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Abstract

Plant breeding is key to growing the pea-processing sector. Interviews with processors revealed that
attributes that enhance processing efficiency and the functional value of pea ingredients are highly
valued. Concerns included undesirable traits in some high-protein pea varieties and consumer
response to the use of gene editing in breeding.

1 Introduction

The demand for protein is increasing globally (Aschemann-Witzel et al. 2021), and pulse crops—
including pea, chickpea and faba bean—are becoming valued sources of high-quality protein (Singh et al.
2024). Pea has been described as one of the most promising and affordable sources of plant protein
(Rogers et al. 2024) and as a more sustainable alternative to meat protein. Meeting the fast-growing
demand for pea protein created by the expansion of manufacturing capacity in the plant-based protein
industry will require increasing supply, particularly given competing uses for pea as feed and direct
human consumption as well as the expansion of manufacturing capacity in the plant-based protein
industry (Byrne and Dowdy 2022; Hoehnel et al. 2022).

Pea is expected to account for approximately 20 percent of the demand for proteins in the market
for plant-based meat alternatives. Global demand for pea protein doubled between 2010 and 2022, with
over 4,500 new food products containing pea ingredients launched globally in 2023 and strong continued
growth forecast through 2029 (Der 2024). The market for plant-based meat alternatives will potentially
utilize 10-15 million tons of peas by 2035 (Ernst & Young 2023), about 3-5 times higher than Canada’s
current annual level of field pea production.

Pea is recognized for its significant nutritional value and properties that support human health
and disease prevention (Lu et al. 2020). As a result, the high-value pea ingredient market is undergoing a
rapid evolution (Sharma et al. 2024). Fractionation for protein as a food ingredient is a growing market
opportunity (Byrne and Dowdy 2022), and processors are continually refining their technology and
processes to enhance the desirable attributes of plant-based ingredients and versatility in food
applications (Fu et al. 2023; Tachie et al. 2023; Singh et al. 2024).

While the plant protein market shows significant potential (Tonsor et al. 2023) and global demand
for pea protein is growing, key hurdles to the long-term growth of the sector include insufficient supply
and unfavorable sensory attributes (Raszap Skorbiansky and Saavoss 2023; Rogers et al. 2024). Among
the threats to supply are climate change (Mapfumo et al. 2023) and diseases such as root rot (Hossain et

1 This article is also linked with the following materials: A Report on Breeding Priorities for the High-Value Pea Processing
Sector in Western Canada; Research Note: Breeding Priorities for the High-Value Pea Processing Sector; and A Report on
Breeding Priorities for the High-Value Pea Processing Sector in Western Canada (Extended Version).
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Figure 1. Canadian field pea production, exports, and yield

Note: This figure presents field pea production levels (million metric tons) in Canada, average pea yield (bushels per
acre), and exports (thousands of tonnes) by marketing year, from 2015 to 2024 (Government of Canada 2025; Statistics
Canada 2025).

al. 2012; Asare et al. 2022). Field pea production and yields in Canada have declined in recent years,
partly due to increasing disease pressures (see Figure 1).

At a time of heightened competition and uncertainty in global markets, plant breeding is
anticipated to play a key role in maintaining North America’s competitive advantage in supplying the
quality and volume of pea needed to meet market demands through the development of more resilient
varieties that possess the attributes demanded by plant processors. The ability to utilize plant proteins in
food ingredients is heavily dependent on their functional properties, including how the components of
the seed behave during processing as well as how the proteins contribute to the texture, stability,
appearance, and nutritional quality of food products. Innovations in biotechnology have the potential to
contribute to the development of new high-protein pea varieties with desirable traits for the food
ingredient market, as in the recent use of gene editing to remove the bitter taste from yellow peas
(Watson 2023). In addition to addressing end-product innovation needs, it is necessary to develop
varieties suitable for evolving processing technologies.

Recognizing the significant potential of the fractionation sector in this challenging environment
necessitates enhanced communication and coordination among members of the plant-based protein
supply chain to overcome barriers. Growth in functional applications in the food ingredient market that
enhance the physical, chemical, and sensory properties of end products is dependent on the interaction
between breeding and processing innovations in product formulation. Consulting processors as part of
the plant-breeding process has the potential to identify issues with new varieties that have implications
for value-added markets that would not otherwise be assessed. In this study, we report the results of
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qualitative interviews with pea processors to gain an understanding of varietal traits valued by the plant-
based food ingredient market and how breeding activities can support growth in the sector.

2 Interview Process and Data Analysis

Thirty-four prospective participants were invited to interviews, with 12 agreeing to participate,
representing a range of small, medium, and large Canadian companies involved in primary processing,
food ingredient processing, and food manufacturers. The processors interviewed were anticipated to
represent the majority of processing in Canada and utilize a variety of processing technologies (milling,
wet and dry fractionation).2 Virtual interviews (45-90 minutes) were conducted and recorded between
May and November 2024. The semi-structured 10-question interview format allowed respondents to
share their opinions on the high-value pea market and provide information relevant to pea breeding.3
Topics included the future of the plant-based food market, attributes valued by processors when sourcing
and processing peas, the use of gene editing in pulse breeding, and the marketing potential of climate-
smart peas (Sanderson et al. 2025). Market focus was dependent on size, with small to medium
processors focusing on domestic markets and exports to the United States and specific European
markets, while large multinational companies were almost exclusively exporting into global markets.
Respondents held diverse positions within their organizations—including chief executive officer, export
sales, procurement, operations, and product development—providing a variety of unique perspectives
and adding to the breadth and depth of information gathered through the interview process.

A thematic analysis following Braun and Clarke (2006) was employed, using a systematic and
iterative approach to identify, analyze, and report patterns and themes within the transcripts. Initial
coding involved the identification of key ideas and concepts, with labeling of relevant segments of the
text. Then, the data were systematically organized to reflect recurring ideas. Each transcript was read
completely a third time, and statements were labeled based on the key concepts they represented. The
transcripts were then reviewed again to organize the key concepts into themes and categories. Theme
development occurred through identifying connections and patterns within the data, after which the
transcripts were reread in their entirety, guided by the emerging themes to ensure that all data relevant
to the identified concepts had been captured and the concepts validated.

3 Processor Priorities for Plant Breeding

Figure 2 ranks the relative importance of the pea attributes based on the frequency with which the trait
was mentioned and the importance assigned to it by processors. This was assessed based on responses to
questions about the most important attributes considered when purchasing peas for processing, the
constraints posed by current pea varieties, and the attributes processors thought plant breeders needed
to focus on to address the future needs of the pulse-based food industry. Respondents were also asked to
indicate what they believed to be Canada’s competitive advantage in global pulse markets and what role
they felt pea breeders could play in maintaining and growing that advantage. A simple scoring scheme
was applied to quantify the importance of the attributes identified through the interview process. Each
attribute raised by a respondent during the interview received a score of 1 or 2. A score of 1 was assigned
for mentioning the attribute at least once as being of interest or importance. A score of 2 was assigned if
the attribute was raised more than once during the interview or if the attribute was described as of high
importance.

2 Two respondents stated that processing volumes and capacity at their facilities was proprietary information, and we believe
this may explain the low participation rate.
3 More detailed information on the methodology employed as well as the results can be found here.
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Figure 2. Pea attributes of value to processors

Note: This figure ranks the relative importance of pea attributes based on the frequency with which the trait was
mentioned and the importance assigned to it by processors during the study interviews.

Responses to these questions provided the context for associating the attribute priorities with
four areas: supply, processing, product development, and market competitive advantage. High
importance was placed on yield as a breeding priority to help guarantee supply and keep input costs
lower. Reducing production risks (such as disease and drought) through breeding was also raised as a
supply issue, to ensure that producers are willing to grow pea in their rotations. Identifying the attributes
of importance to processing was a primary focus of the interview questions. Responses were diverse,
leading to less agreement and lower scores for attributes in this category. Size, consistency in quality, and
ease of separating the protein from other components received the highest importance scores in this
category.

The graph provides evidence that the highest priority attributes are market-driven, fueling
product development and competitive advantage. The attributes of highest importance for product
development were protein, functionality, and taste. The final category of competitive advantage includes
attributes that processors mentioned when describing what was required to access key markets or
compete with other plant-based food ingredients. Several of these were credence attributes, including
Canada’s reputation in international markets for providing quality, sustainably produced, non-genetically
modified peas. The yellow appearance of pea ingredients and the fact that peas do not contain all nine
essential amino acids were cited as negative attributes. Price received the highest score in this category,
with the ability to maintain cost-competitiveness frequently mentioned as key to pea remaining a viable
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input. Recent studies support the importance of price (Raszap Skorbiansky and Saavoss 2023; Adhikari et
al. 2025; Chenarides et al. 2025; Sun et al. 2025).

As food trends evolve and new products are introduced to address consumer dietary preferences,
the food industry has become more competitive (Bashi et al. 2019). Our interviews revealed that plant-
based food ingredient processors compete on technology and product differentiation, focusing on
developing functional pea ingredients that add value to food manufacturers’ products. The competitive
nature of the industry aligns with the finding that processors value pea attributes that enhance
processing efficiency or the functional value of pea as a food ingredient. Processors view the supply of
low-cost peas as key to remaining competitive, placing a high importance on improving yields through
plant breeding. Respondents understood the need for producer incentives to increase pea production.
They agreed that addressing disease and production issues that will enhance yield and reduce risks for
producers should remain a priority for breeding:

What if he (the farmer) could get 75 (bushels) in drought?... So, if he can do that, [ am
guaranteed supply. That is more important to me than sending me a 27% protein versus a
20% protein.

Price was described as a key consideration for pea ingredient buyers. They commented that any
additional cost resulting from purchasing higher-protein pea or establishing certification programs could
not be passed on to buyers but would instead have to be absorbed by processors or producers. Buyers
were often described as being overly sensitive to any price increases to the pea protein ingredients they
purchased. To remain profitable, companies focused on finding ways to keep the prices of their products
low while increasing sales volumes through product innovations. To support product innovation, the
sector has developed processing technologies to improve specific attributes of pea, including taste and
solubility (Isleroglu 2025):

My most expensive costs are my peas going in, and the food manufacturers on the other
end are saying you can’t cost (more)... So, whatever [ pay my farmers, I'm just going to take
the hit because I can’t pass that on.

This price sensitivity was an underlying driver and an important lens for understanding the
sector’s assessment of the attributes of value to the plant-based food ingredient market. When asked
about the need to focus on breeding pea with higher protein content, all respondents agreed that while
higher protein content was beneficial and an important breeding priority for dry fractionators, it was not
the overall highest breeding priority or a primary concern for most stakeholders interviewed. There was
no current market “pull” from ingredient buyers to increase the protein content of the pea flour,
concentrates, and isolates that are available. Processors believe that in the current market environment,
their customers would not be willing to pay more for a product with higher protein content.

Respondents were asked about their thoughts regarding the use of gene editing to achieve desired
attributes through breeding. While respondents recognized the value of gene editing for plant breeding,
they raised concerns about consumer acceptance of the technology. Processors generally felt consumers
may not understand or accept gene editing technology and might not distinguish it from genetically
modified pea. Most processors believed that introducing gene editing into pea breeding at this time could
be detrimental to the food ingredient market and the entire pulse industry in Canada, impeding the
marketability of all products containing pea. Employing gene editing in pea breeding introduces new
challenges related to regulatory distinctions and traceability, potentially creating new regulatory and
trade issues (Sprink et al. 2022). For developers of new pulse varieties intended for international
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markets, awareness and understanding of the regulatory environments of current and potential trading
partners are crucial (Vora et al. 2023).

An important finding of the interviews was that with existing technology capable of processing a
variety of pulses, alternative pulse crops are already emerging as contenders to pea in the protein
ingredient market. Processors spoke of the quickly evolving needs of the plant protein ingredient market
and growing demand for customized products. With an eye to future market needs, processors are
beginning to discuss the attributes of faba beans that make them an attractive plant-based protein
alternative to pea (Dhull et al. 2022; Martineau-Coté et al. 2022). Food ingredient manufacturers are also
beginning to use chickpeas as a source of plant protein (Boukid 2021). If production increases
sufficiently, these pulse crops may potentially eclipse pea as the functional protein ingredient of choice:

Where we’re seeing some issues is the root rot... A lot of growers that used to grow peas
are not at all... So, what we are seeing is some switching to Faba beans because they’re
resistant to that. So that’s why we’re trying to figure out if we can use faba beans in the
same way.

4 Marketable Pea Attributes in the Plant-Based Food Ingredient Sector

The plant-breeding priorities identified by the processors interviewed varied, reflecting the diversity of
processing technologies employed and the specialized nature of the end products. Consistent with a
recent study of pea protein isolate (Moll et al. 2023), the types and functional properties of the pea
proteins were identified as important to processors. For most respondents, the functionality, how the
physical and chemical properties of pea protein behave in food applications, was a higher breeding
priority than increasing the protein content. Processors described pea functionality as a key strength that
can be leveraged in the ingredient market.

Although more protein content has value, most processors were looking for improvements in
other breeding traits that would facilitate the separation of the elements of the pea, improve processing
efficiency and consistency in the final pea products, or enhance specific attributes in the pea necessary to
expand the functional applications, including replacing alternative proteins, starches, or fibers in food
products:

Pea protein, but it’s a collection of proteins. It is not just one protein. And so, understanding
how each one of those fractions of proteins contribute to its performance in an application.
That is how we could really leverage the breeding.

Processing challenges focused on the need for a consistent quantity and quality of peas to meet
operational needs at an affordable price. Specific concerns raised included size, water absorption, and
hull thickness. Separating the protein from other pea components was recognized as a processing
challenge. Pea protein taste was described as limiting its use as a functional ingredient in food
manufacturing. Processors are additionally engaged in product innovation of other pea components,
including fiber and starch, reflecting the desire to maximize value from the entire pea. Processors use pea
starch and fiber in their own products or sell them as ingredients to other food manufacturers (such as
dairies):

We actually sell pea fiber that’s greater than 90% total dietary fiber... if you're extruding
something and you're having trouble making your extrusion work, we just add pea fiber in.
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5 Discussion

In the highly competitive food ingredient market, the price of peas is the primary driver in the processor
purchasing decision and therefore an important consideration for breeders developing new varieties for
the high protein market. This finding is supported by recent studies which demonstrate that consumer
price sensitivity has limited purchases of plant-based foods (Raszap Skorbiansky and Saavoss 2023;
Adhikari et al. 2025; Chenarides et al. 2025; Sun et al. 2025).

Our findings suggest that regulatory inconsistency, limited experience with gene editing
technologies, and uncertainty regarding consumer acceptance have created hesitancy to support the use
of gene editing in pea breeding, even though the benefits are well understood by processors. The release
of even a single gene-edited pea variety could damage the industry given the challenges of identity-
preserved marketing systems and the reputation of pea as a healthy, non-GMO food ingredient. These
insights underscore the need for more information regarding consumer acceptance of gene edited food
and for coordinated policy actions. Government prioritization of science-based regulatory clarity,
investment in public communication strategies, and collaboration with international bodies to harmonize
standards may help reduce perceived risk and foster trust (Ahmad et al. 2023).

Processors felt it was important for plant breeders to understand the needs of the entire supply
chain in setting breeding priorities and be aware that those needs were becoming increasingly
specialized. The potential trade-offs associated with breeding higher-protein pea, either in terms of the
loss of desirable attributes, such as yield, or the creation of undesirable characteristics that negatively
affected the processing or quality of pea protein ingredients were a concern for processors. Past breeding
efforts that have focused on attributes of value to producers have occasionally led to the release of
varieties that proved difficult to process or market because of undesirable traits. If new varieties are to be
successful in the market, it is important to consider whether the attributes developed to address
production issues could be delivered in varieties that also meet the needs of the entire supply chain:

[ would want them to be cautious on the trade-offs. Be very aware of the trade-offs. Higher
protein means what? What is the trade-off... What we’ve seen is a ripple effect... When they
remove the bitter taste, what is the trade off? There’s always something on the other side.

By changing the percentage of protein versus starch and fiber, it changes my wet
fractionation process. It changes the way it acts. So, we are changing the genetics of that
pea, therefore it's changing the way that the proteins will release.

Processors believed that improved communication and collaboration among supply chain
stakeholders would help ensure the quality and marketability of future pulse varieties. These
relationships can be promoted by policymakers, industry associations, and plant-breeding programs by
funding interdisciplinary research combining economics, consumer behavior, and biotechnology, and
developing incentives for collaborative platforms that connect breeders, processors, and retailers.
Several processors indicated a willingness to offer input and feedback to breeders as varieties are being
developed. As a more informed participant in varietal development, processors felt they could also play a
role in promoting new varieties for adoption by growers:

If you have the best product, it’s really easy to market... We very much want you [plant
breeders] to be there and want you to be giving the information and hearing the
information.

Page | 7 Advance Access



Applied Economics Education & Extension ’\‘,f’)ﬂ AAEA

Apricuitural & Apalee
Fod eavmvion, Asenslatien

6 Conclusion

Processors emphasized the importance of aligning plant-breeding priorities with market needs to
maintain and grow the competitive advantage of the Canadian pea-processing sector. Negative
experiences processing specific pea varieties developed without market consultation reinforce the value
of ongoing communication. Our work begins to address the identified need for improved communication
and interaction between stakeholders in the plant-based food supply chain. It reinforces the crucial role
plant breeders will need to play in overcoming the challenges facing the plant-based ingredient sector.
Processors are heavily reliant on the functional properties of pulses to supply the increasingly specialized
plant-based ingredients necessary for successful participation in the food industry. This is supported by
our finding that processors breeding priorities included attributes affecting product quality and
innovation. The highly competitive nature of the industry is further demonstrated by the value
processors place on breeding for pea attributes that enhance processing efficiency and improve varietal
yield and resilience necessary to ensure a stable and affordable supply of pea for processing.

Processors recognized the functionality of pea as a significant strength that could be leveraged in
the ingredient market. Pea may have benefited from recent price inflation in other food ingredients,
making it a more affordable alternative that consumers perceive as contributing “health” value to final
food products. The importance of this consumer image of pea as healthy has led to reservations regarding
employing gene editing in plant breeding. The industry’s priority is a consistent and low-cost supply of
pea that meets the product and process specifications to continue to leverage this image in the food
ingredient market. This has led to a growing reliance on, as well as a vested interest in, both the process
and outcomes of plant breeding.
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