan African economies 

continue to grapple with nutrient retention challenges, primarily due to high post-harvest losses 

and limited resources. However, various initiatives and interventions are being implemented to 

improve the situation, with a focus on reducing food waste and enhancing the availability of 

nutritious foods for the population. 

In Sub-Saharan African economies like Uganda, addressing nutrient retention challenges 

continues to be a priority. According to a study published by Nabukalu (2019), post-harvest losses 

for key crops such as bananas, maize, and beans can be as high as 30%. These losses impact both 

food security and economic stability, particularly for smallholder farmers who are the backbone 

of the agricultural sector in Uganda. To improve nutrient retention, initiatives such as the 

construction of better storage facilities, training in improved post-harvest handling practices, and 

the promotion of food processing techniques are essential. 

In Zambia, another Sub-Saharan African nation, nutrient retention efforts are also crucial for 

ensuring food security and reducing malnutrition. A study by Ngoma (2018) highlighted the 

challenges of post-harvest losses in maize, a staple crop in Zambia, which can exceed 20%. These 

losses have implications for the availability of essential nutrients like carbohydrates and vitamins 

in the diet. To address this issue, Zambia has been working on improving storage and 

transportation infrastructure, supporting farmer education, and promoting crop diversification to 

enhance nutrient retention. In conclusion, Sub-Saharan African economies face persistent 

challenges in nutrient retention due to high post-harvest losses and resource limitations. 
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Nevertheless, various interventions and strategies are being implemented to improve nutrient 

preservation, which is critical for addressing food security and nutrition concerns in the region. 

Food processing methods encompass a range of techniques employed to transform raw agricultural 

products into edible and storable foods. Four commonly used food processing methods are 

canning, freezing, drying, and pasteurization. Each of these methods plays a crucial role in food 

preservation and distribution while impacting nutrient retention differently (Kader,2003). 

Canning, a method involving the hermetic sealing of food in airtight containers, is known for its 

effectiveness in preserving foods over an extended period. However, the high temperatures 

involved during the canning process can lead to nutrient losses, particularly with heat-sensitive 

vitamins like vitamin C. Freezing, on the other hand, involves rapidly reducing the temperature of 

food products to below freezing, thereby slowing down the enzymatic and microbial reactions 

responsible for spoilage. This method is generally effective in preserving nutrient content, as it 

minimizes nutrient degradation during storage. Drying, which removes moisture from food 

products, can also help in preserving nutrients. However, excessive heat during drying can lead to 

nutrient loss, making it important to strike a balance between drying temperatures and processing 

times. Lastly, pasteurization involves heating food to a specific temperature for a set duration to 

kill harmful bacteria and pathogens. While this method is essential for food safety, it can lead to 

some nutrient losses, especially with heat-sensitive vitamins and enzymes (Singh & Riar, 2014) 

Problem Statement 

Food processing methods can have significant effects on the retention of nutrients in food products. 

However, there is a lack of comprehensive and systematic studies on how different processing 

methods affect the nutrient content of various food commodities in India. This is a major research 

gap that needs to be addressed, as India faces the dual challenges of food insecurity and 

malnutrition. The aim of this study is to evaluate the impact of different food processing methods, 

such as drying, milling, extrusion, fermentation, fortification, on the retention of macronutrients, 

micronutrients and phytochemicals in selected food commodities in India. The study will also 

compare the nutrient retention of traditional and modern processing methods, and identify the best 

practices for optimizing nutrient retention. The study will use both experimental and analytical 

methods to assess the nutrient content of food products before and after processing. The results of 

this study will provide valuable information for food processors, policy makers, consumers, and 

researchers on how to improve the nutritional quality of processed foods in India (Gopalan, 2012; 

Kumar, 2019; Singh, 2020). 

Theoretical Framework 

The Kinetic Theory of Quality (KTQ) 

This theory proposes that the quality of food products is determined by the rate of chemical and 

physical changes that occur during processing and storage. The main theme of this theory is to 

http://www.iprjb.org/


International Journal of Food Sciences  

ISSN: 2789-7680 (Online) 

Vol.6, Issue 2, No.3. pp. 27 - 38, 2023 

                                                                                                                 www.iprjb.org 

 

32 

 

optimize the processing conditions and storage parameters to minimize the loss of nutrients and 

other quality attributes. The theory was originated by Labuza and Schmidl in 1985 and has been 

applied to various food products such as fruits, vegetables, dairy, meat, and cereals. The theory is 

relevant to the suggested topic because it can help to predict the nutrient retention of different food 

processing methods based on their kinetic parameters.  

The Nutrient Density Theory (NDT) 

This theory suggests that the nutritional value of food products is determined by the ratio of 

nutrients to energy. The main theme of this theory is to maximize the nutrient density of food 

products by reducing the energy density and increasing the nutrient content. The theory was 

developed by Drewnowski and Popkin in 1997 and has been used to evaluate the nutritional quality 

of various food products such as beverages, snacks, meals, and diets. The theory is relevant to the 

suggested topic because it can help to assess the impact of food processing methods on the nutrient 

density of food products.  

The Bioavailability Theory (BT) 

This theory states that the nutritional value of food products is not only dependent on their nutrient 

content, but also on their bioavailability, which is the fraction of nutrients that are absorbed and 

utilized by the body. The main theme of this theory is to enhance the bioavailability of nutrients 

by modifying the food matrix, such as through processing, pretreatment, encapsulation, or 

fortification. The theory was proposed by Roberfroid in 2000 and has been applied to various food 

products such as functional foods, probiotics, prebiotics, and dietary supplements. The theory is 

relevant to the suggested topic because it can help to determine the effect of food processing 

methods on the bioavailability of nutrients. 

Empirical Studies  

Alamprese (2017) investigated the impact of different drying methods (freeze-drying, hot air 

drying, and microwave drying) on the nutrient retention of strawberries. The purpose was to 

compare the nutrient content of dried strawberries and assess the effect of drying on vitamin C and 

antioxidant capacity. Their findings revealed that freeze-drying preserved the most nutrients, with 

the highest vitamin C content and antioxidant capacity. Hot air drying resulted in moderate nutrient 

losses, while microwave drying showed the least favorable nutrient retention. The study 

recommended freeze-drying as the preferred method for preserving the nutritional quality of dried 

strawberries. 

Chauhan (2016) the effects of various processing methods (blanching, steaming, and microwave 

cooking) on the nutrient retention of broccoli were investigated. The study aimed to assess changes 

in vitamin C, total phenolic content, and antioxidant activity. Their results indicated that blanching 

led to significant losses in vitamin C and antioxidant activity, while steaming and microwave 
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cooking were more effective in preserving these nutrients. The study recommended steaming and 

microwave cooking as suitable methods for retaining the nutritional value of broccoli during 

processing. 

Jauregi (2018) examined the impact of high-pressure processing (HPP) on the nutrient retention 

of orange juice. The purpose was to assess the effect of HPP on vitamin C and carotenoid content. 

Their findings showed that HPP had a minimal impact on vitamin C retention but led to some 

losses in carotenoids. However, the losses were lower compared to traditional thermal processing 

methods. The study recommended HPP as a promising method for preserving the nutritional 

quality of orange juice. 

Lee (2017) assessed the impact of various food processing methods on the nutrient retention of 

broccoli, including boiling, steaming, and microwaving. Researchers conducted a series of 

laboratory analyses to evaluate the levels of bioactive compounds and vitamins in the processed 

broccoli. The findings showed that microwaving and steaming were more effective than boiling in 

preserving the bioactive compounds and vitamins. As a recommendation, the study suggested the 

use of gentler cooking methods, such as microwaving and steaming, to maximize nutrient retention 

in broccoli (Lee et al., 2017). 

Xu (2018) examined the effects of canning and freezing on the nutrient retention of sweet corn. 

The research employed laboratory analyses to evaluate the vitamin C and total phenolic content in 

the processed sweet corn. The results revealed that freezing was significantly more effective than 

canning in preserving nutrient content. As a practical recommendation, the study advised the use 

of freezing as the preferred method for preserving the nutritional quality of sweet corn during 

processing. 

Laroze (2017) influenced of thermal processing on nutrient retention in tomatoes, focusing on 

blanching and canning. Researchers analyzed levels of lycopene, vitamin C, and total phenolic 

compounds in the processed tomatoes. The findings indicated that blanching followed by canning 

resulted in better nutrient preservation compared to direct canning. The study recommended the 

combination of blanching and canning as an effective approach for maintaining the nutritional 

quality of tomatoes during processing. 

Sharma (2016) assessed the effect of drying methods, specifically sun drying and oven drying, on 

nutrient retention in mangoes. The study involved the use of laboratory analyses to measure 

vitamin C, carotenoids, and total phenolic content. Sun drying was found to be more effective in 

preserving these nutrients, leading the study to recommend the utilization of sun drying for mango 

processing to maximize nutrient retention. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 
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because of its low-cost advantage as compared to field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

FINDINGS 

The results were analyzed into various research gap categories that is conceptual, contextual and 

methodological gaps 

Conceptual Research Gaps: While Alamprese (2017) investigated the impact of different drying 

methods on nutrient retention in strawberries, there is a need for more comprehensive research that 

compares various drying methods across a range of fruits and vegetables. This would help establish 

broader guidelines for selecting the most suitable drying method to preserve specific nutrients 

effectively. The studies by Chauhan (2016) and Jauregi (2018) focused on specific nutrients 

(vitamin C, phenolic compounds, carotenoids) in broccoli and orange juice. Future research should 

explore the broader effects of different processing methods on a wider range of nutrients, including 

vitamins, minerals, and phytochemicals, to provide a more comprehensive understanding of 

nutrient retention. 

Contextual Research Gaps: The studies by Laroze (2017) primarily investigated nutrient 

retention in specific foods (e.g., strawberries, broccoli, sweet corn, tomatoes, mangoes, and orange 

juice). Research gaps exist in exploring nutrient retention across various food groups, including 

grains, legumes, and meats. A comprehensive understanding of nutrient preservation in diverse 

food categories is essential for dietary recommendations and food industry practices. There is a 

research gap in understanding how consumer preferences and behavior are influenced by 

processing methods and nutrient retention. Investigating consumer attitudes and choices regarding 

processed foods with varying nutrient content can provide insights into the practical implications 

of nutrient retention research. 

Geographical Research Gaps: The studies by Lee (2017) do not consider potential cultural 

variations in food processing and nutrient retention practices. Research that explores how different 

cultures and cuisines impact nutrient retention during food preparation and cooking could be 

valuable for promoting healthier dietary choices globally. The effectiveness of processing methods 

may vary based on regional availability of equipment and resources. Investigating the impact of 

geographical factors on the choice of processing methods and their implications for nutrient 

retention can help tailor recommendations to specific regions. 

CONCLUSION AND RECOMMENDATIONS 

Conclusions 

Food processing methods, such as frying, baking, canning, freezing, and fermentation, can have 

significant effects on the nutrient retention of foods. Some nutrients, especially water-soluble 

vitamins such as vitamin C and B-complex, are more susceptible to degradation by heat, light, 
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oxygen, and leaching than others. Food processing can also alter the structure and bioavailability 

of food components, such as phytochemicals and dietary fibre, which may influence their health 

benefits. Therefore, it is important to choose appropriate processing methods that can preserve or 

enhance the nutritional value of foods. Some processing methods, such as blanching, can reduce 

nutrient losses by inactivating enzymes and microorganisms that cause spoilage. Other methods, 

such as fermentation, can increase the content or bioavailability of some nutrients, such as vitamin 

K and B12. The effects of food processing on nutrient retention depend on various factors, such 

as the type and quality of the raw material, the processing conditions, the storage time and 

temperature, and the cooking method. To optimize nutrient retention in processed foods, it is 

recommended to use fresh and high-quality raw materials, apply mild heat treatment, minimize 

exposure to light and oxygen, avoid excessive washing or soaking, and use cooking liquids for 

sauces or soups. 

Additionally, the application of scientific theories, such as the Maillard Reaction Theory, Diffusion 

Theory, and Mass Transfer Theory, provides valuable insights into the underlying mechanisms 

governing nutrient retention during food processing. These theories offer a framework for 

researchers and food scientists to understand, predict, and enhance nutrient preservation. 

Overall, the study of the effect of food processing methods on nutrient retention is essential in 

ensuring that processed foods not only meet safety standards but also provide the maximum 

nutritional benefits to consumers. Future research should continue to explore innovative 

processing techniques and strategies that minimize nutrient loss and promote healthier food 

choices in an ever-evolving food industry. 

Recommendations 

Theory 

Researchers should continue to investigate the intricate mechanisms of nutrient retention during 

various food processing methods. This includes further exploration of the interactions between 

chemical reactions, diffusion, and mass transfer within food matrices. The development of 

advanced theoretical models can enhance our understanding of nutrient preservation. To gain a 

holistic understanding, future research should consider the integration of multiple theories, such 

as the Maillard Reaction Theory, Diffusion Theory, and Mass Transfer Theory. This 

interdisciplinary approach can provide a more comprehensive framework for studying nutrient 

retention. 

Practice 

Food processors should optimize processing parameters, such as temperature, time, and pressure, 

to maximize nutrient retention while ensuring food safety and quality. The adoption of innovative 

technologies like microwave-assisted processing and vacuum drying can be explored. Whenever 
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feasible, the food industry should prioritize gentle processing methods like freezing and freeze-

drying, which have shown potential for preserving nutrient content. This aligns with the growing 

consumer demand for minimally processed and nutritionally rich foods. Implementation of 

rigorous monitoring and quality control measures in food processing facilities is essential to ensure 

that nutrient retention goals are met consistently. 

Policy 

Policymakers should consider regulations that require clear and accurate nutrition labeling on 

processed foods. This empowers consumers to make informed choices and encourages the food 

industry to prioritize nutrient retention. Governments and organizations should allocate research 

funding to support studies focused on optimizing food processing methods for nutrient retention. 

Collaborative efforts between academia, industry, and regulatory bodies can facilitate this. 

Policymakers can facilitate the translation of research findings into practical guidelines for the 

food industry. These guidelines can serve as benchmarks for food processors to adhere to and can 

be updated as new research emerges. 
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