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ABSTRACT

PROMOTING THE CONSUMPTION OF BEANS AND OTHER PULSES FOR PUBLIC
HEALTH: A TRANSLATIONAL APPROACH TO ADDRESS CONSUMER BARRIERS TO

INTAKE

Beans and other pulses (i.e., the dry, edible seeds of non-oilseed legumes like chickpeas,
cowpeas, dry beans, dry peas, and lentils) are linked to a myriad of positive impacts on human
and environmental health, including promotion of gut health and healthy weight management,
reduction of chronic disease risk, mitigation of greenhouse gas emissions, improvements in soil
health, conservation of water resources, and more. Moreover, pulses are highly nutrient-dense,
have a long shelf-life, demonstrate wide culinary versatility, and are relatively affordable
compared to other foods. Accordingly, pulses offer the chance to consume a healthful diet based
on sustainable food choices, all at an economical price point.

Although this combination of positive assets may make pulses seem like a natural choice
for consumers to include as a dietary staple, global consumption of pulses has stagnated at
around 21 g/day/capita. This research focuses on United States consumers, who eat less than 1
cup of cooked pulses per week, which is below the recommendation. According to the Dietary
Guidelines for Americans (DGA), there are only four dietary components of public health
concern (i.e., nutrients or other dietary components — like fiber — for which low intakes are
associated with health concerns) in the United States. Among these four dietary components of
public health concern are dietary fiber and potassium. Pulses are rich in both, thus increasing

intake across the population could contribute to raising levels of these critical dietary
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components. Although it depends on age group and gender, the levels of pulse intake
recommended by the DGA are around 1 — 3 cups per week. Increasing intake to meet this
recommendation would help provide adequate levels of dietary components of public health
concern. Raising it even further, to around 1 cup per day, has been associated with numerous
human health benefits, as discussed in the Introduction.

Reversing the current trend of dramatically low consumption would allow the public to
better capitalize on all the benefits that pulses have to offer. To achieve this, it is vital to address
the potential barriers to pulse intake that consumers face, paramount among them being
unfamiliarity with how to cook and prepare pulses, long cooking times, and concerns over
flatulence. Simultaneously, it is key to highlight the many motivating factors to eat pulses,
including taste and culinary versatility, nutrition and health, and environmental benefits. Through
engaging in a translational approach that addresses barriers and emphasizes motivators, not only
is knowledge disseminated, but consumers can be motivated to engage in behavior change and
increase their pulse consumption.

This research is comprised of three primary efforts designed to directly target motivators
and mitigate barriers to pulse consumption in the United States: 1.) creation of an Extension
Bean Toolkit, which includes various consumer resources and an online 1-hour class; 2.)
development of the Bean Cuisine and engagement with citizen scientists to improve the cuisine
and monitor impacts of participation; and 3.) testing of the effects of elevation and soaking
conditions on bean cooking time to address the concern over long cooking times and provide
consumers with accessible cooking tips.

Before designing the Extension Bean Toolkit, a Food Habits Survey was conducted to

better understand preparation and consumption habits, barriers, motivators, and potential points
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of consumer interest related to pulses. Based on results and in conjunction with review of the
literature, resources were developed for the toolkit, as well as the 1-hour class, titled Beans:
Good for You, Good for the Planet. Participation in the class resulted in significant gains in
knowledge about pulses, an increase in the importance of motivators, a decrease in how much
barriers discourage consumers, and consumption frequency also appeared to increase. See
Chapter 2 for details.

The Bean Cuisine is a 2-week cuisine (i.e., meal plan) with 56 pulse-centric recipes that
correspond to 14 unique breakfast, lunch, snack, and dinner ideas. The Bean Cuisine was
designed to have 35% of dietary protein from pulses, due to recent preclinical findings that
suggest this level of consumption is when benefits for gut health and weight maintenance are
attained. The main barrier addressed was lack of awareness of how to cook and prepare pulses,
and culinary versatility was a main motivator. Fifty-six citizen scientists were recruited and
provided feedback on one day (i.e., four recipes) of the Bean Cuisine, and impacts of
participation were monitored. The Bean Cuisine was modified based on their feedback to
improve the recipes to ensure they were clearly written and the taste would appeal to a wider
audience. Participation in the project resulted in significant gains in knowledge about pulse
health benefits, versatility, and how to cook dry pulses. Moreover, common themes in free
response data demonstrated that citizen scientists had increased awareness of pulse variety and
versatility, they changed the frequency of and ways in which they ate pulses, they had a positive
experience and thus a good perception of citizen science, and that some became pulse advocates,
sharing the benefits of pulses with their communities. More details can be found in Chapter 3.

Not knowing how to cook dry pulses and the long cooking times pose barriers to regular

pulse intake. Therefore, to be able to provide consumers with better information regarding the

v



effects of cooking conditions and elevation on cooking time, a Mattson cooker was used to
assess the cooking time of pinto beans at four locations, ranging from around sea level to over
3,000 meters. Seven different cooking conditions were evaluated in replicate at each location: an
overnight soak or a quick soak in only water or in a 1% solution of sodium chloride or sodium
bicarbonate, with a no soak and no salt added comparison. Cooking time increased with
elevation, and both the soaking of beans and the addition of salt shortened cooking time. A
handout was created to equip consumers with information and practical, accessible tips to
facilitate faster, better experiences when cooking dry pulses. Refer to Chapter 4 for details.
Through the Extension Bean Toolkit and Bean Cuisine citizen science work, a
translational approach was adopted to reach the public with current research findings that aligned
with areas in which they expressed interest. The mitigation of potential barriers to pulse intake
and the highlighting of the numerous benefits of pulses was a primary focus in this work. After
participating in the Extension class or citizen science project, participants demonstrated greater
knowledge about pulses. More importantly, they expressed a greater intention to eat pulses,
indicating that participation in these translational projects helped motivate them to change their

behavior and regularly integrate more pulses into their diets.



ACKNOWLEDGEMENTS

How do I write an Acknowledgements section that even comes close to doing justice to
recognizing all the support I have received along my PhD journey? I feel incredibly blessed to
have a strong network of mentors, colleagues, family, and friends, and I cannot thank you all
enough.

Thank you to my wonderful Advisors and Committee members: Marisa Bunning,
Michelle Foster, Henry Thompson, and Becca Jablonski. Your guidance — both in academia and
in life — has been invaluable. Your emails responding to my questions at all hours of the day and
constant words of encouragement have not gone unnoticed, nor have the times you brought me
souvenirs from your trips, fresh vegetables from your gardens, or that we shared a meal, home
baked goods, or a caffeinated beverage. Henry, a special acknowledgement to you for being one
of the main reasons I found my true passion and future career path: beans and other pulses.

To the Food Science and Human Nutrition Department of Colorado State University
(CSU): thank you professors for all the hours in the classroom, to the Department Heads and
front office staff for keeping everything running and providing us with opportunities, to my
fellow graduate students, to folks who shared conversations that encouraged me to keep going,
and to my wonderful colleagues in Hospitality Management for your friendship and the chance
to be your Graduate Teaching Assistant. To other colleagues CSU, especially the Food Systems
team, thank you for your collaboration. And more broadly, to collaborators at other universities, I
so appreciate you providing input on my research, supporting my academic journey, and even

directly participating, like Karen and Carlos.

Vi



CSU Extension: I could not have accomplished this all without you. My sincere thanks
for training me on how the Food Safety and Health team conducts outreach (especially Marisa,
Jess, and Elisa), letting me stay at your home to test bean cooking times at higher elevation, for
including me as part of the Horticulture team and buying me a lovely bean necklace when I had
to step down to focus full-time on beans, for inviting me to the County Fair (Bean Dazzle,
Alison!), farmers’ market, and other offices and research centers to talk about beans, for
welcoming me at Food Systems meetings and events, for helping me spread the word about
surveys, classes, and the Bean Cuisine citizen science project, and for all the other things in
between, be they big or small.

A huge thank you to the amazing citizen scientists, class participants, and survey
respondents that allowed this research to happen. I hope you enjoyed interacting with me at least
half as much as I enjoyed and appreciated all of you. In addition, I appreciate everyone’s support

via my outreach platform, A Legume a Day (https://alegumeaday.com/). Also thank you to the

Colorado Department of Agriculture for providing much of the funding for this research.

I also want to thank those in the bean industry for their support. You inviting me to speak
at events around the country and internationally has brought so much joy and meaning to my life.
It is a pleasure to learn from one another and meet other bean colleagues on these trips, and I feel
blessed to have the chance to share the important message of beans with a wider audience. A
special thanks to the US Dry Bean Council, Todo con Frijol, Beans is How, Colorado Dry Bean
Committee, Northarvest, Nebraska Dry Bean Commission, Rocky Mountain Bean Dealers, and
Michigan Bean Commission. Also thank you to all the growers who shared their knowledge and
livelihood with me as I peppered them with questions, letting me visit them in the field and even

hop in their tractor or combine. My thanks also goes out to a wide number of bean companies.

vii


https://alegumeaday.com/

And last but most certainly not least, thank you to family and friends. It would be a lie to
say that every day was easy and positive — as is the case both in academia and in most endeavors.
Your constant support and willingness to be a sounding board provided the energy to get me
through rough patches, just as much as it was a joy to celebrate the successes together. To my
incredible husband, Sungkyul, thank you for eating an inordinate amount of beans with me, and
for listening to me happily babble on about beans on a daily basis. To my parents: I finally made
it! Thank you for supporting my academic journey from the very, very beginning, and always
telling me I could do this.

If I omitted your name, please know it was not intentional and feel my warm gratitude.

Cheers to the next chapter of life, and may it be full of beans!

viii



TABLE OF CONTENTS

ABSTRACT ...ttt ettt e et e bt e bt eat e e seeeateeseeeaeesaeesseesseenseenbeenteenseeneeensenneens ii
ACKNOWLEDGEMENTS. ...ttt ettt ettt st e e teesaee b e sabeesaesnseenseesnseennes vi
Chapter 1 — Back@round...........cooouiiiiiiiiciiecc ettt e e e e eesnaeeenaeas 1
SUMIMATY ...ttt ettt ettt e ettt e et e e saaa e e e sabeeeasbeesasaeeesseessneesnsseeenns 1

WHhat AT@ PULISES?... oottt ettt ettt e s ebe e saeesaaeebeeesseenseens 2
Nutritional and Human Health Benefits of Pulses...........cccceeviiieiiiiiciiiieececceeee 4

Pulse NULIIHION. ...ttt 4

Human Health Benefits of Pulses............ccoooiiiiiiiii i 9

Pulses and Healthy Body Weight Management.............................. 10

Pulses and Chronic Disease Risk Reduction: Type 2 Diabetes............. 12

Pulses and Chronic Disease Risk Reduction: Cardiovascular Disease.....13

Pulses and Chronic Disease Risk Reduction: Cancer........................ 15

Pulses Promote Gut Health...................., 19

Environmental Benefits of PUlSes.........ccccoeviiiiiiiiiiiiieece e 20

Pulses Can Reduce Greenhouse Gas Emissions............c.cccevviiiiiiiiiiinneann... 21

Pulses Can Improve Soil Health..................ooi i, 23

Pulses Contribute to Water Conservation and Improved Water Quality............ 24

Pulses Can Help Reduce Land Use............cooiiiiiiiiiiiiiiiiiieieiee 25

Barriers and Motivators for Pulse Consumption............ccccueeeeiiieriiieeciieeniieeeieeeeiee e 27
Current Pulse Intake Levels.........oooiiiiiiiiii e, 27

Barriers to Higher Pulse Consumption..............coooiiiiiiiiiiiiiiiiiiiieeenn, 30

Motivators for Pulse Consumption..............coouiiiiiiiiiiiiiiiiiiiiiiiaeeanannn. 32

A Translational Approach...........cooiiiiiiiiiii e 36

Chapter 2 — A Translational Approach to Increase Pulse Intake and Promote Public Health
Through Developing an Extension Bean Toolkit................coooiiiiiiiiiiiiiiniiiieeeieeeene 37

SUINIMATY ..ottt e e e ettt e e e et e e e s aateeeesentaeeeeansseeeeennssaeeesannsseeeannnns 37
INETOAUCTION. ...ttt e e e st e e st e e e saeeessaee e nsaeessnseeesnseeensseeens 38
Materials and MethOdS.........ccueiuiiiiiiiiiiciiee ettt e 41
Food Habits Survey Development...........cccoviiiiiiiiiiiiiiiiiiiiiee e 41
Development of Toolkit Components...........oouvvviiiiiiiiiieiiiiiieeiieennaannn, 44
Designing and Conducting the Extension Class..............ccoooevviiiiiiiiin.. 46
Validation Class.......c.ovuiiiiiiii e 47

Final Extension Class.........c.oviuiiiiiiiiiiiiii e 48

Statistical ANALYSES......cccuieruiiiiieiieeie et ens 49
RESUILS. ..ttt e e et e et e e e eate e e e be e e enabaeeeenbaeeennreeeennns 50
Food Habits SUIVEY.......c.iiiiiiiii e e e 50

Pulse Intake Frequency and Preparation Habits.............................. 50

Pulse Preference and Form in Which Pulses Are Eaten...................... 53

Motivators and Barriers to Pulse Intake.......................ool, 54

Topics of Interest and Preferred Resource Format........................... 57

CSU Extension Bean ToolKit............coviiiiiiiii e 58



Bean Calendar. .......cooeemuniie e 58

Social Media.......o.ovuiiniiii 58

Bean Handouts..........ooiiiiiiii i 60

Extension Bean-Related Blog Posts..............ccocoiiiiiiiiiiiiiiin, 60

EXtenSion Class. .....ouuieiiiii i 61
Changes to Consumption and Bean Preparation Habits..................... 62

Changes to Knowledge and the Importance of Motivators and Barriers...64

Themes in the Free Response Data...............ocooiiiiiiiiiiiiiinnnn.. 66

DIISCUSSION. ... ettt ettt ettt ettt ettt ettt sbt et e bt et esbe et e bt estesateebtenbeeasenaees 73
Food Habits SUIVEY........ooiiiiii e, 73

Pulse Intake Frequency and Preparation Habits.............................. 73

Pulse Preference and Form in Which Pulses Are Eaten...................... 74

Motivators and Barriers to Pulse Intake...................c 76

CSU Extension Bean Toolkit and Class..............coooiiiiiiiiiiiiiiiiiiiienn. 77
EXtenSion Class. .. ...ouuiuiiiii i e 80
Changes to Consumption and Bean Preparation Habits..................... 80

Changes to Knowledge and the Importance of Motivators and Barriers...82

Themes in the Free Response Data..............ccccooiiiiiiiiiiiiiinnnn.. 85

Limitations and Future DIireCtions...........ccocueerieiiiiiiiiinieiiieieeeeeeee e 88
COMNCIUSIONS. ..ttt ettt et ettt e ettt e e a b e e bt e sbbe e bt e eabeesabeesabeenbeenneas 90
Chapter 3 - Bean Cuisine: The Potential of Citizen Science to Help Motivate Changes in Pulse
Knowledge and ConSUMPLION. .......c..iiiiiiiiieeeiieeeciee et e ete e et e e s teeesaeeessaeeessseeesseessseessneessseeenns 92
SUINIMATY ...ttt e e e et ee e e et e e e s aateeeesensaeeeeannseeeeennssaeeesennsseeeannnns 92
INEEOAUCTION. ...ttt sttt st st sbe e e nas 93
Materials and MethOods. .......coc.eiuiiiiiiiii e 96
Creation of the Bean CUiSINe..........cooeeiiiiiiiiiiieiieeieeeeeee e 96
Citizen Scientist Recruitment and ASSIZNMENL...........cccvervieriierieenienieeiienreeeeens 98
Citizen Scientist Kit and Training...........ccceeeeivieriieeiiieeriee e 99
Citizen Scientist Feedback Form............coocoiiiiiiiiiiicee, 102
Statistical ANALYSES......cccvieiuiiiiieiieiie et 103
Modifying the Bean CUiSINe.........ccceeevviieiiieeiiieeiiee e eeeeevee e evee e e 104
SeNSOTY PaNCl.......ooiiiiiiiiiiee et 105
RESUILS. ... ettt ettt b ettt ettt 105
Citizen Scientist DemographiCs.........ccceeecvieriiiieiiiieeciie e eee e 105
Citizen Scientist Feedback and Bean Cuisine Modification............cccccecueeuennee. 106
Impacts of Participation...........cceeeueiiieriieniieeie e 107
Participation in CitiZeN SCIENCE........cccvuierivreeeiieeriieeeitieeeieeeereeeereeesreeeeseeenneeas 110
SeNSOTY PANCl.......veiiiiiiiiieee e e 117

Final Bean CUISINE. ........ccouieiiieiieiiieiee ettt ettt ettt e esaesnae e 119
DDISCUSSION. ..ttt ettt ettt ettt ettt ettt et e bt et e e et e e bt e e bt e eab e e bt e enbeeenbeeeseeenseesaseenne 121
Bean CuiSine Creation........ouuieuieiieeiienie ettt ettt et e 121
Citizen Scientist Demographics...........cccuierieriienieeiieeieeee e 123
Citizen Scientist Feedback and Bean Cuisine Modification............ccccccecueeuennee. 123
Impacts of PartiCIpation...........c.eeeeuieeriieeiiie et 125



Participation in CitiZeN SCIENCE........cccvvieriureeriieeriieeeiteeeeieeeereeesreeeereeesreeenaneas 128

SeNSOTY Panel.......cc.oooiiiiiiiiiiiie e 131

The Bean Cuisine as a Model for Stealth Health Approaches...........c.ccccceuee.e. 131
Limitations and Future DIireCtions............coooueiiiiniiieniiiiienieeeesee e 132
CONCIUSIONS. ...ttt ettt et b et s bt ettt sae et eat e et e st e sbeenaeenee e 133
Chapter 4 - The Effects of Elevation and Soaking Conditions on Dry Bean Cooking Time......135
SUIMIMATY ..ottt et e e et e e e ettt e e e s teeeeesnsaeeeeanseeeesnnsseeesennsseeeannns 135
INEEOAUCTION. ...ttt ettt et sttt s naes 136
IMIETROMS. ...ttt sttt et sttt et st 139
Bean Material.........coouiiiiiiiiiie e 139
Cooking Conditions and LOCatioNS...........cceevveeiierireniienieeiieeie e eie e 139
AssesSINg COOKING TIME....ceoiiiiiieiieiieeiteeiie ettt e siae e 141

Water Uptake, pH, and Moisture Content............ccceeevuveeeeieeecieeeniieeniie e 142
Statistical ANALYSES......cccvieiiiiiiieiieiie et 142
RESUILS. ... ettt ettt et sttt ettt ettt ae s 143
Average Cooking Time, Water Uptake, pH, and Moisture Content.................... 143
Cooking Time Varies with Cooking Condition and Elevation on Cooking

TIMC. .o 146

Percent Changes in Cooking Time.......c.cccovuiririiieeiiieeiiie e 149
DDISCUSSION. ..ttt ettt ettt ettt et ettt e bt e bt e e st e e bt e e bt e eabe e bt e ebeesnbeeesbeenbeesateenne 153
Impacts of Elevation and Cooking Conditions on Cooking Time..............c....... 153
Effects of pH and Water Uptake on Cooking Time..........ccceeeeuveeecieenieeenieeenee. 156
Interaction of Elevation and Cooking Conditions..........cccceeevevveerciieenciieenveeennen. 157
Development of a Consumer ReSOUICE..........ccveviieriieniieniieiieeieeiee e 158
Limitations and Future DIireCtions............covueiiiiniiienieiiienieeieeseeee e 160
CONCIUSIONS. ..ttt ettt ettt et e b e et e bt e eab e e bt e e abeesnbeeesbeenbeesaeeenne 162
Chapter 5 - Conclusion and Future DIr€Ctions...........cc.eevieeiiienieeiiieniieeiieniie e esiee e eiee e e 163
SUINIMATY ..ttt ettt e e e ettt e e e et e e e asaeeeeeesnsaeeeeannnseeesannssseeesennsaeeennns 163
CONCIUSIONS. . . .ttt e e e e e e 163
Limitations and Future DIreCtions. ...........oouiuiiiitiiiiiiiii e 167
Food Systems Considerations. ...........vueiiniiiiiiie i i e e 171
REFERENCES . ..o e, 174

xi



CHAPTER 1: BACKGROUND

Summary

Pulses — the dry, edible seeds of non-oilseed legumes, such as chickpeas, dry beans, dry peas,
and lentils — are well-known for the many benefits they can offer for human and environmental
health. A highly nutrient-dense food, they contain almost no fat and are an excellent source of
dietary fiber and rich in protein and various micronutrients, including potassium, iron, and B
vitamins like folate. Consumption of pulses is associated with promotion of gut health and
healthy weight maintenance, as well as a reduction in the risk of several chronic diseases, such as
type 2 diabetes, cardiovascular disease, and certain types of cancer like colorectal cancer. In
addition to these benefits for public health, the environmental benefits of pulses are numerous, as
they can help reduce greenhouse gas emissions, improve soil health, and conserve land and water
resources. Importantly, pulses are relatively affordable, meaning that these benefits are available
at an economical price point. Nonetheless, U.S. pulse consumption has declined in recent
decades, and this important food crop is dramatically under-consumed in many countries around
the world. The question, then, is why? Research demonstrates that although there are many
factors that can motivate pulse intake, there are also several key barriers to high consumption.
Barriers vary among different groups, but main barriers include unfamiliarity about how to
prepare pulses, unawareness of their versatility, concerns over flatulence, and long cooking
times. To allow for capitalization upon the many advantages that pulses have to offer, it is
important to understand the motivators and barriers that consumers face. A translational
approach that emphasizes positive aspects of pulses and integrates evidence-based information to

mitigate barriers is one way to empower consumers with the information, motivation, and



behavioral skills to eat pulses more regularly. Helping motivate consumers to routinize pulse
consumption is a critical step in reversing the trend of low intake and allowing people to enjoy

the many public and environmental health wins associated with eating pulses.

1. What Are Pulses?

The words legume, pulse, and bean are sometimes used interchangeably, but they have
distinct meanings. Fabaceae (Leguminosae) is the overarching botanical family and includes
crops such as oilseed legumes (i.e., legumes with a high fat content that are often harvested for
their oil, like soy and peanut), forage legumes, vegetable legumes, and pulses, i.e., the dry, edible
seeds of non-oilseed legumes [1]. The Food and Agriculture Organization of the United Nations
(FAO) clarifies that pulses are harvested only for dry grain and therefore do not include crops
that are harvested green, which would be considered vegetable crops. Eleven types of pulses are
recognized by FAQ, including broad beans, chickpeas, cowpeas, dry beans, dry peas, pigeon
peas, lentils, and several others [2]. Thus, beans are a type of pulse, and both beans and pulses
are legumes. Figure 1.1 shows the major types of legumes that are commonly produced and

consumed and delineates the relationship between legumes, pulses, and beans [1].
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Figure 1.1.! Commonly consumed types of legumes. After separating legumes into oilseed and
non-oilseed legumes, non-oilseed legumes can be further divided into two categories: undried
legumes and pulses. Pulses are the dried, edible seeds of grain legumes that are then cooked
before being consumed.

IThis figure has already been published with the journal MDPI Nutrients and can be found online
at: https://www.mdpi.com/2072-6643/13/4/1100. Citation information is as follows: Didinger,
C.; Thompson, H.J. Defining nutritional and functional niches of legumes: A call for clarity to
distinguish a future role for pulses in the dietary guidelines for Americans. Nutrients 2021, 13,
1100.
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2. Nutritional and Human Health Benefits of Pulses?

Unhealthy diet increases the risk of chronic diseases, which cause nearly three-quarters of
all deaths globally [3,4]. Risk factors for chronic disease — like elevated blood pressure,
hyperglycemia, overweight, and obesity — can be attenuated through proper nutrition, thus the
adoption of a healthy diet is one of the main ways to reduce chronic disease risk [4]. Not only
does chronic disease negatively impact human health, but there are serious economic
repercussions. For example, the treatment of chronic disease cost the United States $1.1 trillion
in 2016, or around 6% of Gross Domestic Product (GDP) [5]. To improve human well-being and
minimize the economic costs of chronic disease, primary prevention (i.e., preventing people from
becoming sick in the first place) is critical. At the heart of primary prevention are cost-effective,
sustainable approaches, such as following a healthy diet based on nutrient-dense foods [6]. Beans
and other pulses are exactly such a food, enabling people to meet nutrition recommendations
without overconsuming calories.

2.1 Pulse Nutrition

Pulses are very low in fat but high in a wide variety of nutrients, including protein and

micronutrients like potassium, iron, and B vitamins like folate [1,7-9]. Moreover, they are one of

the richest natural sources of dietary fiber. Fiber is under-consumed in many parts of the world,

2For more details on nutritional and human health benefits of pulses, please refer to the following
publications: 1.) Didinger, C.; Thompson, H.J. The role of pulses in improving human health: A
review. Legume Sci. 2022, 4, e147.; 2.) Didinger, C.; Thompson, H.J. Defining nutritional and
functional niches of legumes: A call for clarity to distinguish a future role for pulses in the
dietary guidelines for Americans. Nutrients 2021, 13, 1100.; and 3.) Didinger, C.; Foster, M.T;
Bunning, M.; Thompson, H.J. Nutrition and human health benefits of dry beans and other pulses.
In Dry Beans and Pulses: Production, Processing, and Nutrition; Wiley: Hoboken, NJ, USA,
2022; pp. 481-504.



resulting in a “dietary fiber gap,” or the stark difference between recommended intake and actual
consumption [10]. Over 90% of women and 97% of men in the United States do not meet
recommended dietary fiber intakes, according to the most recent Dietary Guidelines for
Americans (DGA), where adequate intake is defined as 14 grams of fiber per 1,000 calories
consumed [11]. The DGA 2020-2025 further specify four “dietary components of public health
concern” because their low intakes are associated with health concerns: calcium, vitamin D,
potassium, and dietary fiber [11]. Pulses are high in both potassium and dietary fiber while being
nutrient-dense (i.e., helping attain nutritional recommendations without excessive calories) and
providing many beneficial nutritional aspects (see Figure 1.2). Thus, increasing the amount of

pulses in the diet is one practical approach to address this public health concern.

Micronulrients

(iron, potassium,
ele.)

Figure 1.2.° Nutritional and health benefits of pulses.

3This figure has already been published with the journal Legume Science and can be found
online at: https://onlinelibrary.wiley.com/doi/full/10.1002/leg3.147. Citation information is as
follows: Didinger, C.; Thompson, H.J. The role of pulses in improving human health: A review.
Legume Sci. 2022, 4, e147.
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Comparing 100-kilocalorie portions is one way to compare foods and examine nutrient
density, because it shows the amount of nutrition available in the same caloric amount across
foods [1]. As demonstrated in Table 1.1, pulses have a unique nutritional profile that is different
from other legumes (e.g., oilseed legumes like soy and peanuts) and from grains. When
compared to oilseed legumes, pulses have a lower fat content and much more fiber. Whereas dry
bean has nearly 7 g of fiber in a 100-kcal portion, the same caloric amount of peanuts has under
2 g and soybean under 4 g. Importantly, pulses are fiber-rich while also being high in protein,
providing an approximate one-to-one ratio of fiber and protein. As is evident in the table, pulses
contain more fiber than whole grains. In fact, even though a primary recommendation to increase
fiber intake is to replace refined grains with whole grains, pulses are about two to three times
richer in dietary fiber than are whole grains [12], with this difference being even more
pronounced when compared to refined grains. Pulses also contain about double the amount of
protein as grains, even when compared to grains that consumers tend to think of as being rich in
protein, like quinoa. Fiber and protein are both thought to help improve satiety and weight
management [13-15], thus pulses being high in both may help promote a healthy body weight.

Pulses are so nutrient-dense and nutritionally unique that — unlike other foods — they are
included in two food groups in the DGA: the protein food group and “beans, peas, lentils”
vegetable subgroup [11]. While high in fiber and several vitamins and minerals like vegetables,
they are also rich in protein, like other protein foods (e.g., meat, fish, tofu). Yet, when compared
to other items in the protein foods group, it is clear that they are also distinct, as shown in Table
1.2. While meat contains no fiber by definition, pulses are high in both protein and fiber. Also,
many animal protein-based foods contain fat and cholesterol, but pulses are naturally cholesterol

free and contain almost no fat.



Table 1.1.* Nutritional analysis of 100-kilocalorie portions of representative pulses, oilseed legumes, and grains.

Chickpea Cowpea Drybean Drypea Lentil Peanut Soybean Rice, Rice, Quinoa
=13 (~112 (~12-13  (~12 (=12 (~2Tbs) (~1/3  brown  white  (~1/2 cup)
cup) cup) cup) cup) cup) cup) (~2/5 cup) (~1/2 cup)
Protein (g) 5.4 6.7 6.7 72 7.8 46 10.6 22 2.1 3.7
Total lipid (g) 1.6 0.5 0.4 0.3 0.3 8.7 5.2 0.8 0.2 1.6
((;'rb"hydrate 16.7 17.9 18.0 17.7 17.4 2.8 49 20.0 21.7 17.8
Dietary fib
(g')e AP 46 5.6 6.6 7.2 6.8 1.5 3.5 13 0.3 23
Folate (ng) 1049  179.3 112.9 56.0 1560 423 314 7.4 45.0 35.0
Iron (ng) 18 22 1.6 1.1 2.9 0.8 3.0 0.5 0.9 12
zzgss‘“m 1774 2397 268.9 3121 318.1 1243 2994 705 27.1 143.3
FDC* ID 173757 175252 173735 175257 172421 1100536 174299 1101631 1101625 168917

¥FoodData Central, United States Department of Agriculture (USDA) (https://fdc.nal.usda.gov/). The nutrition information for
100-kcal portions are provided and FDC ID numbers are listed in the table. Dietary fiber is classified as a dietary component of
public health concern by USDA, and dramatic fiber differences are evident between pulses, oilseed legumes, and grains. All
pulses, soybean, and grains were boiled and peanut is unroasted.

“This table has already been published with the journal Legume Science and can be found online at:
https://onlinelibrary.wiley.com/doi/full/10.1002/leg3.147. Citation information is as follows: Didinger, C.; Thompson, H.J. The role of
pulses in improving human health: A review. Legume Sci. 2022, 4, e147.
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Table 1.2.3 Nutritional analysis of 100 kilocalorie portions of dry bean versus other protein foods.

Dry Bean Chicken Breast, 80/20 Ground Hard-Boiled Salmon Almonds, Tofu
Skin not Eaten Beef Egg Unroasted
Approximate Amount ~1/2-1/3 cup ~2—0z. ~1.3-0z. ~1.25 eggs ~2—0z. ~2 Tbs ~3.5-0z.
Protein (g) 6.7 16.8 8.1 8.1 16.1 3.7 10.0
Total Lipid (g) 0.4 3.1 5.6 6.8 3.5 8.6 5.6
Carbohydrate (g) 18.0 0.0 0.0 0.7 0.1 3.7 2.5
Dietary Fiber (g) 6.6 0.0 0.0 0.0 0.0 2.2 2.6
Folate (ng) 112.9 4.0 3.1 28.4 3.1 7.6 MV
Iron (mg) 1.6 0.3 0.8 0.8 0.3 0.6 1.8
Potassium (mg) 268.9 200.0 95.6 81.3 288.8 126.6 156.4
Calcium (mg) 20.5 4.0 7.6 323 5.6 46.5 187.2
Choline (mg) 24.7 43.0 25.4 189.7 74.5 9.0 MV
Magnesium (mg) 53.0 15.9 6.3 6.5 21.3 46.6 MV
Vitamin A, RAE (ng) 0.0 5.1 0.9 96.1 25.0 0.0 0.0
Vitamin C (mg) 0.0 0.0 0.0 0.0 0.3 0.0 0.0
Vitamin E (mg) 0.7 0.6 0.0 0.7 0.3 4.4 MV
FDC ID 173735 1098457 171797 173424 1098965 1100508 1219633

All subgroups of protein foods in the DGA are represented: (1) beans, peas, lentils by cooked dry bean; (2) meats, poultry, eggs by
chicken breast, ground beef, and hard-boiled eggs; (3) seafood by salmon; and (4) nuts, seeds, soy products by almonds and tofu.

No fat (e.g., oil) was added when preparing these foods. Information from USDA FDC [16].

SThis table has already been published with the journal MDPI Nutrients and can be found online at: https://www.mdpi.com/2072-

6643/13/4/1100. Citation information is as follows: Didinger, C.; Thompson, H.J. Defining nutritional and functional niches of legumes:
A call for clarity to distinguish a future role for pulses in the dietary guidelines for Americans. Nutrients 2021, 13, 1100.
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Pulses are composed of approximately 16-30% protein content [7,17]. However, some
consumers express concerns about lower protein quality in pulses. Although true that pulses may
be considered an “incomplete protein,” there is a need to re-examine this narrative in much of the
world [18]. By definition, a complete protein contains adequate amounts of all nine of the
essential or indispensable amino acids, i.e., the amino acids that the body cannot synthesize.
Pulses are low in the essential amino acid methionine, and sometimes tryptophan [7,19]. It is
important to note that plant foods do contain all amino acids, they simply contain some of them
in limiting amounts [18], as is the case for methionine levels in pulses. Hence, eating a well-
balanced diet allows for protein complementation, even if animal proteins are not included in the
diet. For instance, grains like rice and millet are high in methionine but low in lysine — of which
pulses contain adequate amounts [20]. Therefore, eating these foods together ensures that people
are provided the necessary amounts of all the amino acids. Notably, these foods do not have to
be eaten in the same meal to attain the benefits; rather, people should consume a varied diet
throughout the day and week [21]. Especially considering that populations in many countries,
like the United States, consume much higher amounts of protein than are necessary, it is
important to emphasize nutrient-dense, environmentally friendly sources of protein to better
promote more sustainable, health-promoting food systems [18].

2.2 Human Health Benefits of Pulses

Likely due to their unique, nutrient-dense profile and bioactive compounds [1,6], pulses
are associated with a wide array of benefits for human health. Studies demonstrate that regular
inclusion of pulses in the diet could also result in significant health care cost savings [22,23].
Although it is important to address weaknesses in the scientific literature — such as limited

sample sizes and heterogeneity among trials that culminate in low quality of evidence — the



overall body of literature supports that including more pulses in the diet could be a practical way
to help combat the obesity epidemic and prevent various types of chronic disease [6,24].
2.2.1 Pulses and Healthy Body Weight Management

An elevated body mass index (BMI) is a major risk factor for a host of chronic diseases,
including type 2 diabetes, cardiovascular diseases, and several types of cancer [3]. An imbalance
of energy, or consumption of more calories than the body expends, can result in overweight (i.e.,
BMI > 25 kg/m?) and obesity (i.e., BMI > 30). Despite the risks associated with overweight and
obesity, rates are on the rise, with 39% of adults in 2016 overweight and 13% obese [3]. Healthy
lifestyle choices — paramount among which is following a healthful dietary pattern — play a key
role in maintaining a healthy body weight. Increasing nutrient-dense, fiber-rich foods like pulses
has great potential to be a part of the solution to reversing and preventing overweight and
obesity.

Pulses are purported to play a role in several factors impacting BMI, such as satiety,
moderation of food intake, and healthy body weight management [14,15,25]. For instance, a
2014 meta-analysis (9 studies, n = 126 participants) evaluated the effects of pulses on satiety and
food intake [26]. The investigators found that pulses resulted in greater satiety but also noted that
subsequent meal intake did not appear to be affected [26], although this could be attributed to
challenges such as limited sample size. A more recent meta-analysis on randomized controlled
trials (n = 940 participants, median diet duration = 6 weeks) was published in 2016 and
examined the effects of pulses on body weight [27]. Researchers showed a weight reduction of
0.34 kg (95% confidence interval [CI] -0.63 to -0.04 kg; p = 0.03) associated with the diets
including pulses (median intake of 132 g/day or approximately 1 serving/day) versus the

comparator, pulse-free diets [27]. An important point in the study was that weight loss was seen
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not only in weight loss diets, but also in neutral-energy-balance diets that had been intended for
weight maintenance. This highlights the potential for regular pulse intake to promote weight loss
even without strict adherence to a calorie-restrictive diet [27]. However, further research is
necessary, as the effect size is minimal and longer-term weight loss was not evaluated.

Several attributes of pulses could contribute to healthy weight management. Pulses have
a low glycemic index (GI), and the consumption of low-GI diets has been associated with
promoting lower body weights, partially through more controlled, consistent levels of glucose
and insulin levels over time [28]. Moreover, higher protein and fiber intakes have been
associated with greater satiation and less hunger [13], and pulses are rich in both of these dietary
components. A pilot study on individuals with metabolic syndrome showed that whole beans as a
source of intrinsic fiber resulted in higher postprandial levels of a hormone associated with
satiety, cholecystokinin (CCK), than a control meal with no fiber and the added or extrinsic fiber
meal [29]. This highlights that fiber in the form of pulses may have stronger effects on satiety
than fiber supplements.

The most recent, robust report released by the World Cancer Research Fund/American
Institute for Cancer Research (WCRF/AICR) concluded that consumption of fiber-rich foods
protects against weight gain, overweight, and obesity, and it recommends consuming at least 30
grams of dietary fiber per day [30]. One way to attain this fiber recommendation and the
recommended intake of other key nutrients without overconsuming calories is to choose fiber-
rich, nutrient-dense foods like pulses. Thus, regular pulse intake may be a cost-effective,

practical approach to achieve a healthy body weight.
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2.2.2 Pulses and Chronic Disease Risk Reduction: Type 2 Diabetes

Diabetes incidence is increasing around the globe in both adults and children, with type 2
diabetes accounting for over 95% of diabetes cases [31]. A healthy diet and maintaining a normal
body weight are ways to prevent type 2 diabetes (T2D), a condition in which there is insulin
resistance [31]. Pulses can play a role in helping achieve this.

One prospective study found that those in the highest quartile of total legume and lentil
consumption had a lower risk for diabetes (hazard ratio [HR] = 0.65, 95% CI 0.43-0.96; and HR
=0.67, 95% CI 0.46-0.98, respectively) [32]. Chickpeas also showed an inverse relationship, but
it only bordered on significance (HR = 0.68; 95% CI 0.46-1.00) [32]. Furthermore, substituting
one half-serving of legumes per day for similar servings of other protein- or carbohydrate-rich
foods (i.e., eggs, bread, baked potato, or rice) was associated with a reduced risk of diabetes
incidence [32]. However, a subsequent meta-analysis found no association of pulse intake and
diabetes incidence, although the overall certainty of the evidence was rated as very low [33]. One
potential reason for failing to find significant associations is the tendency to combine all legumes
when doing an analysis rather than separating out pulses, as was the case in a recent meta-
analysis that failed to find a significant association between total legume intake and T2D [34].
Making the distinction between pulses and non-pulse legumes is important because the different
types of legumes could have discrepant impacts on T2D.

The high-fiber and low-GI nature of pulses could also contribute to helping manage or
prevent diabetes [35,36]. For example, a dose-response analysis of 17 prospective cohort studies
revealed a lower risk for T2D when individuals achieved a total daily dietary fiber intake of 25
grams or more, resulting in a combined relative risk (RR) of 0.81 (95% CI 0.73-0.90) [37].

Furthermore, an umbrella review of 16 meta-analyses found that the highest fiber intake had a
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reduced risk for T2D compared to the lowest fiber intake (RR = 0.81-0.85) [38]. Moreover, low-
GI diets may be useful for improved glycemic control [28]. A study on the effect of legumes as
part of a low-GI diet showed that participants with T2D who were randomized to the low-GI
legume diet experienced greater reductions in glycated hemoglobin, or HbAc (i.e., a glycated
protein that reflects a person’s level of glucose control, where higher test levels can reflect
diabetes), than the high wheat fiber diet [39]. Although there is some conflicting evidence on the
exact impact of pulse intake on T2D, the overall evidence combined with the fact that pulses are
a high-fiber, low-GI food suggests they can play a role in promoting glycemic control, avoiding
complications in individuals with insulin resistance or diabetes, and helping prevent T2D.
2.2.3 Pulses and Chronic Disease Risk Reduction: Cardiovascular Disease

Cardiovascular diseases (CVDs) are the number one cause of death globally, with
unhealthy diet and obesity being major behavioral risk factors for CVDs [40]. Thus, adopting
healthy dietary patterns that also support a healthy body weight is pivotal to remediating CVD
incidence and mortality.

Pulse intake appears to lower total and low-density lipoprotein (LDL) cholesterol and
other CVD biomarkers [41] and may contribute to the prevention of CVDs [42,43].
Epidemiological and clinical studies support a relationship between high serum total cholesterol
and LDL cholesterol levels and CVD, so reductions in these numbers can have a positive effect
on reducing the risk for CVDs [6,44,45]. One study found that consuming one serving of beans
per day associated with a 38% reduced risk (odds ratio [OR] = 0.62, 95% CI 0.45-0.88; p <0.05)
of myocardial infarction versus individuals who rarely ate beans [46]. Another study in
hypercholesterolemic individuals found that daily consumption of a half cup of beans over an 8-

week dietary intervention resulted in a reduction in serum total cholesterol and LDL cholesterol
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[47]. More recently, a randomized crossover study in adults with elevated LDL cholesterol had
participants eat either white rice or canned beans (a daily rotation of several varieties: black,
navy, pinto, dark red kidney, and white kidney) daily [48]. Results showed that when individuals
ate 1 cup of canned beans every day, they experienced decreases in total and LDL cholesterol,
but these benefits were not seen when eating white rice [48]. Other studies also support these
findings, with bean diets reducing serum total cholesterol and LDL cholesterol in individuals
consuming beans versus control study participants [49,50].

Several studies that examined the effects of legume consumption (not only pulse) have
also found that legumes are associated with a reduced risk for CVDs. For example, when
compared with the lowest quartile of legume intake, the highest quartile had a reduced risk of
CVD mortality (RR =0.72, 95% CI 0.60-0.88) [51]. Also, data from the National Health and
Nutrition Examination Survey (NHANES) revealed a strong inverse relationship between
legume intake and the risk of CVD, with consuming legumes at least four times a week being
associated with an 11% lower risk for CVD (RR = 0.89, 95% CI 0.80-0.98) than when eating
legumes less than once per week [52].

A meta-analysis on ten randomized controlled studies evaluating the effects of pulses on
blood lipids found a reduction in cholesterol and LDL cholesterol levels [53]. A more recent
meta-analysis found that — although the current evidence supports that pulses are associated with
lower CVD incidence — the overall certainty of the evidence is low [54]. Again, this underscores
the need for more robust clinical studies. However, overall research supports that regularly

including pulses may be a smart dietary strategy to help prevent CVDs [55].
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2.2.4 Pulses and Chronic Disease Risk Reduction: Cancer

The World Cancer Research Fund and American Institute for Cancer Research
(WCRF/AICR) evaluated a range of research on cancer prevention and survival, ultimately
distilling a few key recommendations based on what was rated as strong evidence [30]. One of
the primary recommendations was to eat a diet rich in whole grains, vegetables, fruit, and pulses,
and they recommend getting at least 30 grams of dietary fiber per day. In the outlined dietary
goals, the WCRF/AICR specifically recommends pulses, stating, “include foods containing
wholegrains, non-starchy vegetables, fruit and pulses (legumes) such as beans and lentils in most
meals” and “if you eat starchy roots and tubers as staple foods, eat non-starchy vegetables, fruit
and pulses (legumes) regularly too if possible” [56]. Yet, it should be acknowledged that the
2018 WCRF/AICR report classified the impact of legumes on the risk for breast, colorectal, and
prostate cancers as “limited — no conclusion” [30].

There is a strong linkage between cancer and aging [57,58]. Interestingly, in a study that
examined food intake patterns of people 70 years and older, legume intake was the only
statistically significant and consistent indicator of longevity [59]. Each 20-gram per day increase
in legume consumption showed a 7 to 8% reduction in the mortality hazard ratio [59]. The risk
reduction could partially be due to protection from chronic diseases like cancer. This — combined
with the WCRF/AICR report’s emphasis on high-fiber foods like pulses — highlights the role that
pulses can play in a healthful dietary pattern that may help prevent cancer.

Evidence ties consuming pulses to cancer risk reduction [60], potentially through an
ability for compounds in pulses to induce apoptosis in cancerous cells and inhibit pathways that

are related to aging and the development of cancer [61]. Indeed, in a recent prospective study,
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those who consume higher amounts of total legumes and lentils were found to have a reduced
risk of cancer mortality [62].

Research has examined the potential effects of pulse intake on several types of cancer,
including breast, prostate, and colorectal. Quality of the evidence is sometimes low, which could
be due to several key challenges faced in nutritional studies and also on studies specifically
relating to the impacts of pulses, such as small sample sizes and a paucity of research that
specifically examines pulses instead of combining them with other legumes or food patterns,
which could result in confounding factors [6,24]. The WCRF/AICR report found strong evidence
that eating fiber-rich foods protects against colorectal cancer [30]. One could naturally expect
that one of the richest natural sources of dietary fiber — pulses — would show a similar quality of
evidence. Although this reveals that further research is still needed, emerging evidence does

suggest that pulses may help reduce cancer risk [6]. A summary of evidence is shown in Table

1.3.
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Table 1.3.% Legume intake and cancer risk.

No Association
(Human Studies)

Evidence of Prevention

Cancer Type (Human Studies)

Preclinical Support

Breast ¢ 24% reduction in breast cancer risk in women e No association between ¢ Bean intake can decrease breast
26- 46 years consuming beans or lentils overall breast cancer risk cancer risk [67-69]
>2x/week compared to <Ix/month [63] and bean/legume intake in e Beans in the diet reduced cancer
¢ 21% reduction in risk in breast cancer among postmenopausal women incidence from 95% to 67%, and
underweight to normal weight postmenopausal  participating in the original ~ the number of tumors per animal
women consuming more beans and legumes Nurses’ Health Study [66] from 3.23 to 1.46, versus the
[64] control [69]
e Traditional Mexican dietary patterns high in
foods such as legumes were associated with
lower risk of breast cancer in the Four-Corners
Breast Cancer Study [65]
Colorectal e 65% reduced risk of advanced adenoma e **However, there wasno e Compared to control-fed

further effect of beans on
recurrence of non-advanced
adenomas in the Polyp
Prevention Trial [70]

recurrence reported in individuals in the
highest quartile of dry bean intake versus the
lowest quartile in the Polyp Prevention Trial
[70] (**but see comment under ‘No
Association’)

e In the Nurses’ Health Study, women
consuming >4 servings of legumes per week
had a 33% lower incidence of colorectal
adenomas than those consuming less than one
serving per week [71]

animals, the investigators
reported lower incidence of
colon lesions in mice fed whole
bean, bean residue, and bean
extract [72]

The incidence of tumors in rats
with chemically-indued colon
cancer was reduced in animals
fed bean-based diets compared
to control animals [73,74]

SThis table has already been published with the journal Legume Science and can be found online at:

https://onlinelibrary.wiley.com/doi/full/10.1002/leg3.147. Citation information is as follows: Didinger, C.; Thompson, H.J. The role of

pulses in improving human health: A review. Legume Sci. 2022, 4, e147.
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Table 1.3. Legume intake and cancer risk (cont.).

Evidence of Prevention No Association

Cancer TYPe  Human Studies) (Human Studies)

Preclinical Support

Colorectal e Meta-analyses have found a decreased risk of

(cont.) colorectal adenoma for the highest versus
lowest intake of legumes [75], and that dietary
legume consumption decreased risk of
colorectal cancer [76]

Prostate ¢ 10% reduction in risk of prostate cancer in No association between dry
men consuming the highest amount of bean consumption and
legumes (excluding soybeans and soybean prostate cancer risk [79],
products) compared with the lowest nor legume intake and
consumers [77] mortality from prostate
e High legume intake correlates with lower cancer [80]

prostate cancer incidence, and the dose-
response meta-analysis indicated that for each
20 g/day increase in legume intake there was a
reduction in the risk of prostate cancer by
3.7% [78]

The literature is too narrow to focus on only pulses, thus studies in this table address legume intake and cancer risk. They do not
include studies that examine associations between cancer and fiber intake, a vegetarian diet, or other factors that are not legume-
specific. For more details on the findings of this research, please refer to [6].
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2.2.5 Pulses Promote Gut Health

Recent research suggests that diet, obesity, and chronic diseases are linked by the gut
microbiome [81] and that changes or disturbances to gut microbiota composition are linked to
numerous health concerns, such as diabetes, certain cancers, and obesity [82]. Whereas refined,
processed foods can harm gut health, the consumption of whole foods is associated with a
healthy gut microbiome and low levels of diet-related disease [83]. Fiber-rich foods provide
important energy sources for microbiota residing in the cecum and colon, and low intake of
dietary fibers can contribute to depletion of specific gut microbes [84]. Accordingly, pulses — as
one of the richest natural sources of fiber — may be highly beneficial for gut health.

Dietary fiber cannot be hydrolyzed by the gastrointestinal enzymes of humans, and most
soluble fiber is instead fermented by gut microbes, resulting in the production of metabolites like
short-chain fatty acids (SCFAs) [84,85]. In turn, these SCFAs have been associated with
numerous health benefits, such as improved glucose homeostasis and strengthened gut barrier
function [85,86]. Furthermore, the resistant starch in pulses can act as a prebiotic ingredient and
support growth of beneficial bacteria [87]. Other compounds, such as resistant proteins, may also
play a role [88].

Several studies in humans suggest a link between pulses and gut health, and research is
rapidly emerging. One study found that supplementing the diet with chickpea appeared to
modulate the intestinal microbial composition to promote intestinal health, for instance by
reducing the number of individuals showing high amounts of bacteria groups that include
pathogenic bacteria [89]. Another study (n = 82) investigated the relationship between sex, BMI,
and fiber on the composition of the gut microbiome and found a strong association for fiber from

beans and gut microbiome composition in men, although the relationship was only marginal (p =
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0.06) when men and women were combined [90]. Moreover, factors such as the type of legume
and processing method (e.g., pressure cooking, a combination of germination and cooking) can
also result in different impacts on gut microbiota [91]. Taken together, this demonstrates the
need to better understand these complex relationships, and more extensive clinical studies
linking the effects of pulses on the gut microbiome and the resulting health outcomes for the host
are still needed [92].

There is also preclinical support for the effects of pulses on health impacts, such as
attenuation of the severity of the obese phenotype (e.g., reduced insulin resistance and
improvements in the leptin:adiponectin ratio) [93] and improvements in glucose tolerance [94].
Due to the large number of preclinical studies that suggest positive effects of pulses on gut health
[95-97] and the fact that pulses are rich in dietary fibers, it is reasonable that the inclusion of
pulses in the diet could support gut health.

3. Environmental Benefits of Pulses

Not only do pulses promote human health benefits, but they can advance sustainable
dietary patterns. For example, pulses play a prominent role in the EAT-Lancet Commission’s
universal healthy reference diet, which was specifically designed to promote both human and
environmental health. This diet recommends including 50 grams of dry beans and other pulses
(which cooks up into around 100 grams) daily, or the equivalent of about 170 calories [98].
Certainly, pulses are known for providing a myriad of environmental benefits, including being
climate-friendly and reducing greenhouse gas (GHG) emissions, improving soil health,
conserving water and improving water quality, and helping reduce the amount of land required to
produce food [99-101]. With environmentally sustainable food consumption an increasingly

pressing topic and many consumers already demonstrating favorable attitudes about sustainable
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food choices [102], it is important to make sure that consumers are aware of the benefits of
pulses to best take advantage of how regularly eating this food can benefit planetary well-being.
3.1 Pulses Can Reduce Greenhouse Gas Emissions

Pulses can play a role in climate change mitigation in several ways, such as requiring less
fertilizer, helping reduce food waste and associated GHG emissions, and resulting in lower
emissions than many other protein sources [99,101], as shown in Figure 1.3. As clearly
demonstrated, production of pulses generates much less GHG emissions than do animal proteins,
especially when compared to ruminant (e.g., beef, mutton, lamb) meat [103,104].

As shown in Figure 1.3 and corroborated by other studies, shifting towards more plant-
based diets that include pulses could play a role in reducing GHG emissions [98,103,104]. For
example, it has been found that substituting beef with beans in the United States could help
achieve about 46 to 74% of the reductions needed to meet the country’s 2020 GHG target [105].
Of course, location and production practices affect the overall environmental impact, but studies
have found that ruminant meat can have about 150 times higher of a carbon footprint than do
pulses [106], or even 250 times the emissions per gram of protein than legumes [107].

Food loss and waste at the supply chain and consumer levels contribute around 6% of
total global emissions [108]. However, pulses have a long shelf-life and store well in various
forms, such as dry, canned, and frozen, helping reduce food waste. Indeed, reductions in food
loss and waste have been found to decrease GHG and water usage, in addition to helping fight
malnourishment in developing regions [109]. Moreover, the ability of pulses to be stored dry can

help minimize the large energy requirements that are associated with cold chain logistics [110].
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Greenhouse gas emissions per 100 grams of protein

Emissions are measured in carbon dioxide-equivalents’ .

Beef (beef herd) 49.89 kg

Lamb & Mutton 19.85 kg

Prawns (farmed) 18.19 kg

Beef (dairy herd) 16.87 kg
Cheese 10.82 kg
Milk

Pig Meat
Fish (farmed)
Poultry Meat
Eggs

Grains

Tofu
Groundnuts
Other Pulses
Peas § 0.44 kg

Nuts | 0.26 kg

Source: Joseph Poore and Thomas Nemecek (2018). Additional calculations by Our World in Data.
OurWorldInData.org/environmental-impacts-of-food « CC BY

1. **Carbon dioxide-equivalents (CO:eq)™: Carbon dioxide is the most important greenhouse gas, but not the only one. To capture all greenhouse gas
emissions, researchers express them in ‘carbon dioxide-equivalents' (CO:eq). This takes all greenhouse gases into account, not just CO.. To express all
greenhouse gases in carbon dioxide-equivalents (CO-eq), each one is weighted by its global warming potential (GWP) value. GWP measures the amount
of warming a gas creates compared to CO:. CO: is given a GWP value of one. If a gas had a GWP of 10 then one kilogram of that gas would generate
ten times the warming effect as one kilogram of CO.. Carbon dioxide-equivalents are calculated for each gas by multiplying the mass of emissions of a
specific greenhouse gas by its GWP factor. This warming can be stated over different timescales. To calculate CO:eq over 100 years, we'd multiply each
gas by its GWP over a 100-year timescale (GWP100). Total greenhouse gas emissions — measured in CO:eq — are then calculated by summing each
gas' CO:eq value.

Figure 1.3. Greenhouse gas emissions per 100 grams of protein. Image source:
https://ourworldindata.org/grapher/ghg-per-protein-poore [103].

Another way in which pulses help reduce GHG emissions is through their ability to fix
nitrogen, thereby decreasing the need for synthetic fertilizers and helping save farmers money on
inputs [101]. The production of synthetic nitrogen fertilizers results in emissions, with the
nitrogen fertilizer supply chain being found responsible for nearly 11% of agricultural emissions
and 2.1% of global GHG emissions [111]. Almost 40% of these impacts from the nitrogen

fertilizer supply chain were due to the production of fertilizer and another 59% came from field
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emissions [111]. Once in the field, nitrogen can be lost through leaching, gaseous emissions,
runoff, and erosion, exacerbating not only climate change but also problems such as reduced
water quality and loss of biodiversity through eutrophication [112]. However, legumes like beans
and other pulses have a unique ability to fix atmospheric nitrogen through a symbiotic
relationship with nitrogen-fixing bacteria called rhizobia [99,101], thereby reducing the need for
the manufacture and application of synthetic fertilizers. Studies suggest that 1 kilogram of
protein provided in the form of beans requires 12 times less fertilizer to produce than the same
amount of protein as beef [113]. Agriculture is the primary source of the potent GHG nitrous
oxide, and the majority of these emissions are from nitrogen fertilizer application [100], again
highlighting the need to reduce reliance on synthetic fertilizers.

Overall, shifting to plant-centric diets can help mitigate the impacts of GHG on climate
change, and pulses play an especially critical role in this due to their ability to fix nitrogen and
reduce the need for the production and application of synthetic nitrogen fertilizers. Indeed,
legume rotation has been found to be one of the most effective ways to reduce nitrogen pollution
[114]. Moreover, there are economic benefits associated with inclusion of legumes in agricultural
systems, with the amount of nitrogen fixed annually by the legume-rhizobia symbiotic
relationship resulting in savings of US $8-12 billion [99].

3.2 Pulses Can Improve Soil Health

In addition to providing a natural source of soil nitrogen as opposed to synthetic
fertilizers, pulses help improve soil structure and health [99]. Furthermore, cropping with
legumes like pulses can increase soil carbon content, for example through the supply of biomass
[100], and improve carbon management, enhancing carbon sequestration in deeper soils [115].

Due to their nitrogen-fixing ability, legumes have been found to store 30% higher soil organic
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carbon than other species [116]. Moreover, including pulses has a “break crop effect,” with crop
diversification helping reduce the pressure of diseases, pests, and weeds that would occur
without crop rotation [100,117].

Another important role of pulses is in crop rotation, where their inclusion helps increase
profitability and reduce production costs, for instance through lower input costs due to a
decreased need for fertilizer [118]. Beans and other pulses can be rotated with crops like wheat,
maize, and rice, and there are advantages for crops that follow pulses [119]. Diversifying crop
rotations through the addition of pulses appears to benefit system productivity [120] and the
production of subsequently planted crops [99], which has economic benefits [101]. There are
also nutritional benefits to including pulses in crop rotation. Crops that follow legumes can have
higher protein content [99]. The intercropping of legumes with cereal crops is another way to
boost cereal protein content [121], demonstrating that pulse production can play a role in
improving the nutrition of other crops.

3.3 Pulses Contribute to Water Conservation and Improved Water Quality

The production of pulses requires less water than that of other sources of protein. Thus,
transitioning to more pulse-centric diets can play a role in the conservation of water resources.
For example, to produce 1 kilogram of protein in the form of beef has been shown to use
approximately ten times more water than 1 kilogram of protein in the form of kidney beans
[113]. The dramatic difference in water use of different protein foods is shown in Figure 1.4,

where pulses require much less freshwater withdrawals than most other sources of protein [122].
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Freshwater withdrawals per 100 grams of protein

Freshwater withdrawals are measured in liters per 100 grams of protein.

Cheese 2,539L

Nuts 2,531L

Prawns (farmed) 2,380 L
Milk

Fish (farmed)
Beef (dairy herd)
Pig Meat

Lamb & Mutton
Beef (beef herd)
Groundnuts
Eggs

Poultry Meat
Other Pulses

Peas

Tofu

Source: Joseph Poore and Thomas Nemecek (2018), Additional calculations by Our World in Data.
OurWorldinData.org/environmental-impacts-of-food « CC BY

Figure 1.4. Freshwater withdrawals per 100 grams of protein. Image source:
https://ourworldindata.org/grapher/water-per-protein-poore [122].

In addition to requiring less water to produce than many other protein sources, pulses can
help improve water quality [99,101]. Due to their ability to fix nitrogen, pulses need less
fertilizers and thus can minimize fertilizer runoff. Fertilizer runoff is one contributor to
eutrophying emissions, which represent excess nutrient runoff into waterways, resulting in
nutrient imbalances and ecosystem pollution [123]. Eutrophication has numerous negative
environmental impacts, like biodiversity loss and GHG emissions [99].

3.4 Pulses Can Help Reduce Land Use
Compared to many other sources of protein, the production of pulses requires less land.

For example, producing 1 kilogram of protein in the form of beef uses about 18 times more land
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than it takes to produce the same amount of protein in the form of kidney beans [113]. Another
study found that a calorie-equivalent substitution of beans for beef could free up over 40% of
cropland in the United States [105]. Figure 1.5 highlights the land use of various sources of

protein, and pulses are found at the lower end of the spectrum.

Land use per 100 grams of protein

Land use is measured in meters squared (m?) per 100 grams of protein across various food products.

Lamb & Mutton 184.8 m?

Beef (beef herd) 163.6 m?
Cheese

Milk

Beef (dairy herd)
Pig Meat

Nuts

Other Pulses
Poultry Meat
Eggs

Grains

Fish (farmed)
Groundnuts

Peas

Tofu

Source: Joseph Poore and Thomas Nemecek (2018). Additional calculations by Our World in Data.
OurWorldinData.org/environmental-impacts-of-food « CC BY

Figure 1.5. Land use per 100 grams of protein. Image source:
https://ourworldindata.org/grapher/land-use-protein-poore [124].

One way to further improve land use efficiency in pulses would be to reduce yield gaps,
or the actual yields attained versus the genetic yield potential [99,119]. Even though countries
like the United States have enjoyed consistent increases in yield over the last several decades,
on-farm yields are lower than potential yields [125]. Therefore, improving management and

production practices can result in even larger savings in land use.
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4. Barriers and Motivators for Pulse Consumption’
4.1 Current Pulse Intake Levels

In spite of the myriad of benefits of pulses for human and environmental health, global
pulse consumption is low, with levels stagnating at around 21 grams per day [126]. However,
consumption varies among countries, as is shown in Table 1.4, which lists the average number of
kilocalories of pulses consumed per capita per day [127]. Some countries, like Rwanda, eat much
larger amounts of pulses than other countries, like the United States. In fact, the average
consumption of pulses in Rwanda appears to be nearly ten times that of the United States, and
over ten times greater than in the United Kingdom. Different factors influence these varying

levels of intake, including average income levels, culture, and tradition.

Table 1.4. Estimated kilocalories of pulses consumed per capita per day.

Year World Kenya Mexico Rwanda UK USA
2010 63 112 99 331 28 38
2011 63 150 99 332 22 30
2012 65 160 114 333 29 36
2013 65 162 122 331 32 39
2014 66 157 99 342 28 33
2015 66 162 95 339 28 33
2016 66 150 99 347 28 35
2017 70 149 100 340 28 35
2018 68 149 100 336 28 35
2019 68 168 91 333 14 33
2020 69 158 92 309 23 48

Data is from FAOSTAT, using the kilocalorie per capita per day numbers for aggregated pulses
[127].

"For more details on nutritional and human health benefits of pulses, please refer to the following
publication: Didinger, C.; Thompson, H. Motivating pulse-centric eating patterns to benefit
human and environmental well-being. Nutrients 2020, 12, 3500.
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As the research herein focuses on the United States, it is important to examine current
consumption levels and recommendations in this country. The most recent Dietary Guidelines
for Americans (DGA) 2020-2025 lists five vegetable subgroups; one of these is the Beans, Peas,
Lentils group, which refers to pulses [11]. The recommendation for consumption varies with age
group and sex, but for the “Healthy U.S.-Style Dietary Pattern at the 2,000-Calorie Level,” (p.
20) the recommendation is to have 1 and 'z cups of cooked pulses per week [11]. However, over
80% of the US population ages 1 and older eats less than the recommendation, as shown in
Figure 1.6 [11]. The shortfall is often dramatic, as demonstrated in Figure 1.7, which shows that
for the vast majority of males and females of most age groups, pulse intake is far below the

recommendation, and is generally less than 1 cup per week [11].

Dietary Intakes Compared to Recommendations:
Percent of the U.S. Population Ages 1 and Older Who Are
Below and At or Above Each Dietary Goal
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Figure 1.6. Dietary intake of pulses versus the recommendation. The figure is from the DGA
(https://www.dietaryguidelines.gov/sites/default/files/2020-
12/Dietary_Guidelines for Americans 2020-2025.pdf [11]), and an orange arrow has been
added to highlight the beans, peas, and lentils (i.e., pulses) vegetable subgroup.
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Data Sources: Average Intakes: Analysis of What We Eat in America, NHANES 2015-2016, day 1 dietary intake data, weighted. Recommended
Intake Ranges: Healthy U.S.-Style Dietary Patterns (see Appendix 3)

Figure 1.7. Average pulse intake in the United States by age group. Graphs a through f are from
the DGA (https://www.dietaryguidelines.gov/sites/default/files/2020-
12/Dietary_Guidelines_for Americans 2020-2025.pdf'[11]) and were compiled into one figure,
with an orange circle added to highlight the pulses vegetable subgroup.
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4.2 Barriers to Higher Pulse Consumption

One reason for low consumption is potential barriers consumers face, highlighting the
importance of understanding these barriers and how to mitigate consumer concerns [128].
Several key barriers have been identified in the literature, including long cooking times of dry
pulses, a lack of familiarity of how to cook and prepare pulses, worries regarding flatulence,
dislike of the taste and/or texture, concerns about antinutrients, and a negative stigma of pulses
as a poor person’s food or only for vegetarians or vegans [128]. These barriers and ways to help
address them are outlined in Table 1.5.

There is strong evidence-based support to address these barriers, and mitigating consumer
concerns could play an important role in increasing pulse intake to a level that better advances
both human and environmental health [128]. Another potential barrier is simply not being aware
of the many benefits of pulses. Accordingly, it is important not only to address consumer

barriers, but also to emphasize motivating factors.
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Table 1.5. Potential barriers to higher pulse intake.

Barrier

Points to Address

Long cooking times [129-132]

Consumer-accessible tips for faster cooking
Increasing awareness of faster cooking options (e.g.,
lentils) and convenient, healthful pulse-based
products (e.g., canned pre-cooked beans, pastas
made with pulse flours)

Can cook large batches and freeze

Lack of familiarity of how to
cook and prepare pulses
[130,131,133]

Preparation tips

Versatile forms of pulses (e.g., canned, dry, frozen)
and pulse products (e.g., pasta, snacks)

Creative and simple recipe ideas

Worries regarding flatulence
[131,133,134]

Share evidence that concerns about flatulence are
often overexaggerated [134]

Provide tips on how to reduce flatulence

Emphasize the importance of fiber and healthy foods
for gut health

Dislike of the taste and/or texture
[130,131,135]

Highlight different ways to prepare pulses that can
change texture (e.g., mash and add to a dish, panfry
or roast for a crispy texture)

Emphasize versatility of pulses and pulse products
and their different tastes

Concerns about antinutrients
[128,135]

Emphasize that this can be a misnomer and some so-
called antinutrients can offer health benefits
[136,137]

Share tips to eliminate or reduce antinutrients, such
as soaking and then fully cooking [138,139]

Negative stigma [118,140,141]

Provide examples of pulse dishes and products and
groups using them that demonstrate versatile uses
and category differentiation to help break the stigma
(e.g., athletes eating pulses, dishes that combine
pulses and meat, dishes with special heirloom beans
served by chefs)
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4.3 Motivators for Pulse Consumption

Just as there are established barriers to greater pulse intake, there are also key motivators
for consumption. These include taste, culinary versatility, excellent nutritional quality, human
health benefits, affordability, environmental benefits, and culture and tradition [128,131]. In
conjunction with addressing consumer concerns related to potential barriers, it is critical to
emphasize the numerous motivators to eat pulses more regularly. These motivators and potential
ways to highlight them are detailed in Table 1.6.

Among the motivators, taste is of particular importance because it is often considered the
most important factor when consumers make food choices [142-144]. This has been confirmed in
research on pulses, for instance when taste was ranked as the top reason that Canadian pulse
consumers ate pulses [131]. Their economical price point allows pulses to also more equitably
advance food and nutrition security [126,145]. Even though consumers may recognize pulses as
environmentally friendly, this knowledge has not always been found to impact their pulse intake
[130-132]. Accordingly, although this is an important part of the overall narrative of the benefits
of pulses, it is essential to showcase multiple motivators rather than just focusing on one.
Ultimately, consumers are looking for delicious, convenient, affordable, and nutritious foods that

ideally are also good for the planet.
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Table 1.6. Motivators for higher pulse intake.

Motivator Points to Address

Taste [130,131,146] e Versatile flavors and textures of pulses, ranging from
sweet to earthy to neutral

e Ability of pulses to absorb other flavors
Culinary versatility [131,141] e Highlight the diverse types of pulses, as well as the
many uses for pulses and healthful products with
pulse ingredients

e Emphasize that pulses are not just for the dinner meal
but can be eaten at any time of day
e Share creative, tasty recipes
Nutrition [130,131,133,147] e High in protein
e Rich in fiber

e Packed with important vitamins and minerals, such as
potassium, iron, and B vitamins like folate

e Can share comparisons with other foods to showcase
high nutrient density of pulses
Human health benefits [130-133] e Gut health

e Help promote healthy weight management

e Chronic disease prevention
Affordability [126,131] e Share average costs of both dry and canned pulses
e Can compare price with other protein foods or other
nutrient-dense foods
Environmental benefits and ¢ Highlight numerous benefits for sustainability,
sustainability [131,133] including helping reduce greenhouse gas emissions,

improve soil health, and save water
e The role of pulses in the P’s of sustainability:
people, planet, prosperity [148,149]
Culture and tradition e Emphasize the rich global culinary history of pulses
[126,131,133,150] in cuisines around the world

Although knowledge is important, in and of itself, it is often insufficient to drive behavior
change and influence food choices [128]. This has been observed in studies on pulses, where
even when consumers have some knowledge about the nutrition and health benefits of pulses,

they may not be regular consumers [141,146]. To promote health behaviors, integration of a
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behavior change model can provide structure and insights. One such model that can be used to
promote regular pulse intake is the Information-Motivation-Behavioral Skills (IMB) model,
which delineates three core determinants of health behaviors: information that can be translated
into behavior, motivation, and behavioral skills to facilitate the behavior [128,151,152]. There
are two major components of motivation — personal and social motivation — and they are
influenced by personal attitudes, cultural norms, and social support [151]. To best promote
consumption, a multi-pronged approach is more likely to effectively help shift behavior, through
providing a combination of information about the benefits of pulses, motivation to regularly eat
them, and behavioral preparation skills [128]. An example of how three main benefits of pulses —
viewed through the lens of the IMB model — can be used to help motivate consumers to routinize
regular consumption is shown in Figure 1.8.

Another example of how increasing pulse intake could be accomplished would be
through a project that engages the public, such as citizen science [153]. In this instance,
information would be provided during the project to bolster participant knowledge about the
benefits of pulses and how to prepare them. Both personal and social motivation would be
appealed to, as shown in Figure 1.9. Also, participants would engage in behavioral skills as part
of the project, familiarizing them with the actual preparation of pulses and boosting their
confidence in their ability to use pulses. The IMB model suggests that this combination of
information, motivation, and behavioral skills would then help encourage the adoption of the

desired health behavior: increasing pulse intake.
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Figure 1.8.® Emphasizing the culinary versatility, sustainability, and healthfulness of pulses to
drive social and personal motivation to increase consumption.
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Figure 1.9. Increasing pulse intake with a citizen science project, guided by the IMB model.

$This figure has already been published with the journal MDPI Nutrients and can be found online
at: https://www.mdpi.com/2072-6643/12/11/3500. Citation information is as follows: Didinger,
C.; Thompson, H. Motivating pulse-centric eating patterns to benefit human and environmental
well-being. Nutrients 2020, 12, 3500.
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4.4 A Translational Approach

To encourage increased consumption, it is key to address established consumer barriers
and motivators for pulse consumption. One attractive approach is translational research, which is
viewed as essential in improving health [154,155]. For many, translational science has
traditionally been considered a “bench-to-bedside” enterprise where research was harnessed to
produce new drugs and treatment options, acting as an interface between basic science and the
clinic [154]. However, the meaning of translational science also encompasses ensuring that
research knowledge reaches the public such that they can benefit [154]. For this type of
translational science, helping individuals change behaviors and make more informed choices that
advance public health is the goal, and it is not the clinic that is the research setting, but rather the
community [154,155]. Adoption of a behavioral change model like the IMB model can provide
key insights and guidelines when conducting translational research [128].

Extension is an excellent platform through which to accomplish translational research.
The very mission of Extension is to translate research into action by bringing evidence-based
discoveries and information to communities to benefit well-being, and Extension has the ability
to quickly disseminate resources and information through its networks [156]. For the research
described herein, a translational approach to promote higher intake of beans and other pulses was

adopted to emphasize motivators for pulse intake and mitigate potential barriers.
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CHAPTER 2: A TRANSLATIONAL APPROACH TO INCREASE PULSE INTAKE AND
PROMOTE PUBLIC HEALTH THROUGH DEVELOPING AN EXTENSION BEAN

TOOLKIT?

Summary

Practical, affordable solutions need to be implemented to address global challenges confronting
human and environmental health. Despite a myriad of benefits for people and the planet, beans
and other pulses (e.g., chickpeas, cowpeas, dry peas, lentils) are under-consumed. To better
understand consumer concerns and interests, a Food Habits Survey was conducted and the
findings were incorporated into the Colorado State University Extension Bean Toolkit. Guided
by the Information-Motivation-Behavioral Skills model, the toolkit included informational social
media posts, cooking guidance, and an online class. A convenience sample of participants was
recruited through Extension and university networks. After class participation, significant gains
in knowledge of pulse nutrition, versatility, and cooking were observed, with an average increase
of 1.5 points on a 5-point Likert scale (p < 0.001). Moreover, participants (n = 86) perceived a
greater importance of motivators (e.g., nutrition, versatility, environmental benefits) and found

barriers (e.g., flatulence, long cooking times, unfamiliarity) to be less discouraging. Most

This research has already been published with the journal MDPI Nutrients. To stay true to how
the paper was published but adhere to CSU Graduate School dissertation formatting: 1.) the
numbers of figures, tables, and supplementary materials referenced have a “2.” appended to them
to reflect being in chapter 2; 2.) keywords and journal ending statements (e.g., funding, data
availability statement) are not displayed; 3.) spacing has been adjusted to match CSU formatting;
and 4.) the supplementary materials mentioned in this paper can be found online at
https://www.mdpi.com/2072-6643/15/19/4121. Citation information is as follows: Didinger, C.;
Bunning, M.; & Thompson, H.J. A translational approach to increase pulse intake and promote
public health through developing an Extension Bean Toolkit. Nutrients 2023, 15, 4121.
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participants reported an intention to eat more pulses, and among those who completed the 1-
month follow-up survey, pulse intake frequency increased (p = 0.004). Emphasizing motivating
factors while simultaneously mitigating barriers to consumption can help reverse insufficient
intake and promote healthy behavior change. Leveraging Extension or similar networks is one

way to adopt a translational approach to better reach the public with this information.

1. Introduction

The world is facing severe challenges for human and environmental well-being, including
a cost-of-living crisis, rising rates of obesity and chronic disease, and climate change [3,99,157].
Accordingly, there is dire need for affordable, accessible solutions. Beans and other pulses (i.e.,
the edible, dry seeds of non-oilseed legumes like chickpeas, cowpeas, dry peas, and lentils) have
a relatively economical price and the ability to simultaneously promote public and planetary
health [6,99,100,145]. Thus, pulses can play a key role in addressing many global challenges.

Despite the myriad of benefits they offer, consumption of pulses is low in many countries
around the world. Average global consumption appears to be stagnating around only 21 grams
per day per capita [126]. Yet, there is evidence that consumption can be higher. For example,
several countries in Eastern Africa eat around 150 grams per day [158]. Indeed, an improved
nutritional status appears to go hand-in-hand with higher consumption of pulses. Individuals who
regularly eat more beans and other pulses have higher intake of several key dietary components
(e.g., dietary fiber, folate, potassium) and also consume lower levels of fat [159,160].

The adoption of more pulse-centric eating habits can allow people to capitalize on the
benefits of beans and other pulses for human and planetary health. A key approach to encourage

higher pulse intake is to emphasize the motivating factors of pulses while simultaneously
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addressing any barriers, i.€., consumer concerns that may prevent higher pulse intake [128].
Motivators include their versatility, affordable price point, nutrient-dense profile, and
contributions to healthy and sustainable eating patterns [130,133]. Detailed information about the
benefits of pulses for gut health, healthy weight maintenance, and chronic disease (e.g., diabetes,
cardiovascular disease, certain types of cancer) prevention is beyond the scope of this paper but
can be found in the recent literature [6,15,24,27,32].

Despite numerous benefits, there are several primary barriers to higher pulse intake that
are well-established in the literature, including long cooking times and concerns over flatulence
[128,129,133]. Another key barrier is unfamiliarity, or a lack of understanding of how to prepare
pulses and regularly include them in a variety of meals [128,161]. For example, Doma and
colleagues found that consumers tend to prefer to eat beans at certain times and in particular
dishes [133]. Most consumers they surveyed ate beans in the winter, for dinner, and mainly in
dishes like chili and soup [133]. This presents a challenge because lack of awareness of the
versatile ways to eat pulses for different meals of the day and in a wide variety of dishes can
reduce the likelihood that consumers will regularly choose to include them. Thinking beyond
more traditional meals like chilis and soups to varied, diverse options can provide a wider array
of choices to incorporate pulses into daily diets. This could include dishes like smoothies, salads,
sheet-pan bakes, and other ways to include pulses in breakfasts, lunches, snacks, dinners, and
desserts.

Our research team recently conducted a citizen science project to inspire people with the
culinary versatility of pulses and received participant feedback on the Bean Cuisine (i.e., a 2-
week cuisine that incorporated beans and other pulses into 14 unique breakfasts, lunches, snacks,

and dinners for a total of 56 recipes) [161]. Participants significantly increased their knowledge
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about the health benefits of pulses, pulse versatility, and how to prepare dry pulses. They also
reported feedback such as, “I’m more aware of ways to incorporate beans into every meal, and
I’m paying more attention and trying to eat them more” [161] (p. 12). Citizen science can be a
powerful approach to engage the public [153], but it is also important to reach a broad audience
that may not have the ability to participate in a citizen science project. One way to accomplish
this is to leverage Extension to quickly disseminate information throughout its network.
Extension, which is part of the land-grant university system, is well-connected in rural and urban
areas throughout the United States, and staff lead programs and initiatives within their respective
counties to improve the well-being of communities [162].

The mission of Extension is to translate research into action by bringing evidence-based
discoveries and information to local communities to support public health [156]. Thus, Extension
is perfectly suited to accomplish translational research. Traditional science often considered
translational research as “bench-to-bedside” work that served as an interface between basic
science and the clinic [154]. Yet, translational science also encompasses ensuring that research
knowledge reaches the public such that they can reap the benefits of scientific findings [154]. For
this type of translational science, helping individuals change behaviors and make more informed
choices that promote public health is the goal. Moreover, it is not the clinic that is the research
setting, but rather the community [154,155].

To conduct translational research through Extension, we developed a toolkit, or a
collection of educational program resources targeting an issue [163]. This paper addresses
increasing consumption of a variety of pulses — beans as well as chickpeas, cowpeas, dry peas,
and lentils. However, the toolkit was called a “Bean Toolkit” instead of a “Pulse Toolkit” due to

higher familiarity with the word “bean.” Nonetheless, due to including several pulses in addition
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to beans, the toolkit is attractive and relevant to a broad population. As it is called the Bean
Toolkit, the words “pulse” and “bean” may be used interchangeably in this paper.

The Colorado State University (CSU) Extension Bean Toolkit is intended to reach a
wider audience via multiple outlets of the Extension network, such as a 1-hour online class,
handouts, social media posts, and other creative outreach tools with information about beans.
Before creating the toolkit, a Food Habits Survey was designed and conducted. Survey findings
were combined with results from the scientific literature to ensure consumers’ interests and
concerns would be addressed. The CSU Extension Bean Toolkit was designed to mitigate
established consumer barriers and emphasize motivators. Doing so promotes increased intake of
beans and other pulses, which has the potential to advance the health of both people and the
planet.

2. Materials and Methods
2.1. Food Habits Survey Development

To inform the development of the Extension toolkit and class, an online survey was
developed in Qualtrics. The survey was conducted to better understand consumer viewpoints,
behavior, and preferences. The lead author developed the survey questions based on consultation
with experts and a literature search of barriers and motivators for pulse consumption. Similar
question topics and format to other surveys assessing pulse intake-related information amongst
consumers were adopted, such as those by Doma [133], Heer [146], Palmer [140], and Winham
[164]. Questions were refined with the other authors, who are experts in pulses and/or Extension
program development and evaluation. To establish content validity, experts were asked to

provide feedback on question and response option wording, content, and clarity [165-167]. Their
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areas of expertise included pulse nutrition and health benefits, consumer behavior as it relates to
pulses, outreach work, survey design, and program evaluation.

After modifying the survey per expert feedback, a pilot was conducted to measure
reliability, or the ability of the survey to produce consistent results [167]. To assess test-retest
reliability, the survey was administered at two time points approximately 2 weeks apart (average
time between responses = 14.2 days), with no intervention in between. A convenience sample of
the following two groups completed the survey pilot: university students and Extension
volunteers. Overall, 33 individuals completed the survey at two separate time points (n =27
indicated female, n = 27 White, n = 19 were between 18-39 years of age, and n = 12 were
between 50 and 79 years of age). Although 33 is not a large number for a test-retest approach,
questions were designed to be like other Extension surveys and previous research on motivators
and barriers to bean consumption. Thus, the main purpose was to ensure participant
understanding of question wording and determine via free response feedback if appropriate
response options had been provided. The Food Habits Survey was designed to inform toolkit and
class development and was not intended to be a standalone study on consumer behavior and
preferences.

For non-free response questions, Spearman correlations measured correlations between
the test and retest scores for ordinal and/or Likert-type data [167]. Generally, survey items are
considered reliable when they have a correlation coefficient of at least 0.7 and p-value of less
than 0.05 [165,167]. Percent agreement was also calculated because, for small sample sizes,
correlations can be misleading and agreement values are another way to assess consistency,
especially for categorical variables [167,168]. Moreover, agreement is one way to examine

Likert scales and determine if people are choosing similar responses (e.g., “strongly agree” at the
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first time point and “somewhat agree” at the second time point). Percent agreement values

greater than 66% are considered fair [168].

Based on Spearman and agreement values, as well as any feedback received, questions

were either removed or modified as needed, with decisions reached via researcher corroboration.

The wording of all questions and response options was reviewed. Modifications or removal

occurred for questions with a p-value greater than 0.05, for which Spearman correlation scores

were below 0.7, and/or with low agreement scores. Examples of modifications include:

Question removal. For example, one of the original questions asked about the
elevation at which participants live, which can influence cooking time of dry pulses
[169-171]. Participants were directed to a site to tell them their elevation. This
question was removed because participants said that being redirected to another site
sometimes exited them from the survey. Another question that was removed was one
that asked about the importance of the barrier “concern about antinutrients like
lectins,” due to low Spearman correlation and agreement scores (p = 0.47, p = 0.007,
agreement = 0.56).

Response option removal. For several questions, the option of “other” was removed
because no one filled in this response, indicating the provided response options were
sufficient. The consulted experts also did not suggest other response options.
Question and/or response option wording clarification. For several questions,

statements that clarified that more than one option could be selected were added.

This survey was an integral part of the formative evaluation and development of the

Extension Bean Toolkit and class. The final Food Habits Survey can be found in Supplementary

Materials S2.1. A link that provided access to the survey was distributed via multiple platforms,
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including emails, newsletters, and social media posts. It was advertised as a Food Habits Survey
to reduce bias with regards to bean preferences and consumption. This was similar to the
approach taken by Doma and colleagues, wherein the survey was called the Food Survey Study
[133]. Those who completed the Food Habits Survey could choose to receive materials
developed as a result of the survey, a summary of survey findings, and to be entered into a
drawing to win one of multiple $20 Amazon gift cards. This survey work was approved by the
Colorado State University Institutional Review Board, protocol #2016. Survey findings informed
development of the Extension Bean Toolkit components and online class.
2.2. Development of Toolkit Components

The components of the CSU Extension Bean Toolkit were developed based on the
findings from the Food Habits Survey, a review of the literature, and input from experts and
Extension colleagues. For instance, our recent study on how elevation and cooking conditions
impact cooking times provides a summary of tips to shorten cooking times [171]. The tips and
handout that were developed as part of that research were provided to consumers via the
Extension Bean Toolkit. Ways to reduce cooking time include soaking, adding salts to the
soaking water, and utilizing fast-cooking pulses (e.g., lentils) [171-174]. Regarding flatulence,
the literature shows that this concern is overexaggerated [134], a point that is important to relay
to consumers. Practical suggestions to reduce flatulence include slowly increasing consumption
of pulses [134] and discarding the soaking water if preparing dry pulses in the home [175].
Unfamiliarity is another key barrier to address. The literature suggests that recipes are one way to
accomplish this [131]. Therefore, unfamiliarity was mitigated through providing a range of
simple, creative, and tasty recipes. Information to equip consumers to overcome these barriers

was provided in the Extension class and toolkit.
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The purpose of the toolkit was to educate consumers on the benefits and versatile uses of
pulses and provide accessible cooking tips, thereby helping to increase knowledge and awareness
of pulses. The Information-Motivation-Behavioral Skills (IMB) model guided toolkit
development. The IMB model states that there are three core determinants of the performance of
health behaviors: 1.) information that can be translated into behavior; 2.) social and personal
motivation; and 3.) behavioral skills that facilitate the behavior [128,151,152]. The Extension
Bean Toolkit appealed to all three constructs of the IMB model. Information was provided about
the many benefits of pulses and how to prepare them. Personal motivation was appealed to
through explaining the desired health benefits that can be obtained through regular pulse
consumption. Social motivation occurred through creating a community of learners in the online
class and encouraging them to engage with one another via the chat feature. Improved behavioral
skills were promoted via in-depth explanations of how to prepare pulses and the various ways of
using them, and through providing handouts and recipes. The main toolkit components included:

e A bean calendar. The bean calendar, Bean Appetit, had an introduction with

background about pulses and practical cooking information. Each month contained a
photo, a short caption, and a QR code that linked to a recipe and/or other related page
with helpful pulse information. The web pages are available on Food Smart Colorado,
an affiliate website of CSU Extension that provides nutrition, health, and food safety
information. As part of the calendar, 13 pulse-centric recipes were developed, and

they can be found on the website: https://foodsmartcolorado.colostate.edu/food/2022-

bean-calendar-recipes/

e Social media. Monthly social media posts were designed and posted from January

2022 to October 2023. The first year of posts were associated with the months of the
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bean calendar. The second year of posts addressed other topics of consumer interest,
such as human and environmental health benefits, information about how to cook
beans, and creative recipe ideas. Regular posting allowed followers of Food Smart
Colorado to be exposed to various types of information that addressed potential
barriers to pulse intake and emphasized motivators. Analytics such as viewer reach
were assessed through Food Smart Colorado’s Facebook Professional Dashboard.
e Handouts. Two main CSU Extension handouts were developed, one titled “Cooking
Dry Beans” and the other “Tips for Cooking with Dry Beans and Other Pulses.” The
handouts were distributed as part of the Extension class, as well as being made
available online at Food Smart Colorado and linked to in social media posts.
e Blog posts. The lead author wrote several pulse-related blogs on Live Smart
Colorado, a CSU Extension blog run by Family & Consumer Science Extension
Agents and Specialists at CSU.
2.3. Designing and Conducting the Extension Class
Class topics were informed by areas of consumer interest and motivators and barriers for
pulse consumption, as determined by the Food Habits Survey and a review of the literature
[128,130,133]. To structure the class, a farm-to-table approach was decided upon. The class
began with discussions of bean crops in the field and their sustainability benefits, followed by
nutrition and health information, practical cooking tips, and creative and delicious ways to
regularly incorporate beans into the diet. For all topics, motivating factors were emphasized, and
potential areas of misinformation and barriers were addressed.
The 1-hour online class was offered through Zoom and was promoted through the

Extension network, colleagues, CSU emails and newsletters, and social media. All surveys were
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designed in Qualtrics. Questions came from previous Extension class surveys and the questions
that had been piloted and assessed for validity and reliability during development of the Food
Habits Survey. This Extension work was approved by the Colorado State University Institutional
Review Board, protocol #3589.
2.3.1. Validation Class

After the design of the class, an initial testing of impact was conducted, herein called the
validation class. The lead author worked with CSU Extension agents throughout the state to
promote the class, holding six different class sessions in partnership with six different counties in
Colorado. For the validation class, survey data was collected at three time points. This provided
the chance to: 1.) gather more complete feedback from participants about the class to see if any
changes should be made before the final class implementation; and 2.) better understand the
potential impact on short-term behavior. Before the class, participants completed the pre-survey
(Supplementary Materials S2.2), followed by the post-survey immediately after the class
(Supplementary Materials S2.3). After the class, participants were emailed the CSU Extension
bean handouts developed as part of the toolkit, as well as links to recipe resources on Food Smart
Colorado and Colorado Dry Beans. This was part of a Colorado Department of Agriculture
funded project, so this helped direct people to an organization that can provide local bean
information. To assess impacts on short-term behavior, participants were also contacted to
complete a 1-month follow-up survey (Supplementary Materials S2.4), with the chance to
receive a $10 Amazon gift card as an incentive upon completion of all three surveys.

Participant feedback was positive, and no modifications to the slides were necessary.
However, a couple of points were incorporated into the final class. One, people requested more

recipe information. However, there was not adequate time in the class to discuss recipes in-depth
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and still address other topics. Thus, it was emphasized that recipes would be shared in the
follow-up email, and links were immediately sent to participants after completion of the class.
Also, there appeared to be confusion about the wording of the question asking about the
importance of barriers, as is discussed in the results. Therefore, the wording and response options
on the final class survey were adjusted as follows:

e Original wording: “How important are the following in discouraging you from eating
pulses? 'Important' reflects a factor that discourages you. 'Unimportant' represents a
factor that does not discourage you.” Response options ranged from “very important”
to “very unimportant.”

e Modified wording (asked twice, to assess importance before and after):
“BEFORE/AFTER the class, how important were the following in discouraging you
from eating pulses?” Response options ranged from “highly discourages” to “does not
discourage.”

2.3.2. Final Extension Class

For the final class, only one survey was administered, immediately following the class.
This reduced respondent burden and increased the likelihood of gathering complete data from
participants, as opposed to an incomplete set of responses to a multi-survey set like in the
validation class. Retrospective pre-post design has been found to afford many benefits, including
requiring less time to administer, establishing a common metric, and reducing the response-shift
bias that can occur with program participation [176,177]. See Supplementary Materials S2.5 for
the final class survey. Questions were a compilation of those on the validation class surveys.
Instead of asking about knowledge level and the importance of barriers and motivators at

multiple time points, participants were provided two matrices. One asked about knowledge,
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motivators, and barriers before the class and the second about after completion of the class. For
example, participants rated their knowledge of three different topic areas (nutrition and health
benefits, versatility, and how to cook dry pulses) by responding to the following two questions:

I. Onascale of 1 (low) to 5 (high), how would you rate your knowledge of the

following BEFORE the class?

2. Onascale of 1 (low) to 5 (high), how would you rate your knowledge of the

following AFTER the class?

In addition to CSU Extension, outside venues also hosted the class, such as the Denver
Botanic Gardens. As with the validation class, participants were sent a follow-up email with the
CSU Extension bean handouts and links to recipe resources on Food Smart Colorado.

2.4. Statistical Analyses

All statistical analyses were conducted in IBM SPSS Statistics version 28 (IBM Corp.
Released 2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp.).
Statistical analysis to assess test-retest reliability of the Food Habits Survey questions is detailed
in the above Food Habits Survey section. When analyzing the final data set for the Food Habits
Survey and the Extension class, the statistical analysis was conducted similarly to that of our
recent Bean Cuisine citizen science research [161]. Briefly, descriptive statistics were used for
categorical variables like demographics. For Likert scale questions about knowledge and the
importance of barriers and motivators, Wilcoxon signed rank test was used to assess if significant
changes occurred.

For free response data, the lead author utilized an inductive approach, beginning with
opening coding [178,179]. All free response data was reviewed to create categories and

subcategories, which were updated as the analysis progressed [133,180,181]. Via comparative
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analysis, related codes were categorized and themes were extracted. The constructs of the IMB
model [151] informed theme extraction, with focus on key information, motivational aspects,
and behavior changes that could influence pulse intake [128]. These codes were grouped into
themes that were fully supported by the data and corroborated with the other researchers on the
project. Quotes were then selected to illustrate the themes that emerged and arranged into tables.
3. Results
3.1. Food Habits Survey

A total of 940 individuals completed the Food Habits Survey (see Supplementary
Materials S2.1 for the survey questions). There was higher participation by White, educated
females: 82.8% of participates selected White as their ethnicity, nearly 33% had a master’s
degree, and about 80% were female. A relative lack of socioeconomic diversity is a challenge
faced in other outreach work [161]. Although this could limit generalizability to a larger audience
[153,182], it may be representative of the population likely to utilize the resulting Extension
Bean Toolkit resources and take the Extension class. This is because the recruitment methods
were similar for both, thus a comparable group is likely to be reached when these resources are
promoted. For more details about respondent demographics, see Supplementary Materials S2.6.
3.1.1. Pulse Intake Frequency and Preparation Habits

When asked about frequency of pulse intake, the most frequent response was “1-3 days
per week” (n =438, or 46.6%), as shown in Table 2.1. When “never” was coded as 1 and “every
day” as 6 (i.e., higher numbers corresponded to more frequent intake), average consumption was
4.1, with a standard deviation of 0.94. Notably, this survey question only provided data on a
range of frequency of consumption, not the exact number of days on which pulses were

consumed, nor the intake volume. Thus, the average consumption score of 4.1 represents a range
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of days per week that the average survey respondent eats pulses, but it does not provide more
detailed information on average intake. This is a limitation of the survey tool, as will be
discussed later in more detail.

Table 2.1. Frequency of pulse intake of Food Habits Survey respondents.

How often eat pulses Number (out of n = 940) Percentage of respondents
Every day 63 6.7
4-6 days per week 229 24.4
1-3 days per week 438 46.6
1-3 times per month 166 17.7
Less than 1 day per month” 40 43
Never 4 0.4

*On the survey, this response option was phrased as “several days per year, but less than 1 day
per month.”

Most participants reported that they were omnivores (n = 680, 72.3%), followed by
pescatarians (n = 106, 11.3%), vegetarians (n = 84, 8.9%), and vegans (n = 69, 7.3%). When
examining frequency of pulse intake by dietary pattern, it is evident that those respondents who
follow pescatarian, vegetarian, and vegan dietary patterns eat pulses more often than the
omnivore group. As shown in Table 2.2, vegans were the group with the highest frequency of
pulse intake. Whereas some omnivores (n = 4) selected never for pulse intake frequency, the least
frequent option selected by pescatarians was “several days per year, but less than 1 day per
month.” For both the vegetarian and vegans surveyed, the least frequent option selected was “1-3
days per month.” This suggests that these groups demonstrate more frequent pulse consumption
than omnivores.

Participants provided information about their pulse cooking and consumption habits. The
majority of individuals (n = 882, ~94%) had cooked with dry pulses at least once before. This is

a high percentage and may represent a bias or limitation. However, the question only asked
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whether participants had cooked dry pulses at least once. Thus, it is not clear what percentage of
these 882 respondents regularly cook dry pulses versus how many have only cooked dry pulses
once or a few times.When asked “Which cooking method(s) do you regularly use when
preparing beans? You can select more than one,” the highest number of respondents selected
stovetop (n = 594 of the 882 that have cooked dry pulses before), followed by slow cooker (n =
350) and electric cooker (n = 330). Traditional pressure was the least common response (n = 93),
with more people regularly using their ovens (n = 155) than a traditional pressure cooker.

Table 2.2. Average frequency of pulse intake, by dietary pattern.

Dietary pattern
Average* = SD Mode
(n out of 940)
Vegan (n = 69) 5.04+£0.74 5 (= 4-6 days per week)
Vegetarian (n = 84) 4.70 £0.77 5 (= 4-6 days per week)
Pescatarian (n = 106) 4.37+0.88 4 (= 1-3 days per week)
Omnivore (n = 680) 3.89 +0.89 4 (= 1-3 days per week)

*A larger number represents more frequent pulse intake, where 1 = never, 2 = several days per
year, but less than 1 day per month, 3 = 1-3 days per month, 4 = 1-3 times per week, 5 = 4-6 days
per week, and 6 = every day.

Soaking dry pulses was a common practice among those who cook dry pulses. Only 63 of
the 882 people who cook dry pulses indicated that they never soak before cooking. The most
common response option when asked “How likely are you to soak dry beans and other pulses
before cooking?” was “Very often (81-100% of the time)” (n = 230). Of the respondents who
soak dry pulses at least some of the time before cooking, most people discard the soaking water
(n = 625), with a much smaller number that chooses to cook in the soaking water (n = 188).
Additionally, n = 374 individuals (about 46% of those who indicate they soak dry pulses) have
tried the quick soak method. This method entails boiling for about 3 minutes and then letting

stand for 1 hour before cooking, instead of a longer overnight soak [171,183].

52



Respondents were also asked about what influenced their decision to use salt when
cooking with dry pulses. This question was asked to the 882 individuals who indicated they have
cooked dry pulses before. It was evident that there is confusion about this topic, because almost
the same number of people indicated that salt can help pulses soften (n = 139) as did the number
that thought salt prevents pulses from softening (n = 137). Therefore, addressing this potential
area of confusion could be a helpful topic to cover in the consumer resources and class. Overall,
the most common factor that influenced the decision to use salt or not was recipe instructions (n
= 237), indicating the importance of clear, well-written recipes.

3.1.2. Pulse Preference and Form in Which Pulses Are Eaten

Respondents were asked about how much they liked five main types of pulses, with
results shown in Table 2.3. Dry beans were the favorite type of pulse (n = 803 like dry beans),
followed by chickpeas (n = 766). Cowpeas (also called black-eyed peas) and dry peas were the
least favorite type of pulses, with » = 139 and n = 132, respectively, indicating they do not like
these pulses. Cowpeas also appeared to be the least familiar pulse to respondents, with the

highest number of individuals (n = 89) indicating they have not tried them before.

Table 2.3. Respondent liking of five main types of pulses.
Total Likes***  Total Dislikes****  Have Not Tried

Pulse Type* Mode** Score

(n) (n) (n)

Dry beans Strongly like 803 60 4
Chickpeas Strongly like 766 71 12
Lentils Strongly like 707 79 18
Dry peas Somewhat like 612 132 30
Cowpeas Somewhat like 510 139 89

"Pulses were clarified with the following wording in the survey: chickpeas (also called garbanzo
beans); cowpeas (also called black-eyed peas); dry beans (pinto, black, kidney, etc.); dry peas
(split peas). ““To calculate the mode, “have not tried” was considered one step further than
strongly dislike, as individuals had not been interested enough to even try this type of pulse
before. "This shows the sum of participants who indicated they either strongly or somewhat like
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this type of pulse. ~This shows the sum of participants who indicated they either strongly or
somewhat dislike this type of pulse. Note that the number of neutral responses is not shown in
the table.

Participants also indicated how they have eaten pulses in the last year. They were
provided with a list of types of pulse dishes and could select multiple options. Table 2.4 indicates
the breakdown of how respondents reported eating pulses. Pulses mixed with grains, dips, and
soups all had over 700 respondents indicate that they have eaten pulses this way within the last
year, with nearly 700 selecting chili. Dishes made using pulse flour were less common ways to
consume pulses. Dessert was by far the least common way that people ate pulses, with only 192

individuals indicating they have eaten desserts with pulses within the last year.

Table 2.4. How respondents ate pulses within the last year.

Type of dish n (out of 940)*
Beans or other pulses with rice or other grains 772
Dips 731
Soups 705
Chili 697
Plain beans or other pulses 658
Refried beans 655
Salads 623
Pastas (pulses mixed in with pasta, not pulse flour pastas) 452
Breads, crackers, or pastas made with pulse flour 407
Desserts 192

"This is the number of individuals who selected yes when asked if they ate this type of pulse dish
within the last year.

3.1.3. Motivators and Barriers to Pulse Intake

Respondents also indicated the relative importance of various motivating factors to eat
beans. Table 2.5 shows how respondents rated the importance of nutritional factors of beans. As
shown in the table, protein and fiber were deemed the most important nutritional factors by

respondents. The total number of important responses (i.e., the sum of “very important” and
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“somewhat important’) was similar for fiber and protein, » = 809 and n = 812, respectively. The
average importance score of protein was slightly higher than that of fiber though, also with a
smaller standard deviation. Although the low-calorie nature of beans and other pulses was still

important to respondents, it ranked as the least important of the nutritional motivators.

Table 2.5. Importance of nutritional motivators to Food Habits Survey respondents.

Total Important**

Motivator Average* = SD Mode
[ (%0)]
Protein 4.39 £0.81 5 812 (86.8)
Fiber 4.29 +0.85 5 809 (86.2)
Micronutrients 421 £0.87 5 753 (80.6)
Low-fat 3.83£1.09 4 620 (66.2)
Low-calorie 3.65+1.10 4 544 (58.2)

Participants were asked “How important are the following nutritional aspects of pulses in
motivating you to eat them?” “A higher average score indicates greater importance, with 1 = very
unimportant, 2 = somewhat unimportant, 3 = neutral, 4 = somewhat important, and 5 = very
important. *“Very important and somewhat important responses were added together, to show the
total number of respondents who indicated that this nutritional factor was important in
motivating them to eat pulses, with results displayed as n (%).

Table 2.6 lists other motivational reasons for eating pulses, beyond the nutritional factors
shown in Table 2.5. Based on the results shown in Table 2.6, taste was the most important factor
for survey participants, with nearly 91% indicating this was important. Taste was followed by
health benefits, with almost 85% indicating this was important to them. The affordable price
point of pulses and their environmental and sustainability benefits were rated as similarly
important, with average ratings of 3.99 and 3.98, respectively. Gluten-free ranked dramatically
less important compared to other factors, with the most common response option selected being
“very unimportant.”

When asked about potential barriers to pulse intake, the most important barriers were

long cooking times (with n =472, 50.5% ranking this as important), concerns about flatulence (n
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=366, 39.0%), and being unsure how to prepare pulses (n =287, 30.8%). However, after
conducting the Extension validation class, it was determined that the wording of this question
and response options were confusing to participants. The question asked: “How important are the
following in discouraging you from eating pulses? 'Important' reflects a factor that discourages
you. 'Unimportant' represents a factor that does not discourage you.” Needing to rank the
importance of barriers as important is similar to a double negative structure, and this appeared to
confuse some individuals. Therefore, results of the ranking of importance of barriers are not
shown in detail here. More detailed responses about the importance of certain barriers can be
found in the results of the final Extension class, after question wording was modified for
improved clarity.

Table 2.6. Importance of other motivators to Food Habits Survey respondents

Total Important**

Motivator Average* = SD Mode
[ (Y0)]

Taste 4.52 £0.75 5 851 (90.9)
Health benefits 430 +£0.81 5 790 (84.5)
Affordable 3.99+1.00 5 679 (72.5)
Sustainability 3.98+1.00 5 668 (71.4)
Family & friends™™ 3.51+1.14 4 509 (54.6)
Tradition/cultural ™" 320+ 1.15 3 370 (39.5)
Gluten-free 2.46 + 1.37 1 227 (24.3)

Participants were asked “How important are the following reasons in motivating you to eat
pulses?” “A higher score indicates greater importance, with 1 = very unimportant, 2 = somewhat
unimportant, 3 = neutral, 4 = somewhat important, and 5 = very important. * Very important and
somewhat important responses were added together, to show the total number of respondents
who indicated that this nutritional factor was important in motivating them to eat pulses, with
results displayed as 7 (%). ~ Survey wording was “family and/or friends likes eating beans and
other pulses.” " "Survey wording was “part of traditional food choices/cultural reason.”

A question about barriers to cooking with dry pulses was also asked, but in a different
format. Respondents were asked whether “any of the following ever prevented you from cooking

with dried pulses? Please select all that apply.” Response totals are shown in Table 2.7. The
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numbers align with the literature, indicating that long cooking times can pose a major barrier to
pulse consumption.

Table 2.7. Barriers to cooking dry pulses.

Barrier n (out of 940)*
Long cooking times 449
Unsure how to cook dry 158
Prefer canned 118
Don't like cooking 105
Don’t have cooking equipment 68
Don’t like pulses 51

“This is the number of individuals who selected yes when asked, “Have any of the following ever
prevented you from cooking with dried pulses? Please select all that apply.”

3.1.4. Topics of Interest and Preferred Resource Format

The main purpose of the survey was to use findings — in conjunction with expert input
and the literature review — to inform the development of the Extension class and toolkit
resources. Thus, respondents were asked about topics of interest and preferred formats. Nearly
68% of respondents indicated interest in electronic handouts and 41% in printed resources.
Accordingly, handouts were developed to be posted and distributed in an online format, but
formatted as a PDF such that they could easily be printed. The percentage of people who
indicated interest (i.e., the sum of those who indicated very or somewhat interested) in the
following topics was as follows: 1.) 74.3% indicated interest in tips to include more pulses in
their diets; 2.) 62.5% in myth busting (i.e., addressing myths and misinformation related to
pulses); 3.) 61.0% in nutritional information; 4.) 54.5% in flatulence and ways to address this
concern; and 5.) 48.9% in the effects of elevation on the cooking of dry pulses. As many
participants either did not regularly cook dry pulses and/or did not live at high elevation, it is

reasonable that this topic would be of the least interest.
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Most individuals indicated that they would prefer an online class (n = 555, 59.0%) to an
in-person class (n = 136, 14.5%), and n = 231 (24.6%) selected no preference. Due to this
response and the ability to reach audiences with a wider geographical spread, it was decided to
conduct the class online.

3.2. CSU Extension Bean Toolkit
3.2.1. Bean Calendar

One thousand copies of the Bean Appetit calendar (see Figure 2.1) were printed and
broadly distributed. Although most of the calendars were given to Coloradans due to the nature
of the project and its ties to CSU Extension, calendars were sent to people in at least 24 states, 6
countries (USA, Canada, Mexico, South Korea, United Kingdom, Chile), and 4 continents. Some

Extension agents gave them away as incentives and prizes to participate in community programs.

Spread the love with bean toast,
a quick and tasty nutrient- and
fiber-packed meal for any time
of day.

(0

Figure 2.1. Bean calendar. (a) Bean Appetit calendar front cover; (b) back cover (the final
printed version also contains the logo of the printing company in the bottom right); (c¢) an
example of text and the associated QR code that links to the Food Smart Colorado website for
the associated recipe post (in this case: a bean toast).

3.2.2. Social Media

Monthly social media posts were published on Food Smart Colorado’s social media
platforms, Instagram and Facebook. Figure 2.2 shows examples of the images, which were also
supplemented by captions with helpful information and links to accompanying pages on the

Food Smart Colorado website when relevant. For instance, the post shown in Figure 2.2a read,

58



“Happy National Bean Day!! To celebrate, check out our new handout with tips for cooking dry

beans: https://foodsmartcolorado.colostate.edu/cooking-dry-beans/. Beans are a great way to start

the new year off right, and then to continue enjoying all year long.” Figure 2.2¢ had the caption,
“No matter whether you made a new year's resolution to include more beans this year, or you are
a longtime fan of beans, it's always nice to try new bean dishes. Beans are incredibly versatile
and easy to incorporate in any meal of the day - salads, soups, pastas, and more!” Related

hashtags were also included.
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(b)
Figure 2.2. Food Smart Colorado social media bean post images. (a) The January 2023 post
directed people to the newly created bean handouts that were part of the Extension toolkit; (b)
This March 2023 post shared nutritional and human health benefits of beans, major motivators
for consumption; (c) This post from June 2023 was intended to inspire audiences with the
culinary versatility of beans, to help address the barrier of unfamiliarity.

Other organizations and individuals shared the social media posts, expanding audience
reach. As of July 13, 2023, the post with the highest reach (n = 669) and engagement (n = 69)
was from February 2022. This post shared the bean toast recipe from the Bean Appetit calendar,
and the caption read, “February is American Heart Month! Did you know that beans are
associated with reducing the risk of heart disease? Plus, they are delicious and versatile. Check

out this quick and tasty recipe for Bean Toast: https://foodsmartcolorado.colostate.edu/bean-

toast/.” The reasons for posting this recipe included: 1.) inspiring people with new ways to use
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beans; 2.) offering a quick, simple recipe that is more likely to appeal to people because it is easy
to make; and 3.) highlighting the association of beans and heart health [6,48] and linking it to the
larger narrative of American Heart Month.
3.2.3. Bean Handouts

Two new CSU Extension handouts were developed as part of the Extension Bean Toolkit.

“Cooking Dry Beans” (find online: https://foodsmartcolorado.colostate.edu/cooking-dry-beans/)

explained how to purchase, store, and cook dry pulses. “Tips for Cooking with Dry Beans and

Other Pulses” (find online: https://foodsmartcolorado.colostate.edu/tips-for-cooking-with-dry-

beans-and-other-pulses/) offered specific tips to shorten cooking time. Details on the

development of this second handout are detailed in our recent publication about consumer-
accessible ways to cook dry pulses more quickly [171]. The handouts were distributed as part of
the Extension class, as well as being made available online at Food Smart Colorado at the
aforementioned links.
3.2.4. Extension Bean-Related Blog Posts

In 2022, the lead author wrote three pulse-related blogs on Live Smart Colorado, a CSU
Extension blog run by Family & Consumer Science Extension Agents and Specialists at CSU
that publishes weekly. For example, one of the blogs was about how beans can be a secret

ingredient in smoothies: https://livesmartcolorado.colostate.edu/try-adding-this-secret-

ingredient-to-your-smoothies/. This blog post was one of the most successful Live Smart

Colorado posts of the year, ranking number six for top blog posts of 2022. Blogs written earlier
in 2022 and in previous years were also evaluated, meaning they had more time to accumulate
views throughout the year. Despite being published in June, the smoothie blog still had one of the

highest rankings. This suggests that consumers were interested in this topic, which directly
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relates to both a barrier (i.e., unfamiliarity) and motivating factors (i.e., culinary versatility and
boosting nutrition through beans) for pulse intake.
3.3. Extension Class

Sociodemographic data was only collected on the pre-survey, thus data was not collected
for all participants in the validation class because not everyone completed the pre-survey.
Therefore, demographic data is only shared for the final class, which had more participants and a
complete data set of demographics. As this class was conducted through CSU Extension, most
participants were from Colorado (83.7%). Of the 69 Coloradoans who completed the survey and
chose to list their county, attendees came from 22 of Colorado’s 64 counties. About 88% of
participants were female and around 90% White. The largest age group was 60-69 years of age
(about 31%), which falls within the average age found for Extension volunteers like Master
Gardeners [184]. This was likely because CSU Extension played a key role in helping recruit
participants. More detailed participant demographics for the final class are provided in
Supplementary Materials S2.7.

On the validation class pre-survey, participants were also asked about what they hoped to
learn in the class. This was one way to confirm whether the Food Habits Survey and literature
review facilitated successful emphasis on topics of consumer interest. Indeed, responses aligned
well with class content, grouping into the following categories:

e (Cooking and preparation tips (example quotes: “Tips to spend less time cooking dry

beans,” “More about beans and ways to cook dry beans instead of canned,” and
“More about easiest way to prepare dry beans incl ways to shorten prep time,

resources for recipes, resources for buying local”);
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e Health information (example quotes: “Health benefits, how to prepare and recipes,”
and “Ways to reduce gas in beans, ways to add beans to foods or recipes, frequency of
eating that is the best for health”);

e Benefits for the planet (example quote: “Ways that growing beans are beneficial to us
and the earth”);

e Diverse ways to use beans/recipes (example quotes: “I cook pintos 95% of the time
and would like more diversity,” “New recipes and ideas for preparing pulses,” and
“Perhaps some more ways to incorporate dry beans other than the traditional way I fix
them, and to broaden which dry beans I have in my diet”); and

e Convenient, tasty ways to eat beans more regularly (example quotes: “Fast cooking
tasty recipes,” “I'd also like to have some easy to prepare recipes,” and “Tasty meals
and snacks using pulses so I can consume more.”)

3.3.1. Changes to Consumption and Bean Preparation Habits

The validation class surveyed participants at multiple time points, allowing for follow-up
about changes to consumption and preparation behavior. Forty participants filled out the pre-
survey and 1-month follow-up surveys, which asked about frequency of consumption and usage
of dry versus canned pulses. There was a significant increase in the frequency of pulse intake (p
=0.004), as shown in Figure 2.3. Changes seen on the higher end of pulse consumption were
minor, i.e., similar numbers of participants consumed pulses 4-6 days per week or every day both
before and 1 month after the class. However, there was a large jump in the number of individuals
eating pulses 1-3 days per week, instead of only 1-3 days per month or less than 1 day per
month. In addition, 40.4% of respondents indicated that as a result of the class, they “started

cooking with dry pulses more often (as opposed to canned).”
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Figure 2.3. Changes in frequency of pulse consumption after participating in the validation class.
“Less than 1 day per month” is shortened in the figure, but the full response option read “several
days per year, but less than 1 day per month.” No participants selected “never” as the response
for how often they eat pulses. The actual numbers of responses out of # = 40 are shown above
each column.

Due to only having one time point for the survey, it was not possible to assess short-term
changes in behavior for the final class as was done for the validation class. However, participants
were asked if they were “more likely to regularly eat more beans and other pulses™ as a result of
the class. The majority of participants indicated yes (n = 63, 73.3%). Part of why this number is
not higher is that some participants commented that they already ate high levels of pulses and
therefore would not be increasing this further. For example, one individual stated, “I eat quite a
few as is.” Similar sentiments were expressed in the validation class survey, such as “I eat dried

beans twice a day [lunch + dinner] and this has not changed due to the class.”
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3.3.2. Changes to Knowledge and the Importance of Motivators and Barriers

The final class assessed participant knowledge about three different topics, as well as the
importance of several motivators and barriers to pulse consumption (n = 86 completed the
survey, although actual Zoom participant count was about 130). Table 2.8 shows changes to
participant knowledge before and after the class. Significant increases in participant knowledge
occurred for all three categories. The greatest improvement was seen for knowledge of the
nutrition and health benefits of beans and other pulses.

Table 2.8. Pulse knowledge before and after participating in the final Extension class.

Knowledge of Pulse Nutrition and Health Benefits Pre: n (%) Post: n (%)

1 (low) 9 (10.5) 0

) 19 (22.1) 0

3 29 (33.7) 2(2.3)

4 22 (25.6) 30 (34.9)

5 (high) 6 (7.0) 53 (61.6)
Average score = SD 296+ 1.10 4.60 + 0.54
Difference (p-value) 1.64 (<0.001)
Knowledge of Pulse Versatility* Pre: n (%) Post: n (%)

1 (low) 6 (7.0) 0

) 31(36.0) 1(1.2)

3 23 (26.7) 9 (10.5)

4 21 (24.4) 31(36)

5 (high) 44.7) 44 (51.2)
Average score 2.84+1.03 439+0.73
Difference (p-value) 1.55(<0.001)
Knowledge of How to Prepare Dry Pulses Pre: n (%) Post: n (%)

1 (low) 9 (10.5) 0

2 17 (19.8) 0

3 25(29.1) 8(9.3)

4 24 (27.9) 35 (40.7)

5 (high) 10 (11.6) 42 (48.8)
Average score 3.11£1.18 4.40 + 0.66
Difference (p-value) 1.29 (<0.001)

*The question asked about “knowledge of ways to use beans/pulses in various dishes.”
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The importance of motivators and barriers before and after participation in the final class
was also evaluated, as shown in Table 2.9. High numbers for motivators represent strong
motivation and high numbers for barriers are strong barriers (i.e., lower numbers indicate that
something is not a big barrier). Before the class, the most important nutritional motivator was
protein, but after the class, dietary fiber was the most important. Overall, micronutrients (i.e.,
vitamins and minerals) saw the greatest increase in importance among the nutritional motivators.
For the other motivators (i.e., non-nutritional motivators), before the class, taste was ranked as
the most important. However, after the class, both human health benefits and sustainability
ranked higher than taste. Even though “local” had the lowest of the importance rankings post-
class, it increased by the greatest amount. For barriers before the class, long cooking times were
the greatest barrier, followed by being unsure how to prepare pulses. People appeared to like the
taste of pulses and thus did not report that taste discouraged them. All barriers saw a decrease in
importance after the class, meaning they less strongly discouraged people from eating pulses.
The greatest decreases in importance were seen for the top two barriers, long cooking time and

unsure how to prepare, indicating that the class successfully helped mitigate these barriers.

Table 2.9. Importance of motivators* and barriers™ before and after participating in the final
Extension class.

Nutritional Motivators Pre: Average = SD Post: Average + SD Difference (p-value)

Protein 4.06+0.97 470+ 0.67 0.64 (<0.001)
Fiber 3.99+0.93 476 £ 0.65 0.77 (<0.001)
Micronutrients 3.56 £1.06 4.71 £0.70 1.15 (<0.001)
Low-fat 351+ 1.13 430+ 1.02 0.79 (<0.001)
Low-calorie 3.47+1.00 4.21+£1.03 0.74 (<0.001)
Other Motivators Pre: Average £ SD Post: Average + SD Difference (p-value)
Taste 4.01 £0.91 4.51£0.72 0.50 (<0.001)
Health benefits 3.70 +1.01 4.85+0.45 1.15 (<0.001)
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Table 2.9. Importance of motivators* and barriers™ before and after participating in the final
Extension class (cont.).

Other Motivators Pre: Average £ SD Post: Average + SD Difference (p-value)
Affordable 3.76 £ 0.96 4.42+0.79 0.66 (<0.001)
Sustainability 3.32+1.07 4.63 £ 0.60 1.31 (<0.001)

Local 3.04+1.10 4.41+0.82 1.37 (<0.001)
Barriers Pre: Average £+ SD Post: Average + SD Difference (p-value)
Long cooking times 3.08+1.34 1.97 £1.03 -1.11 (<0.001)
Gas/flatulence 2.67 £ 1.41 1.99 +1.08 -0.68 (<0.001)
Unsure how to prepare 2.95+1.36 1.81 £1.01 -1.14 (<0.001)
Family/friends don’t like = 2.24 + 1.35 1.81 £1.10 -0.43 (<0.001)
Don’t like the taste 1.73+£1.08 1.60 £0.90 -0.13 (0.177)

*Participants ranked how important the listed aspects were in motivating them to eat pulses. A
higher score indicates greater importance, with 1 = very unimportant, 2 = somewhat
unimportant, 3 = neutral, 4 = somewhat important, and 5 = very important, therefore, a high
average score means this aspect was considered highly motivating. ~Participants were asked
how important the listed aspects were in discouraging them from eating pulses. A 1 = does not
discourage, 2 = very minimally discourages, 3 = minimally discourages, 4 = somewhat
discourages, 5 = highly discourages; thus a higher number means this factor is considered a
strong barrier, and a lower number means the factor does not greatly discourage participants
from eating pulses.

3.3.3. Themes in the Free Response Data

Recurring themes were found in the data. In the tables below, quotes from the validation
and final class have been combined because class content was the same. Additional participant
quotes demonstrating these themes are provided in Supplementary Materials S2.8. Table 2.10
groups responses into themes for two separate, but similar, questions: 1.) “What information
shared, if any, most motivated you to eat more pulses?”’; and 2.) “What did you find most

interesting about the class?”
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Table 2.10. What information participants found most motivating and interesting about the

Extension class.

Theme Motivator* — Example Quote Interesting** — Example Quote
Health Benefits e “Health benefits! I have high e “Significant benefits of
cholesterol and see that adding consuming beans from the
this fiber from pulses in as standpoint of both heart and gut
many ways as possible could be health.”
very beneficial for weight e “Understanding the health
management and hopefully benefits and your gut will adjust
cholesterol reduction.” to eating more beans.”
e “The health benefits were more
than I realized.”
Nutrition e “The stats on dietary fiber were e “The amount of fiber and
quite eye-opening.” protein in beans. I knew they
e “Ididn't appreciate just how were good for you, but I never
much more fiber they have than really knew the exact reason
oats and other grains.” why.”
e ‘I learned that pulses offer more ~ ® “The entire class was
nutrients than my usual interesting, but the fact about
breakfast of oat bran, so now it's our dietary fiber gap really
‘beans for breakfast!’ for me!” surprised me. Also that the
pulses are so much higher in
protein and fiber.”
Environmental e “The tremendous health benefits e “Interesting about drought
Benefits for low cost, both monetary and tolerant which is more and more
environmental.” important.”
e “How good they are for the e “Benefits to the soil and
environment as compared to environment.”
meat.”
Affordable e “Cost-very budget friendly.” e “That beans are a triple winner:
e “They are a cheaper source of highly nutritious, inexpensive,
protein.” and easy on our environment.”
Culinary e “[ appreciated the information e “So many different uses for
Versatility and ideas of adding beans to a beans and a reminder to use

smoothie or making a bean dip.
So many fun new ways to
incorporate getting them into
my diet.”

“The creative ways to add
pulses to dishes and the
beautiful and very appetizing
pictures of pulses in dishes.”

them in salads!”

“Aquafaba!!! I had no idea this
was a thing or that it can be
whipped like a meringue.”
“Using bean flour.”

“I learned about the Mayocoba
beans. I had never heard of
them before and saw that they
were at Walmart so will see if [
can find them.”
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Table 2.10. What information participants found most motivating and interesting about the

Extension class (cont.).

Culinary
Versatility
(cont.)

“Use of pulses for every meal.
Going to personally challenge
myself to incorporate beans into
breakfast and smoothie
options.”

Local

“I had no idea that Colorado
grew and produced so many
beans!”

“That there are a wide range of
pulses grown locally.”

“I didn't realize Colorado grew
so many beans and they can be
purchased locally. I'll look into
those. I also want to try the
Mayocoba beans, these are new
to me.”

Presenter
Enthusiasm

“Honestly Chelsea's enthusiasm
and passion alone was totally
motivating to eat more beans!”
“Chelsea's enthusiasm, makes
me want to try more beans.”

“The presenter was marvelous!
She was very upbeat and
engaging...and knowledgeable. I
bet she could get anybody to eat
beans!”

“The enthusiasm of the speaker
- seriously, makes me want to
buy bean and get cooking!”

“Responses to the question, “What information shared, if any, most motivated you to eat more
pulses?” “Responses to the question, “What did you find most interesting about the class?”
Additional participant quotes are provided in Supplementary Materials S2.8.

In addition to the themes outlined in Table 2.10 above, several participants commented

that the tips provided for reducing gas helped motivate them to eat more pulses. For example,

“that soaking them can reduce flatulence” and “learning what a good source of protein they are,

and ways to lessen gassy side effects” were both responses to the survey question about

motivation. Moreover, three additional topics were repeatedly mentioned when asked about what

they found most interesting in the class. They are listed separately here and not in the table

because the same theme was not found for responses to what participants found most motivating.

1. Clarification about terminology. Many participants were not previously familiar

with the term ‘pulse’ (example quotes: “Definition of Pulses - did not know that

term(!!)” and “That after all these years of life, I was not aware of a ‘pulse’”);
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2. Myth busting. Addressing common bean myths, such as that adding salt always
slows down cooking (example quote: “The idea of adding salt - that it doesn't slow
down the cooking of beans™); and

3. Format. Participants enjoyed the class format and said that it held their interest
(example quotes: “I liked hearing and seeing a little about everything. It kept me
focused,” “The topics covered in the class were connected seamlessly to the next
topic resulting in an attention grabbing one hour!” and “It was a very cool and
informative class, I really enjoyed the pacing of it, the easily digestible info, and
cooking tips and recipes!”).

Table 2.11 highlights the responses to the question that was asked on the post-survey for
the validation class and the survey for the final survey, “What new ways, if any, are you looking
forward to including pulses in meals?” For the validation class 1-month follow-up survey,
participants also responded to the question, “If you have tried a new way(s) to eat pulses since
the class, please share what it was and what you thought.” Therefore, the table shows ways in
which participants reported having actually acted upon their responses regarding what pulse
dishes they were looking forward to trying.

Table 2.11. New ways in which class participants looked forward to trying and/or did try pulses.

. Looking Forward To* — New Dish They Tried** —
Type of Dish
Example Quote Example Quote

e "My kids love smoothies so we'll e “Tadded beans to a smoothie.

add to smoothies." It was great! I shared that
Smoothies e “Me and those in my household with others who said they

very open to trying pulses in would be interested in trying
smoothies!” that as well.”

e “Bean based pasta” e “Started buying chickpea
“Pasta. Whole wheat pasta is not chips instead of corn chips.”

Pulse Product i
ulse Froducts very good. Just discovered

chickpea pasta and will try it.”
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Table 2.11. New ways in which class participants looked forward to trying and/or did try pulses

(cont.).
. Looking Forward To* — New Dish They Tried** —
Type of Dish
Example Quote Example Quote
“My husband and I tried

Pulse Products

chickpea pasta ... instead of
the traditional white pasta we

(cont.) get. It was really good! Much
better than the whole wheat
pasta.”

“The idea of making desserts more “Black bean brownies. Loved
nutritious has got me inspired.” them!”
“I will try to include beans in my “Black bean chocolate
Baking & diet more and in baking! I made mousse. Delicious, dense and
Desserts black bean brownies for the first filling.”
time right after the talk.”
“I like the idea of the chickpea
flour for baking, too.”
“Half and half when we would No quote received
Combining typically use all beef.”
with Meat “Adding them more to meat
dishes.”
“Breakfast! Never considered that” “Pulses in breakfast foods
"I am really going to try and eat a was new to me. I'm still
Breakfast lot more beans, and incorporate getting used to the texture.
them into more breakfasts and It's a bit heavy.”
lunches since I just have had them
mainly for dinners and in soups."
“I want to try some of the recipes “Before the class I only ate
that were shown and try adding them as a side dish or in chili
pulses to meals we already eat.” or bean soup. I tried making a
“Adding beans to meals we bean dip and it worked but
Adding to already make.” I'm too lazy for that. Now I

Favorite Dishes

“I plan to toss them into whatever I
make.”

just try add a bit to every
lunch and dinner. For
instance I add them to my
salads whether that be a meal
salad or a side salad.”

“More use in salads!”

“Added canned chickpeas to

Salads “Adding beans to salads. I love a salad--very good.”
one meal salads!”
“I really like hummus and think “I tried the spread with the
Dips that it will be easier to incorporate olives, and it was delicious!”

it into more meals as a start.”
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Table 2.11. New ways in which class participants looked forward to trying and/or did try pulses
(cont.).

] Looking Forward To* — New Dish They Tried** —
Type of Dish
Example Quote Example Quote
Dips e “Easy - first thing I'm going to try: e “Made hummus with black
Olive-y Bean Dip!!! YUM!” beans.”
e “Using cooking water for egg e “Used the bean cooking
whites.” water in a smoothie.”
Aquafaba e “I want to try whipping bean broth.
Will use bean broth in making
soup.”
With Other e “Adding them to pasta” e “Ihave put in with my
Grains & e “Combing them with mashed oatmeal!”
Carbohydrates potatoes”
e “Try the Mayocoba beans. Never e “Itried northern beans for the
heard of them before.” first time! Loved them.”
New Pulse “
Varieties Honestly I bought a bunch of

beans and am looking forward to

trying them all in different ways!”
*Responses to the question, “What new ways, if any, are you looking forward to including pulses
in meals?” “"For those who participated in the 1-month follow-up survey for the validation class,
responses to the question, “If you have tried a new way(s) to eat pulses since the class, please
share what it was and what you thought.” The responses do not line up, i.e., responses of what
participants actually tried have not been matched to what they indicated they are interested in
trying, as these responses came from both the validation and final class and multiple surveys.
Additional participant quotes are provided in Supplementary Materials S2.8.

In the surveys, participants also provided information about changes they intended to
make to pulse preparation habits and intake. This information is displayed in Table 2.12. Quotes
like “needing something that cooks more quickly” highlight the importance of convenience for

consumers, so that pulses can fit into their busy lifestyles.
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Table 2.12. Intended changes to pulse intake and preparation habits.

Theme

Example Quote

Intake

“I obviously need to eat way more and make them a regular part of my
diet.”

“I would like to start the journey towards 2 c. of pulses each day."
“Found the presentation very informative and am definitely
incorporating more pulses into my diet.”

Use Variety

“Look into other options when needing something that cooks more
quickly (lentils instead of black beans).”

“I had never thought of adding white beans to potatoes, macaroni and
kidney beans, bean toast, black beans to a chocolate smoothie, or to egg
scrambles or breakfast burrito. My mindset before had been just have
soups with beans, add beans to taco salads or as a side dish. So many
more choices now so thank you!”

Cooking
Dry Pulses

“I've never cooked dry beans so I'm very excited to try.”
“Using more of dry pulses”

Soaking

“Adding salt to soaking!”

“Will soak beans to reduce flatulence.”

“I have never tried quick soak method shared in the class today so will
give it a try also.”

Cooking
Method

“The slow cooker seems like a good option to try.”
“I will try other cooking methods.”

Freezing

“Can cook enough to freeze and have on hand quickly.”
“I also like the idea of saving time by cooking lots and freezing it.”

In the 1-month follow-up survey for the validation class, several individuals commented

about having implemented some of the preparation and intake habits mentioned in Table 2.12.

For example, one participant tried cooking beans on the stovetop, as opposed to the slow cooker,

and reported, “I had always cooked pintos in the slow cooker and thought they were a little

mushy. I cooked them on the stove top and liked them much better!” Another individual stated

that they, “Froze cooked beans (made from dried beans) to reheat and eat again.”

72



4. Discussion
4.1. Food Habits Survey
4.1.1. Pulse Intake Frequency and Preparation Habits

The majority of participants were from the United States, and 46.6% of respondents
chose the option that indicated they consume pulses 1-3 days per week. Although this does not
provide an exact number of days per week that pulses were consumed, it falls within the range of
frequency of consumption found in other studies. For example, the Global Diet Quality Project
shows that 39% of individuals in the United States indicated having eaten pulses the day before
they were surveyed [185]. Also, a study by Mitchell and colleagues found that in 2013-2014,
approximately 24% of adults ate pulses at least once over the intake period of 2 days [159]. This
number is higher than a previous study by Mitchell, which reported that only 7.9% of Americans
ate pulses on any given day [8].

Findings about the average frequency of pulse intake by dietary pattern (see Table 2.2)
also align with prior research. Those following vegetarian and vegan diets tend to consume
pulses more frequently [130,131,164]. Work by Henn and colleagues revealed a similar trend,
with vegetarians and vegans consuming pulses more often, in addition to eating a wider variety
of pulses [130]. Henn and team also provided a dietary pattern response option of flexitarian,
defining it as “vegetarian with occasionally meat or fish.” In the research herein, flexitarian was
not provided as a response option, but instead there was the option of “pescatarian.” In the
future, it could be helpful to still include pescatarian, but to separate omnivores into flexitarians
with lower meat consumption and those with higher meat consumption.

In a recent survey of university students (n = 1433) in the United States aged 18-33, 66%

of respondents indicated they soaked pulses before cooking, and 66% prepared them on the
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stovetop, 17% in a pressure cooker, and 9% in a slow cooker [164]. Of the 882 individuals in this
study who were asked about how they cooked dry pulses, 594 indicated that they regularly used
the stovetop, or 67% of respondents. Although this number matches that seen by the study
among college students, the percentage that indicated using a slow cooker differed, with 350 of
the 882 individuals (~40%) indicating regular use of a slow cooker. These differences could be
due to how the question was asked, with the current study allowing individuals to select more
than one option for how they regularly cook pulses. In addition, the average age of respondents
was higher in this study, so they may have better access to kitchen tools, like a slow cooker.
Conversely, college students may not own these tools and therefore may rely more heavily on
simple cooking practices that only require a pot and the stove.

With regards to preparation of dry pulses, the survey supported that there is confusion
over the use of salt. Indeed, the impacts of salt on cooking time are one area of misinformation
and myths about dry pulse cooking, as addressed in our recent paper [171]. While some people
indicated not using salt due to thinking it prevents pulses from softening (» = 137), almost the
exact same number (n = 139) reported they use salt because it does help with softening dry
pulses. Development of resources such as the CSU Extension handouts associated with this
research can help mitigate this problem.

4.1.2. Pulse Preference and Form in Which Pulses Are Eaten

When asked about their favorite types of pulses, dry beans ranked as having the highest
participant liking, followed by chickpeas. Other studies in North America have found that black
beans, lentils, pinto beans, and chickpeas are the most common pulses eaten [150,164,186]. In

the current study, cowpeas (also called black-eyed peas) were the least familiar pulse, with nearly
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10% of people indicating they had not tried cowpeas before. This highlights the potential to
increase consumer exposure to and awareness of how to use this type of pulse.

Previous literature has concluded that unfamiliarity with pulses and how to use them
poses a major barrier to higher intake [128,131,133]. Examining the ways in which respondents
ate pulses during the last year (see Table 2.4) helps better understand current consumption habits
and provide insights about what to highlight to consumers. For instance, the two least commonly
selected response options were “breads, crackers, or pastas made with pulse flour” (n = 407,
~43%) and “dessert” (n = 192, ~20%). It appears that consumers are not utilizing these ways to
include beans in their diets more regularly, potentially due to simply not being aware of these
options. Highlighting these options through the toolkit and class could help mitigate
unfamiliarity and expand consumer awareness of pulse versatility. This is reflected by the
consumer interest expressed in trying these types of pulse dishes after completion of the
Extension class.

Dishes like soups, chili, and refried beans were selected by more participants (n = 705,
697, and 655, respectively). This aligns with findings from Doma and colleagues, that found that
when asked about their favorite recipes, chili and soup were the most commonly reported
responses [133]. The manner in which the question was asked in the Food Habits Survey does
not allow assessment of frequency of consumption of these dishes. However, when Winham and
colleagues asked participants to indicate “eat often,” “have eaten,” and “never eaten” with
regards to types of pulse dishes, “chili made with beans” had the highest percentage of “eat
often” responses at 35.3% [164].

To address the barrier of unfamiliarity, recipes associated with the bean calendar were

created, highlighting the potential to use pulse-based pastas, desserts, and salads. Versatility was
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covered in the class through emphasizing examples of dishes, the various forms of pulses (e.g.,
whole, mashed, flour), and ways to stock the pantry and home (e.g., dry, canned, frozen, and
pulse-based pastas and other products).

4.1.3. Motivators and Barriers to Pulse Intake

A key purpose of the survey was to determine key motivators and barriers for the
potential target audience of the Extension Bean Toolkit resources and class. Of the nutritional
attributes of pulses (see Table 2.5), protein ranked as the most important, followed closely by
fiber. A study on factors that influence pulse consumption in Canada also found that both protein
and fiber are of key importance, although protein tends to rank above fiber [131]. In a recent
study in Poland (n = 1027), 72% of participants perceived pulses to be a good source of protein.
However, it is notable that this was a more common perception for women than men, with 81%
of women agreeing versus only 62% of men [132].

With regards to other (i.e., non-nutritional) motivators, taste was the most important,
followed by health benefits (see Table 2.6). These two response options had the lowest SDs,
indicating that there was less of a spread in respondent choices and more agreement about the
importance of these aspects. Other studies have also found taste and sensory aspects to be major
motivators, along with health benefits [130,131,133,146]. For example, a study on five European
countries found that overall health was the major driver of consumption, followed by sensory
preferences [130]. Doma and team examined bean consumers (defined as those who consume
beans on a daily or weekly basis) and non-consumers (defined as those who consume beans on a
monthly basis or never) [133]. They found that the top two motivators were nutritional value and
taste and/or texture [133]. Interestingly, the order of importance was reversed for these two

groups, although the differences were slight. The authors showed that 93.8% and 92.2% of bean
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consumers reported that nutritional value and taste were important, respectively. Yet, non-
consumers ranked taste as more important (83.6%) than nutritional value (81.2%).

The average ranking of “gluten-free” was 2.46 on a 5-point Likert scale and had the
highest SD. This suggests that this attribute was largely unimportant to participants and that the
perceived importance varied more widely than other motivators listed. For those not following a
gluten-free diet, it is understandable that this attribute may not be important, as gluten-free is
more of a niche market [131]. However, there also appears to be a lack of awareness that pulses
are naturally gluten-free. For example, even among registered dietitians surveyed in a recent
study, about 13% of respondents were unaware that those with celiac disease could eat beans
[187].

With regards to barriers to cooking dry pulses, the major barrier was long cooking time (n
=449, ~48%). Long cooking time is an established barrier to pulse intake [128,129,171]. The
next most common barrier to cooking with dry pulses was simply being unsure of how to cook
dry pulses. Overall, this suggests that consumer resources with practical cooking information and
tips on how to reduce cooking time could be helpful, and therefore they formed part of the
resulting Extension Bean Toolkit.

4.2. CSU Extension Bean Toolkit and Class

The goal of the Extension Bean Toolkit was to implement a translational research
approach and leverage the Extension network to reach a wider audience with information to
encourage increased pulse consumption. The IMB model, findings from the Food Habits Survey,
and a review of the literature provided key insights for toolkit development. The design of a
toolkit and class differentiate this research from prior studies. Previous research focuses on

investigation of motivators and barriers of pulse intake, but not on addressing consumer interests
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and barrier mitigation. The resources developed as part of the Extension Bean Toolkit have the
potential for long-term impact through continued distribution through the Extension network for
years to come. Moreover, this translational research can serve as a model for future outreach
research through Extension or other organizations promoting healthy behavior change and public
health.

A study on Canadian consumers found that, on an aided basis, “not knowing how to cook
or prepare pulses” was one of the biggest limitations to consumption [131]. The same study
examined consumer attitudes towards pulses and identified five distinct consumer groups. At one
end of the spectrum, there were “Informed Champions” who already embrace pulses.
“Disinterested Unreachables” were on the other end, making up a group that is unlikely to
regularly incorporate pulses in their diets. The other three groups in the middle were determined
to be the best segments to target when trying to increase pulse intake:

1. “Unexposed Reachables” have low consumption, largely due to lack of exposure to
pulses. Health benefits resonate strongly with this group and it can be beneficial to
teach them a variety of tasty, basic recipes.

2. “Forgetful Proponents” enjoyed pulses but needed a reminder to include them in their
diets more frequently. Providing them with a wide variety of delicious ways and
recipes in which pulses can be used was suggested. Additionally, it could be
beneficial to remind them of the nutrition and health benefits of pulses.

3. “Health Driven Persuadables” find the taste, health, and environmental benefits of
pulses appealing. The main barriers to higher consumption are that they do not know
how to cook or prepare pulses and do not think about including them in meal

planning. The authors recommended quick recipes to align well with the busy
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lifestyles of this group. Teaching them how to cook pulses while communicating the
health benefits of pulses — along with some of the environmental benefits — is the best
way to reach this group.

The Extension Bean Toolkit includes a variety of resources that would appeal to these
audiences, and to the fact that while unfamiliarity can be a barrier, culinary versatility is a
motivator [128,130,133]. For instance, the Bean Appetit calendar contains creative pulse recipes,
many of which are designed to be quick and easy. The calendar pages and associated social
media posts included food photography, as recommended by the report from Canada, which
emphasizes that “Colourful, delicious looking dishes are a must. Visually appealing pictures are
key in any communications or messaging targeting the public — they will make people stop and
take notice” [131] (p. 3). The report also states that a website address where consumers can find
recipes is a critical component of communications. All of the bean calendar pages and the
majority of the social media posts were associated with Food Smart Colorado website pages. The
Extension handouts and class also detail the cooking and preparation of pulses, which would be
especially important for audiences like the Health Driven Persuadables.

Social media can be a low-cost, effective way to broaden nutrition outreach [188]. For the
posts in the toolkit, the health benefits of beans were a major focus. This aligns with the
recommendation to focus on this and the fact that Food Habits Survey respondents indicated
health as one of the main motivators to eat pulses. The environmental benefits were also
mentioned, although they were not emphasized in as much detail as the health benefits. Out of
the seven non-nutritional motivators assessed in the Food Habits Survey (see Table 2.6),
sustainability/environmental benefits ranked fourth, or in the middle. The report from Canada

also recommended that the environment be a secondary focus because preserving the
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environment is not likely to drive consumers to increase pulse intake, though it is important to
many and is good to address [131]. Similarly, women in the previously mentioned survey of
people in Polish cities recognized that pulses were environmentally friendly, but this knowledge
would not impact their consumption [132].
4.3. Extension Class
4.3.1. Changes to Consumption and Bean Preparation Habits

A similar trend in changes to pulse consumption was seen with the Extension class as was
with our recent Bean Cuisine citizen science project [161]. This is notable because whereas the
Bean Cuisine citizen science work involved interacting with participants over an extended period
of time, the Extension class only included a 1-hour online class and the accompanying surveys.
Overall, the biggest change seen in both this work and the citizen science project was a large
transition in the total number of individuals who ate pulses less frequently before participation to
eating pulses 1-3 days per week. Yet, results were only significant for the Extension class and not
the Bean Cuisine. This could partially be due to the fact that a greater number of class
participants originally only ate pulses less than 1 day per month and saw an increase in
consumption frequency to at least 1-3 days per week, whereas the baseline consumption
frequency of citizen scientists was higher. When asked if they were “more likely to regularly eat
more beans and other pulses,” 73.3% of the Extension validation class participants indicated yes.
This matches very well with the 71.4% of citizen scientists who marked yes on the same
question [161].

The Bean Cuisine participants demonstrated an increase in the usage of dry pulses as
opposed to canned [161]. This was also seen in the current research, where 40.4% of respondents

indicated that as a result of the class, they “started cooking with dry pulses more often (as
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opposed to canned).” This suggests that the barriers of long cooking time and not being aware
how to cook dry pulses [128,129] were mitigated through participation. When cooking dry
pulses in the home, environmental impact also varies with cooking method and the amount
cooked. For instance, cooking larger volumes at a time as opposed to a few smaller batches is
one way to reduce carbon footprint [189].

Although several studies have found positive perceptions of canned beans [140,146], a
recent study by Heer and Winham revealed that some Latinas have negative views of canned
beans [150]. Due to the benefits of pulses for both human and environmental well-being,
addressing negative perceptions is important because canned pulses represent a practical,
convenient way to increase pulse consumption [190]. Dry pulses generally have a slightly lower
environmental footprint than canned pulses — ranging from approximately a one- to fourfold
difference — although this depends on factors like pulse type [190]. Yet, both canned pulses and
dry pulses cooked in the home have a much lower environmental footprint than animal proteins
[190]. Thus, it is important to highlight that choosing pulses as a dietary staple — whether canned
or dry pulses cooked in the home — is an effective way for consumers to reduce their carbon
footprint [105,190]. To help reduce or eliminate negative perceptions of canned pulses, tips for
cooking with canned beans can be provided, e.g., drain and rinse canned pulses to reduce sodium
[191]. Overall, canned pulses can be more convenient than dry pulses [190], and the goal of
making it easier for consumers to increase pulse consumption is more important for
environmental benefits than the form (e.g., canned, dry, frozen) in which the pulses are procured.

These are topics to address in more detail in future resources or classes.
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4.3.2. Changes to Knowledge and the Importance of Motivators and Barriers

Evidence-based information was shared with the public via the Extension Bean Toolkit,
and the impacts of participation in this translational research were evaluated for class
participants. Levels of knowledge for all assessed pulse-related topics increased after the class.
The standard deviation also decreased, meaning the data clustered more tightly and knowledge
levels of participants were more similar after the class than before. Knowledge of how to prepare
dry pulses saw the smallest increase. This could be due to a higher baseline knowledge than the
other categories, as the overall final knowledge score was similar to that for the other two topics.

There were several key differences in changes to knowledge after participation in the
final Extension class as opposed to the recent Bean Cuisine citizen science project [161]. First,
initial knowledge levels of the three areas assessed were lower for the Extension class
participants (scores of 2.96 for nutrition and health benefits, 2.84 for versatility, and 3.11 for how
to prepare dry pulses, on a scale of 1 to 5) than for citizen scientists (scores of 3.86, 3.39, and
3.55 for the same topics). This could be due to the nature of citizen science efforts, which tend to
attract a group that is already highly interested in the topic and therefore likely has higher
baseline knowledge [153,192]. Another potential explanation is that there may be some response-
shift bias with the citizen scientists, who saw the survey questions at different time points. In
contrast, the final Extension class participants only saw the questions once, when they completed
a retrospective pre-/post-assessment. This is reflected in other research, such as leadership
trainee self-reported ratings being significantly higher on traditional pre-tests than on
retrospective pre-tests [177]. Providing questions in this retrospective format can also help

establish a common metric and offer a more accurate measure of subjective growth [176].
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Whether individuals participated in the class or as citizen scientists, the final knowledge
scores were similar. Knowledge of pulse versatility was 4.39 for the Extension class and 4.38 for
the citizen scientists, and how to prepare dry pulses was 4.40 for the class and 4.36 for citizen
scientists [161]. This does not assess long-term changes to knowledge, as participation in the
citizen science project could have imparted skills and improved self-efficacy regarding pulse
dish preparation that may not occur during an online class. Furthermore, gains in knowledge
about nutrition and health benefits saw the largest increase for the Extension class but the lowest
increase for citizen scientists (an increase of 1.64 points on the 1 to 5 scale versus only 0.43
points) [161]. This might be due to the fact that while the class emphasized the health benefits of
pulses, the health benefits were not a main focus of the citizen science work, which primarily
highlighted pulse versatility.

For nutritional motivators, prior to participation in the final Extension class, protein was
the most important (4.06), followed by fiber (3.99) (see Table 2.8). Protein and fiber were also
the two most important nutritional motivators in the Food Habits Survey (see Table 2.5). There is
a hyper-focus on protein in countries like the United States, despite the fact that most people
consume more protein than is required [ 18] and under-consume dietary components like fiber
[10]. In fact, of the four dietary components of public health concern in the United States [11],
pulses are rich in two: dietary fiber and potassium. Therefore, pulses can play an important role
in reversing the dietary fiber gap (i.e., the dramatic difference between the recommendation and
amount of fiber actually consumed) and increasing consumption of these dietary components
[10,24]. Improving public awareness of how pulses provide a practical and healthful solution to

this problem is critical, in conjunction with practical tips of how to apply this knowledge.
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After the class, fiber scored most highly (4.76), followed closely by micronutrients (4.71)
and protein (4.70). Micronutrients saw the greatest increase in importance, gaining 1.15 points
on a 5-point Likert scale. This could be due to several factors, such as lower baseline importance
ranking (3.56) compared to protein and fiber, and less awareness of the micronutrients in pulses
compared to other nutrients. For instance, although a majority of older adults correctly identified
that beans are high in fiber and low in fat and cholesterol, a much smaller percentage
successfully identified that beans are high in iron, potassium, and folate [147]. Even among a
group of registered dietitians (RDs), the awareness of micronutrients in beans is more limited
than one may expect [187]. For instance, approximately 77% of RDs recognized that beans can
increase dietary folate, but 16.5% did not know this, and 6.2% disagreed with this correct
statement [187]. Individuals with higher pulse intake have been found to have higher intake of
micronutrients like magnesium, potassium, folate, and iron [159], so raising awareness about the
micronutrient content of beans is key.

Regarding other motivators, taste (4.01) ranked as the most important prior to the class.
This is in agreement with the Food Habits Survey findings and the literature, such as the report
from Canada that determined liking the taste of pulses to be the most frequent reason provided
for eating them [131]. Taste was followed by affordability (3.76) and health benefits (3.70) (see
Table 2.9). This differed from the Food Habits Survey, where health benefits — not affordability —
ranked as second in order of importance. However, after the class, health benefits (4.85) and
sustainability (4.63) were rated the most highly. Differences between the order of importance of
motivators could also be attributed to question design. Whereas the Food Habits Survey only
asked individuals to assess the importance once and there was no intervention, the class asked

people to assess pre- and post-class importance in a retrospective manner.
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“Local” was the least important other motivator (i.e., non-nutritional motivator) both
before and after the class, but it saw the greatest increase in importance. A magnified perceived
importance of pulses being local also was observed in the Bean Cuisine project, with 69.6% of
participants indicating they were more likely to choose Colorado-grown pulses (the project was
based in Colorado and most participants were from Colorado, thus this reflects local). One
barrier to local food purchasing is lack of time and/or an inability to prepare local foods [193].
The class helped equip participants with practical ways to overcome this barrier via class content
and the handouts with cooking tips that were provided.

Participants rated long cooking times and being unsure of how to prepare pulses as the
greatest barriers before taking the class. Interestingly, flatulence — which has been attributed to
preventing some people from eating beans [134] — only had an average ranking of 2.67 (2 = very
minimally discourages and 3 = minimally discourages). This means flatulence did not represent a
major barrier. Being unsure how to prepare pulses saw the greatest change pre- and post-class,
with an average ranking of 1.81 after the class (1 = does not discourage and 2 = very minimally
discourages). This aligns with the increase in knowledge of pulse versatility seen due to the class.
4.3.3. Themes in the Free Response Data

When asked about what information they found most interesting and motivating in the
class, health benefits and nutrition were major themes. Under health benefits, gut health was
frequently mentioned, reflecting the current heightened consumer interest in gut health [194].
Regarding nutrition, protein and fiber were mentioned more frequently than micronutrients like
potassium. This is likely due to high consumer interest in protein [18], but it also demonstrates
the importance of further emphasis about micronutrients in future resources and class content.

Culinary versatility was another prevalent theme in the data, which is in agreement with
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knowledge increases and a reduction in the barrier of lack of awareness of how to use pulses.
Several class participants expressed an interest in trying Mayocoba beans, which they heard
about for the first time in the class. The Bean Cuisine also resulted in a greater awareness of
pulse variety and a liking for Mayocoba beans, with participants making statements like, “My
first time having Mayocoba beans; wow, love them!” [161] (p. 11). Another theme revealed was
the importance of presenter enthusiasm, which helped provide motivation to eat more beans. In
education, enthusiasm is regarded as one of the most essential qualities of an effective teacher
[195].

Overall, capitalizing on themes revealed in the free response data about what most
intrigues and motivates consumers is one way to better capture public interest in pulses.
Comments from class participants show that the tips about how to reduce gas also helped
motivate them to eat more pulses (e.g., “learning...ways to lessen gassy side effects” was a
response to what motivated someone). This demonstrates the importance of not only
emphasizing motivators but also addressing potential barriers when trying to motivate increased
pulse intake. In addition, it is important to reach a variety of people, even if they could be
considered bean consumers, as shown by the quote, “Beans have always been a part of my diet,
but I stopped eating them this past year; however, after the presentation, I have decided to
include pulses in my diet once again.”

Class participants also responded to what type of pulse dishes they looked forward to
trying (see Table 2.11). A wide range of pulse dishes emerged, suggesting that participants better
recognized the many versatile uses of pulses after the class. Crucially, individuals also mentioned
their social circles in their responses, revealing the potential of a positive ripple effect, wherein

class participants shared information and recipes with their friends and family and prepared pulse
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dishes for others. For example, participants expressed that they talked to their families about
eating beans more frequently, shared what they learned with many friends, and that they would
include pulses in their cooking (e.g., add beans to smoothies when making them with their kids).
People even indicated trying recipes immediately after the class (e.g., “I made black bean
brownies for the first time right after the talk™).

Responses revealed potential areas to expand upon in future resources. For example, most
people who mentioned baking talked about sweet dishes, indicating that savory baking
applications could also be highlighted to expand horizons. Although people were intrigued by the
idea of beans for breakfast, they seemed to need more quick, tasty ideas on how to accomplish
this. One individual commented “I’m still getting used to the texture. It’s a bit heavy.” Thus,
suggesting an array of recipes that include pulses but are light in texture could be more
appealing. Other comments received agreed with previous research. For example, one individual
wrote that they previously had beans “mainly for dinners and in soups” and another that “before
the class I only ate them as a side dish or in chili or bean soup.” This directly aligns with findings
by Doma and colleagues, which show that beans are most often consumed during the dinner
meal and in dishes like soups or chilis [133].

Participants also provided helpful ideas of ways to incorporate beans, expressing that
they were “too lazy” to make recipes so instead “just try to add a bit to every lunch and dinner,”
for example by sprinkling them on salads. This demonstrates the potential of people to provide
bottom-up, practical solutions to increase pulse intake that would resonate with other individuals.
One way to capture and disseminate such solutions would be to use the National Weight Control
Registry [196] as a model to create a National Bean Registry. We proposed this concept in a

recent paper [24]: “The registry would prioritize a bottom-up approach, working with individuals
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already consuming high levels of pulses to determine what motivates their eating patterns and
disseminating information collected from them, such as meal tips” [24] (p. 9).
4.4. Limitations and Future Directions

This study has several limitations. As previously explained, the participant groups had a
relative lack of sociodemographic diversity, which could limit the generalizability of findings.
An additional concern is the recruitment of class participants who are already familiar with and
interested in beans. Although this is a consideration, it appears that people with low knowledge
of pulses also enrolled (e.g., “Before this class, I truly knew nothing about beans! Learning the
difference between beans and pulses, and how to cook with them was great. Everything from
learning what to buy, how to store, how to soak, etc. was very helpful.”). Furthermore, it is still
important to remind those who are aware of beans to include them in their diet. This is suggested
by participant comments that the class encouraged them to begin to include beans in their diet
again and the segmentation analysis from the Canadian report that detailed approaches to reach
Forgetful Proponents [131].

Another challenge was not using a survey instrument that allowed for more detailed data
collection on the amount and types of pulses consumed. The current survey collected information
about a range of consumption frequency, not the exact number of days per week/month, how
many times per day, the volume consumed, or the timing of consumption (i.e., for what meals of
the day). Lack of an assessment tool to evaluate more nuanced information about pulse
consumption poses a challenge to understanding consumer behavior, and thus the ability to
extract helpful and consumer-accessible tips to eat pulses more regularly [24]. Strides are being
made, for instance in the more detailed assessment tool used in a recent study by Henn and

colleagues [130]. Gathering information about preparation and consumption habits, motivators,
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and barriers is important. However, it is also critical to reach the public with the evidence-based
information available to help mitigate barriers and emphasize motivators of interest. The current
study suggests this can be accomplished through translational research approaches informed by
the IMB model, and utilization of the Extension network. Integration of assessment tools that
allow for more detailed evaluation of the impacts of adopting a translational approach can
provide improved understanding of how to move the needle on pulse intake. They can also
provide insights that are informative to implementing successful future public health efforts to
encourage healthy behavior change.

Participants directly expressed points of future interest, such as receiving more recipes
and learning “how to ‘hide’ the beans in our cooking especially when our spouses are tired of
eating beans.” In the future, these points could be addressed. An online class has benefits, like
lower cost and the potential to reach a more widely geographically distributed audience.
Nevertheless, an in-person class that includes an interactive cooking component could provide
hands-on experience and build familiarity and confidence in preparing pulse dishes. This
sentiment was expressed by one individual, “It takes energy and time to learn new recipes, and I
am afraid that I am not cooking beans in the correct way, and I will waste time and money by
implementing the new changes to my diet. In a perfect world, I would love to attend an in-person
class about pulses that has a hands-on cooking and tasting component to eliminate my doubts
and further increase my confidence in cooking dry beans.” After completion of the online class,
two in-person classes were conducted, although without a post-survey, so development is
underway.

Additional future directions could include examining impacts on long-term pulse

preparation and consumption habits and development of the aforementioned National Bean
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Registry. Findings from the current research could be integral in the creation of a massive open
online course (MOOC) [197,198] to educate a broad audience about pulses and encourage higher
intake. Participation in the National Bean Registry and MOOC could be integrated and impacts
on behavior change relating to pulses monitored. In the future, researchers could work across
sectors to equip policymakers with strategies that successfully encourage increased pulse
consumption. Impactful elements and information from the toolkit could be integrated into a
public health campaign that promotes pulses. Increasing pulse intake has been shown to associate
with dramatic benefits for sustainability and economic savings on healthcare. Switching animal
proteins for pulses also has numerous benefits for sustainability [99-101]. For example, the
single substitution of beans for beef in the United States has been shown to help achieve nearly
50 to 75% of the reductions necessary to meet the country’s 2020 target for greenhouse gas
emissions [105]. Also, regular inclusion of pulses in the diet can result in significant health care
cost savings due to reductions in chronic disease rates and the associated costs of treatment
[22,23]. Such findings further demonstrate the importance of an improved understanding of how
to influence the healthy behavior change of adopting pulse-centric diets.
5. Conclusions

Beans and other pulses are positioned to simultaneously improve nutritional status, public
health, and environmental well-being. Yet, they are dramatically under-consumed, largely due to
barriers such as unfamiliarity, long cooking times, and intestinal discomfort. One way to
encourage increased pulse consumption is adopting a translational approach to ensure research is
disseminated to the public in a way that emphasizes motivators and mitigates barriers. The
current study conducted a Food Habits Survey in conjunction with a review of the literature to

assess points of consumer interest, common motivators, and how to mitigate barriers. The
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resulting Extension Bean Toolkit provided a variety of resources to reach a wide audience,
including website pages, social media posts, and an online class. Participants saw significant
gains in knowledge about the benefits of pulses and how to prepare them. Moreover,
participation in the class resulted in a reduction in the degree to which barriers discouraged
participants and an increase in the importance of all motivators. Participants also reported eating
pulses more frequently and an intention to try new pulse dishes.

Other studies on motivators and barriers to pulse intake have focused on investigating the
relative importance to participants and on categorizing respondents into different groups.
Importantly, this study adopted a translational approach to create a toolkit and class. Then,
evidence-based information was actually shared with the public and impacts of participation
were measured. Through leveraging the Extension network, a wider audience was reached with
critical information that can directly empower them to improve their own health and the health of
their communities. Further expanding influence via efforts like a MOOC or the National Bean
Registry could have even more widespread benefits. Overall, this study suggests that
translational research can play a pivotal role in influencing positive health behaviors, like higher
pulse intake. This has potential implications for policy and public health campaigns through
organizations like Extension. For instance, it provides insights to guide future translational
approaches and efforts designed to promote healthy behavior changes that can benefit human

health and sustainability.
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CHAPTER 3: BEAN CUISINE: THE POTENTIAL OF CITIZEN SCIENCE TO HELP

MOTIVATE CHANGES IN PULSE KNOWLEDGE AND CONSUMPTION?

Summary

Pulses, or the dry, edible seeds of non-oilseed legumes (e.g., chickpeas, cowpeas, dry beans, dry
peas, and lentils), are uniquely positioned to simultaneously benefit human and environmental
well-being, all while being affordable and important to diverse cultural food traditions around the
world. Despite the benefits they can provide, pulses are dramatically under-consumed. One key
barrier preventing higher intake among consumers is a lack of familiarity with how to prepare
and regularly incorporate pulses into meals. To address this barrier and actualize findings from
our laboratory, we created the Bean Cuisine, a 2-week cuisine (i.e., meal plan) with 56 pulse-
centric recipes corresponding to 14 unique breakfast, lunch, snack, and dinner ideas. Each meal
category was largely interchangeable, i.e., the order of the breakfast recipes is not important, and
one could be swapped for another if a different order were preferrable to a consumer. Fifty-six
citizen scientists were recruited to provide feedback on the Bean Cuisine. Free response feedback
related to project participation was very positive, and common themes included changes in pulse

consumption and cooking behaviors, increased awareness of pulse variety and versatility, and
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positive perceptions of citizen science. Overall, participation in the Bean Cuisine citizen science
project helped create pulse advocates, empowering participants to advance well-being of their

communities through pulses.

1. Introduction

Pulses are a nutrient-dense food that can be a staple in healthy dietary patterns supportive
of public and planetary health. Health benefits associated with pulse consumption range from
improving gut health and healthy weight management to the prevention of chronic diseases such
as type 2 diabetes, cardiovascular disease, and cancers like colorectal cancer [6]. Individuals who
regularly consume pulses have been found to have more nutrient-dense diets, including higher
intakes of fiber, folate, and potassium and lower consumption of fat [159]. Although more
research is needed to improve the quality of the evidence and build more robust support for the
exact health benefits associated with pulse — as well as the amounts and types of pulses that
support optimum health — this demonstrates the potential of pulses to improve diet quality. The
environmental contributions of pulses include benefits for soil health, lower water requirements
in comparison to other crops and sources of protein, and the potential to reduce greenhouse gas
emissions [99-101].

In addition to their human and environmental health benefits, pulses have been grown
around the world for millennia [199] and therefore are a traditional part of diverse cuisines [200].
Moreover, pulses are known for being available at an economical price point, one of the reasons
that the Food and Agriculture Organization of the United Nations emphasizes the ability of

pulses to advance food security [200].
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Yet, pulses are under-consumed, which prevents us from capitalizing on their many
benefits. In the United States, most people eat less than 1 cup of cooked pulses per week [11].
Globally, pulse intake is also shockingly low, estimated at around only 21 g per day, although, of
course, this can vary by country and population [126]. For example, per capita, bean
consumption in Eastern Africa is significantly higher, with people annually eating their body
weight (50—60 kg per year, or about 137-164 g per day) in Rwanda, Burundi, and eastern Kenya
[158]. Shifting the eating behavior curve so that the global population has a higher level of pulse
intake can result in a win-win situation for the health of people and the planet.

There are several key barriers to higher pulse consumption, including long cooking times
and concerns about digestion and flatulence [11]. Among these barriers, a primary reason for the
low consumption of pulses is consumer unfamiliarity with how to prepare pulses and regularly
include them in their daily diets by taking advantage of the culinary versatility of pulses
[128,130,133]. One way to highlight the diverse applications of pulses is by providing the public
with accessible, tasty, and creative recipes. However, the mere creation of recipes does not
guarantee that people will necessarily try them. Also, the public may not have the background
knowledge about the numerous benefits of pulses, nor tips on how to prepare them, to ensure
they have positive experiences that will encourage them to continue cooking with pulses.
Actively engaging the public through citizen science efforts is one approach to mitigating
barriers to the regular inclusion of pulses in the diet, with the important added benefit of
collective learning wherein the public can actively participate in research while scientists also
learn from the citizen scientists. Through the Bean Cuisine project, the research team went one

step further, providing not only recipes and taking steps to ensure positive experiences but
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actually creating a dietary pattern and menu defined by the recipes, focusing on pulses as a staple
food.

Vohland and colleagues state that “citizen science broadly refers to the active engagement
of the general public in scientific research tasks” [153] (p. 1). Citizen science is becoming
increasingly popular, with millions of people contributing to data collection for a wide variety of
projects annually [201]. Multiple benefits to science and the participants themselves are
recognized, such as increasing scientific knowledge, providing educational opportunities for
citizen scientists and the chance to engage in the research process, helping to democratize data
collection, and offering the potential to involve a larger audience than traditional research
methods and capitalize upon the diversity of ideas generated by larger numbers of people [201-
203]. Citizen science has been used in an array of disciplines, but it is still relatively lacking in
nutrition and food research, which can have a great impact on public health [202,204,205].
Citizen science was a practical approach for this research project because it resulted in feedback
on the home cooking experience, reflective of how people will actually prepare and perceive the
recipes that are part of the Bean Cuisine. Although it included a variety of pulses (i.e., the dry,
edible seeds of non-oilseed legumes, including chickpeas, cowpeas, dry peas, and lentils) in
addition to beans, it was called “Bean Cuisine” instead of “Pulse Cuisine” due to higher
familiarity with the word bean and the bean-centric nature of the cuisine. However, it is also
attractive to a broader population due to its inclusion of multiple pulse types. Due to the name of
the cuisine being Bean Cuisine, the words “pulse” and “bean” may appear to be used largely
interchangeably in this paper.

The Bean Cuisine was created to address the barrier of unfamiliarity with pulses, instead

inspiring citizen scientists with the culinary versatility of beans and other pulses, encouraging
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regular inclusion in their daily diets. This represents a type of stealth health approach wherein
participation in the project provides the opportunity to begin to routinize regular pulse
consumption. Additionally, the Bean Cuisine presented an opportunity to share with the public
recent preclinical findings, which suggest that major benefits for gut health and body weight
management are achieved when at least 35% of dietary protein comes from pulses [95,96]. The
Bean Cuisine thus also helps visualize what a diet that attains this level of pulse consumption
may look like and the feasibility of eating this level of pulses. By using the feedback provided by
citizen scientists, the Bean Cuisine was improved so that it will be more accessible and palatable
to a wider audience. In addition, the research team had several key takeaways to improve future
citizen science work.
2. Materials and Methods
2.1. Creation of the Bean Cuisine

The Bean Cuisine was created to provide 35% of total dietary protein from pulses. To
spread consumption throughout the day and address the consumer barrier of unfamiliarity with
how to use pulses, 14 days of recipes that included pulses for breakfast, lunch, snack, and dinner
were created, 56 recipes in total. Recipes were collected from colleagues, including Dr. Terry
Hartman, who provided bean recipes she had previously used in a clinical trial [206].
Additionally, pulse-centric food blogs and cookbooks were searched to gather recipes. Recipes
were then modified to ensure that 35% of dietary protein each day came from pulses and that the
cuisine also met other recommended intake levels of macro- and micronutrients. Specifically, the
Bean Cuisine had recipes that included black-eyed peas, chickpeas (in flour and whole form),

split peas, lentils (in whole and pasta form), and many types of dry beans, including black,
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Mayocoba, pinto, red kidney, and assorted white beans (e.g., great northern, cannellini, navy),
and it did not include use of green, immature pulse grains.

The recipes emphasized the versatility of pulses, including applications such as:

e Sweet and savory baking with pulses (mashed cooked pulses and chickpea flour);

o Pulse pasta (e.g., lentil pasta) to demonstrate simple substitutions for ingredients

normally used (e.g., wheat pasta);

e Combining beans with other grains, such as brown rice, quinoa, or oatmeal;

e Combining beans and meat;

o Simple, quick recipes like savory and sweet bean dips;

e Arange of easy-to-prepare pulse salads.

The recipes were assembled into a 2-week menu plan in Nutritionist Pro (version 8.1.0,
2022, Nutritionist Pro, Axxya Systems). Citizen scientists were only provided with pulse-based
recipes, but to confirm that 35% of participants’ overall daily protein was coming from pulses,
sides (e.g., fruit, yogurt, and beverages) were added to the Bean Cuisine in Nutritionist Pro as
well. The average daily intake of pulses was about 2.5 cups of cooked pulses, which totaled
about 38 g of protein from pulses.

An analysis to estimate energy, macro-, and micronutrient intakes was conducted on
pulse recipes, daily intake, and the overall Bean Cuisine (see Supplementary Materials S3.1 for
nutrient analysis and Supplementary Materials S3.2 for the meals report). Overall, the Bean
Cuisine proved to be a healthy diet that met dietary guidelines (Nutritionist Pro is occasionally
missing micronutrient levels for ingredients, which is why the percentages of a select few
micronutrients — like biotin at 71% — may appear slightly low). The Bean Cuisine with added

sides resulted in average daily intakes of approximately: 1999 kilocalories, 292 g of
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carbohydrate, 59 g of fat, and 96 g of protein. This is roughly 39.8% of total protein intake from
pulses, based on numbers provided by Nutritionist Pro. Importantly, 2 key dietary components of
public health concern in the United States, dietary fiber and potassium [11], were consumed in
adequate amounts. Total dietary fiber intake was around 61 g, with 5143 mg of potassium. Also,
cholesterol, saturated fat, and added sugars were present in low amounts in the Bean Cuisine.

2.2. Citizen Scientist Recruitment and Assignment

Colorado State University Extension and colleagues helped recruit a convenience sample
of citizen scientists through emails, newsletters, and social media posts. Fifty-eight citizen
scientists filled out the intake form created in Qualtrics. Each individual was then contacted via
email to confirm participation. As email would be the main form of communication, we wanted
to ensure they would respond. Fifty-six of the 58 participants responded, resulting in a total of 56
citizen scientists recruited to the Bean Cuisine project. There were 14 days in the project, and
each individual was assigned 1 day (i.e., a breakfast, lunch, snack, and dinner recipe), resulting
in 4 citizen scientists being assigned to each day of the Bean Cuisine.

The intake form asked about the participants’ understanding of the commitments relating
to participating in the Bean Cuisine project, motivation for participating, preparation and
consumption habits for pulses, knowledge about pulse-related topics, and demographics. See
Supplementary Materials S3.3 for the intake form. In addition, the intake form included
questions about participants’ food allergies, intolerances, and preferences. Assignment to days
was made based on citizen scientists’ dietary patterns and preferences. After those with dietary
restrictions had been assigned, the remaining participants were randomly assigned to the open

spots.
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Participation as a citizen scientist included 6 main components (see Figure 3.1): the
intake form (also called the sign-up form), training, and then the completion of 4 feedback forms
corresponding to the 4 recipes each individual was assigned. This project was approved by the

Colorado State University Institutional Review Board, protocol #3589.

Feedback: Recipe #1
Feedback: Recipe #2
Feedback: Recipe #3

Feedback: Recipe #4

Figure 3.1. Citizen scientist checklist. This is the graphic that was shown to citizen scientists in
the online training session detailing participation in the Bean Cuisine project.
2.3. Citizen Scientist Kit and Training

The training served as a chance for citizen scientists and the research team to interact
with one another. It also helped ensure that citizen scientists clearly understood their role in the
project by providing details and the chance to ask clarifying questions. Training is also a way to
improve data quality in citizen science [207,208]. Replication of data across volunteers is
another way to have better data quality [208], hence the recruitment of 4 volunteers for each

recipe.

Before the training, citizen scientists were all sent a citizen scientist kit (see Figure 3.2).

The kit included:
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o Two CSU Extension handouts were created as part of this project: 1 on cooking with
dry beans and the other on tips to shorten cooking time;

e Arecipe packet that included 1 explanation page with a QR code that linked to the
recipe feedback form, as well as printed copies of all 4 of the recipes they had been
assigned;

e A printed form detailing what they could expect to be asked about in the online
feedback form — all feedback needed to be submitted virtually, but the form was
provided so people could take notes on it if desired;

e A thank you;

e Apen;

e Four 1-1b bags of Colorado Proud* beans: 2 bags of pinto beans and 2 bags of
Mayocoba beans (*for this Colorado Department of Agriculture funded project, all
beans provided to citizen scientists were grown in Colorado or a neighboring state

and processed in Colorado).

Figure 3.2. Citizen scientist kit. An image of contents in the kit mailed to citizen scientists.
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The citizen scientist kits arrived around the scheduled day of the training, and participants
were told to wait to begin until completing the training. Before beginning recipe feedback,
citizen scientists participated in the training in 1 of 2 ways:

1. Live training. We provided a 1 h online training session via Zoom videoconferencing
on a weekday evening to make participation easier. The research team briefed citizen
scientists on the project background, explained the details of participation, and then
held a Q&A. Roughly 60% of citizen scientists joined the live training. Participants
were highly engaged, asking questions in the chat and unmuting to ask live questions
to clarify details about expectations for project participation. For instance,
participants asked about ingredient substitution and the ideal timeframe within which
to complete all recipe feedback. Often, answers were already available in the
instructions they received in the citizen science kit (e.g., sticking to the recipes as
close as possible given dietary restrictions and preferences and ingredient availability,
and noting any substitutions made in the feedback form). Additionally, some
questions pertained to work being conducted at Colorado State University to learn
more about current research on the health benefits of pulses that the research team is
conducting (e.g., gut health promotion and chronic disease prevention);

2. Recorded training. We created an approximately 22 min recorded training session
that performed a similar function but did not include the live Q&A for those who
were unable to join the live training. Citizen scientists were encouraged to reach out
with any questions. The live training can be found at the following link, which was
posted as a private video (to share with citizen scientists, not for general viewing by

anyone on YouTube), available at https://voutu.be/QYtLk-piuWo.
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Immediately upon completion of the live training, an email was sent to all citizen
scientists thanking them and including attachments of all the printed forms they had received
printed in their kit (2 handouts, a recipe packet, and a PDF on what details to expect in the
feedback form), for those who prefer digital copies. A link was also provided to the recorded
training for those who could not join live or wanted to watch the training again. Lastly, a direct
link to the feedback form was also provided. The first time that citizen scientists completed the
feedback form, they needed to first confirm they had completed the training.

2.4. Citizen Scientist Feedback Form

To simplify things and reduce any potential confusion, only 1 link and associated QR
code were provided to access the feedback form created in Qualtrics. Skip logic was
implemented so that one of the first questions inquired, “Of the 4 recipes about which you will
provide feedback, what recipe number is this for you?” For the first feedback form, participants
had to confirm completion of the training and were asked to provide feedback on the training.
The second and third time that participants completed the form, there were no additional
questions beyond the general recipe feedback. General feedback asked for details such as:

o Whether they used canned or dry pulses they cooked themselves;

o Details about the canned pulses (e.g., sodium level) or how they prepared the dry
pulses (e.g., soaking, how they cooked them — stovetop, pressure cooker, slow cooker,
etc.);

o The approximate time it took to prepare the recipe;

o Level of agreement with the recipe being easy to understand, inclination to make the
recipe again, and ease of procuring the ingredients;

e Recommendations about improving recipe instructions;
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o Which ingredient(s) were hard to find, if any;

o Satisfaction with taste, texture, appearance, and overall acceptability of the recipe (i.e.,

sensory feedback);

o Whether they followed the recipe or made substitutions, and if so, details of the

substitutions;

o What pulses they may recommend using in place of those already recommended in the

recipe;

o What changes they would recommend making to the recipe;

e Submit a photo of the finished dish, if so inclined.

The fourth and final time they completed the form, they were asked about their pulse
preparation and consumption habits, knowledge level, and overall experience participating in the
project. See Supplementary Materials S3.4 for the feedback form. After completing their final
feedback form, citizen scientists were sent a $20 Amazon gift card as a thank you for their
valuable feedback and participation in the project.

2.5. Statistical Analyses

All statistical analyses were conducted in IBM SPSS Statistics version 28 (SPSS Inc.,
Chicago, IL, USA). Frequencies and percentages were calculated for categorical variables like
demographics. Descriptive statistics were used on categorical variables like demographics. For
Likert scale questions about knowledge and behavior that were asked of citizen scientists when
they enrolled and again upon completing the project, Wilcoxon signed-rank test was used to
assess if significant changes occurred. For free response questions, the lead author took notes and
developed a set of summary comments, which were then grouped into themes. The themes were

corroborated by the other researchers on the project.
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2.6. Modifying the Bean Cuisine

The response rate was 100%, with all 56 citizen scientists completing feedback forms for
each of their 4 assigned recipes. The recipes were ranked by computing an average score for each
of the 7 Likert scale questions that asked about recipe preparation and sensory evaluation (1. ease
of following and understanding the recipe, 2. ease of finding the ingredients, 3. inclination to
make the recipe again, and satisfaction level with 4. taste, 5. texture, 6. appearance, and 7.
overall acceptability). Then, the average scores were totaled to assign an overall score to each
recipe. The most important questions were deemed to be agreement with the statement “I would
make this recipe again” and satisfaction with “overall acceptability,” as these reflect the chance
people will continue to use the recipes and provide an idea of overall sensory appeal. Citizen
scientists responded using 5-point Likert scales, where 1 or 2 reflected a positive score, 3 was
neutral, and 4 or 5 represented dissatisfaction. Accordingly, recipes that received a 3 or higher for
one of these questions were prioritized for modification and further recipe testing, as participants
were only neutral or potentially disliked the recipe. Data shown in sensory tables has been
reverse coded so that 5 is a high score and 1 a low score to be consistent with the scaling of the
knowledge tables.

In addition, all recipes were modified based on citizen scientist feedback to free response
questions. This included improvements to clarify recipe instructions and adjustments to
ingredient amounts. For sample feedback, see the results section on citizen scientist feedback.
Citizen scientists were also asked how long it took to prepare a recipe, and the times were
averaged to provide a time estimate for the final versions of the recipes. Any modifications to

ingredients that were made were also entered into Nutritionist Pro, and the resulting nutrition
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facts were included in the final recipe. The research team all participated in proofreading and
editing the final Bean Cuisine.
2.7. Sensory Panel

Validation with experts can improve data quality [208]. Therefore, 4 recipes that had
already been modified per citizen scientist feedback were tested using a sensory panel as a way
of validating citizen scientist feedback and confirming palatability when the dishes were
prepared by the lead author in a university teaching kitchen instead of in the home kitchen. The
sensory panel consisted of 12 faculty, staff, and students with experience providing sensory
evaluation input, most of whom are in the Department of Food Science and Human Nutrition at
Colorado State University. More details about the recipes are provided in the results section
about the sensory panel including why this representative subset was selected. The recipes
showcased versatile preparations of beans, and panelists were asked to rank 4 components: taste,
texture, appearance, and overall acceptability of each dish. A Likert scale from 1-5 was used (1 =
extremely satisfied, 2 = somewhat satisfied, 3 = neither satisfied nor dissatisfied, 4 = somewhat
dissatisfied, 5 = extremely dissatisfied). Panelists also provided written feedback and suggestions
for these components, such that feedback could be incorporated into the final Bean Cuisine. Data
shown in sensory tables have been reverse coded so that 5 is a high score and 1 a low score to be
consistent with the scaling of the knowledge tables.
3. Results
3.1. Citizen Scientist Demographics

Participants were asked to report their dietary patterns. Most citizen scientists were
omnivores (n = 39), followed by vegetarians (n = 8), pescatarians (n = 5), and vegans (n = 4).

About 96% of citizen scientists were female, and the two most reported age groups were 60—69
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(n=19) and 50-59 (n = 15). The 40—49 and 70-79 age groups each had n = 7 participants. Fifty-
three participants were Caucasian, and most citizen scientists had either a Bachelor’s (n = 24) or
Master’s (n = 22) degree. Most participants were from Colorado (n = 44), as this was a
Colorado-based project. However, volunteers from a total of 10 states participated. A table
showing more detailed descriptive statistics about participant demographics can be found in
Supplementary Materials S3.5.
3.2. Citizen Scientist Feedback and Bean Cuisine Modification

As explained above, part of the recipe feedback included responding to seven 5-point
Likert scale questions. The average score for all 56 recipes is shown in Table 3.1.

Table 3.1. Average scores of the original Bean Cuisine recipes.

Recipe Ingredients I'Would
'P STECI®NTS Make This Overall
Easy to Easy to Recipe Taste Texture Appearance Accentabilit
Understand Find p ptabuiity
Again
A
veree 4.8 4.6 38 40 4l 4.2 4.0
score
Minimum
. 4.0 3.0 1.5 2.25 1.5 2.0 2.0
score
Maximum
5.0 5.0 5.0 5.0 5.0 5.0 5.0
score
Range 1.0 2.0 3.5 2.75 3.5 3.0 3.0

A 1 represents a low (poorly rated) score, and 5 a high score. ** Considering the average scores
for these 7 components (i.e., the total score for a recipe when averaged for the 4 individuals
providing feedback), the minimum and maximum scores reflect the lowest and highest scores for
the 56 recipes.

All recipes were modified based on citizen scientist feedback. For recipes that scored
well and received positive feedback, modifications were minor, such as improving wording
clarity, proposing optional additions to boost flavor, or incorporating tips from citizen scientists.

Recipes that received lower scores (as previously detailed) were tested again by the research

team. Common modifications included:
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e Specifying that the amount of pulses listed is the cooked amount (example feedback:
“Write whether the bean amount is for cooked or uncooked beans for clarity.”);

e Providing clarity on how to cook dry lentils or split peas for recipes that included
them (example feedback: “I had to look up how to cook red lentils. It would have
been nice to have those with the recipe.”);

o Increasing seasoning level (example feedback: “Add seasonings, possibly cumin,
chili powder, taco seasoning and/or salt.”);

e Adding more details to the instructions (example feedback: “Add instructions like ‘do
not overmix’ [and] ‘bake in the middle rack of the oven.””);

o (larifying time estimates in intermediate steps (example feedback: “It would have
been better to have a range like 15-20 min or until tender.”);

e Suggesting serving options (e.g., with rice) and toppings (example feedback: “Pairing
it with a carbohydrate like rice. Recommending avocado as a topping.”).

On the recipe feedback forms, citizen scientists were asked if they followed the recipe.
Despite being assigned recipes that avoided food allergies and dietary restrictions and receiving
instructions to please follow the recipe as closely as possible, people only indicated following the
recipe 54% of the time.

3.3. Impacts of Participation

Citizen scientists were asked about their knowledge level on three different topics prior to
participation and upon completion of the project. They were also asked about preparation and
consumption behaviors. The data is shown in Table 3.2.

Changes in the frequency of pulse consumption were also seen, as shown in Figure 3.3.

The most noticeable shift is that more participants reported eating pulses 1-3 days per week than

107



before the project. However, although the overall frequency of consumption appears to be

increasing, the overall change was not found to be significant (p = 0.137), a point further

expanded upon in the discussion.

Table 3.2. Pulse knowledge before and after being a Bean Cuisine citizen scientist.

Knowledge of Pulse Nutrition and Health Benefits Pre: n (%) Post: n (%)
1 (low) 2 (3.6) 0

2 4(7.1) 0

3 10 (17.9) 5(8.9)

4 24 (42.9) 30 (53.6)

5 (high) 16 (28.6) 21 (37.5)
Average score 3.86 4.29
Difference (p-value) 0.43 (0.002)
Knowledge of Pulse Versatility Pre: n (%) Post: n (%)
1 (low) 2 (3.6) 0

2 7 (12.5) 1 (1.8)

3 24 (42.9) 4(7.1)

4 13 (23.2) 24 (42.9)

5 (high) 10 (17.9) 27 (48.2)
Average score 3.39 4.38
Difference (p-value) 0.99 (<0.001)
Knowledge of How to Prepare Dry Pulses Pre: n (%) Post: n (%)
1 (low) 2 (3.6) 1 (1.8)

2 8 (14.3) 1 (1.8)

3 15 (26.8) 4(7.1)

4 19 (33.9) 21 (37.5)

5 (high) 12 (21.4) 29 (51.8)
Average score 3.55 4.36

Difference (p-value)

0.81 (<0.001)
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Figure 3.3. Changes in frequency of pulse consumption. “Less than 1 day per month” is shortened
in the figure, but the full response option read “Several days per year, but less than 1 day per
month.” No participants selected “Never” as the response for how often they eat pulses. The actual
numbers of responses out of n = 56 are shown above each column.

Citizen scientists also indicated their frequency of usage of canned pulses versus dry
pulses they cooked at home. Results are reported in Figure 3.4, which shows an overall trend of
increasing use of dry pulses after participation. This is most apparent in changes observed with
several individuals who primarily used canned pulses before the project but later reported a
similar frequency of use of canned and dry cooked in the home, indicative of more frequent

cooking of dry pulses. The greater frequency of cooking dry pulses in the home is reflected in the

free responses as well.
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Figure 3.4. Citizen scientist usage of dry versus canned pulses, pre- and post-participation.
“Approx 50-50” indicates that the participants used canned pulses and pulses cooked in the home
with similar frequency. The numbers of responses are shown above the column.

As this project was funded by a Colorado Department of Agriculture grant, participants
were also asked upon enrollment whether they regularly purchased Colorado-grown beans. The
most common response to this question (n =25, 44.6%) was “unsure if the beans I purchase are
from Colorado or not.” Participation in the project resulted in 39 individuals (69.6%) indicating
they are now more likely to purchase Colorado-grown pulses.

3.4. Participation in Citizen Science

Recurring themes and examples of quotes pertaining to these themes are shown for

citizen scientists’ motivations for participation (Table 3.3) and their overall experience (Table

3.4).
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Table 3.3. Motivation to participate in the Bean Cuisine citizen science project.

Overarching
Theme

Sub-Theme

Citizen Scientist Quotes

Learning

Want to learn about beans

Want to learn new, tasty

recipes (for themselves and

others)

Want to learn more ways to
include beans in their diet

“I’m interested in trying new recipes
and adding legumes to my diet on a
daily basis.”

“I have two main interests in
participating: to help with the research
and to find more creative ways to use
beans for preparing meals.”

“I am really interested in increasing
my beans/legumes knowledge through
this CSU research opportunity and
hope to share it with family and
friends.”

“I eat a lot of beans and would like to
find some more recipes and some other
beans or pulses I have never tried.”

Health
Concerns

Personal or family health

concerns
Want to adopt a more
plant-based diet
Desire for affordable
healthy food

“I am interested in expanding my diet,
more so towards local foods,
vegetarian or low meat options, and
plant-forward recipes. This seemed
like a great opportunity to do a lot of
those things!”

“Improve fiber in my diet.”

“I’'m determined to get myself into
remission or better.”

“My [family member] has high blood
pressure, so any opportunity to learn
more about nutrition and cooking is
one [ welcome.”

“I am always looking for ways to make
our diet healthier.”

“I watch my grocery budget.
Beans/pulses are affordable, nutritious
and healthy, and also provide protein
in my largely vegetarian diet.”
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Table 3.3. Motivation to participate in the Bean Cuisine citizen science project (cont.).

Overarching
Theme

Sub-Theme

Citizen Scientist Quotes

Values

Volunteer spirit

Support local food systems
Like encouraging others to
eat healthfully

“I love participating as a volunteer.”
“I have participated as a citizen
scientist... for the last three years. It
has been fun and enlightening.”

“I am a huge supporter of Colorado
Proud and love using my own organic
ingredients and other locally-grown
products!”

“I am passionate about encouraging
others to cook healthy, nourishing food
at home.”

Interests

Beans
Cooking
Gardening
Science

“I love beans! I am a registered
dietitian and former recipe developer,
so this project is of interest to me.”

“I love to garden and eat! I especially
love to cook beans and am always
excited about trying new recipes.”
“I’m a bean lover who wants to get
others as excited as I am about this
wonderful food source. Plus, science is
super fun.”

“I enjoy cooking and like to try
different recipes.”

Enjoyment

Fun

Like being a part of a
project

Enjoy research and science

“This sounds fun; I’d love to be a part
of it!”

“We like research projects.”

“I enjoy participating in research
projects, especially food safety and
nutrition-related research.”
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Table 3.4. Themes of citizen scientist overall experience in the Bean Cuisine.

Theme Sub-Theme

Example Quote

e [ ecarn about

beans
Knowledge of ° Health benefits
Pulses e Ways to eat
more beans

e Bean/pulse
cooking

e “It was fun to try new recipes and learn about an
ingredient I don’t use all that much.”

e “I also learned more about the health benefits of beans,
as well as the classifications of beans and legumes and
pulses.”

¢ “I really enjoyed doing this! It was great fun to try new
recipes and learn more about how to incorporate beans
into our daily meals.”

¢ “I really enjoyed this project, and am happy that I
participated as it expanded my knowledge of how to
make and use pulses in a variety of ways.”

¢ “I really was surprised about the versatility of the
pulses. I like to experience different recipes but would
never have thought about making smoothies with them
or pairing lentils with shrimp. Making the beans and
rice salad was also a pleasant surprise.”

e “Also, that guide to how to cook dry pulses is amazing
and so useful. I’ve cooked with dry beans many times
before but less thoughtfully, and the guide did make
them taste better.”

e “Probably the best takeaway for me has been learning
how easy it is to cook dry beans in a slow cooker!
Thank you very much!”

Awareness of ® Experimentation

Pulse Variety ~ With new types
of beans

e “I really like the Mayocoba beans! I had not cooked with
them before, and for other recipes that need a bean that
keeps its shape... this is the perfect bean!”

¢ “Thank you for introducing me to Mayocoba beans. I
really like them now!”

e “The recipe was delicious! My first time having
Mayocoba beans; wow, love them!”

Awareness of
Pulse
Versatility

e Incorporation of
beans into their
current routine

e “This was so simple and straightforward to make. I roast
veggies regularly and, from here on, will add some beans
to match whatever flavor profile I’'m cooking (white beans
with roasted Brussels sprouts or cabbage, etc.). Simply
genius way to get more beans into a meal!”
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Table 3.4. Themes of citizen scientist overall experience in the Bean Cuisine (cont.).

Theme Sub-Theme

Example Quote

Awareness of
Pulse
Versatility
(cont.)

e Increased
awareness of
recipes and ways
to use pulses

¢ “I make smoothies every morning. Now that [ have made
this recipe with beans, I use any bean I have in the fridge
as leftovers and use them in my fruit/veggie smoothies.”

¢ “The Mayocoba beans were a very nice flavor in the
smoothie, preferable to the organic, no-sugar protein
powder I have been using. Thank you for the introduction
to this change!”

e “I think it was fun, and I definitely have a couple of new
recipes to play around with. My favorite new idea is
mixing the beans into baked oats.”

e “It was really fun trying new recipes! We are vegans who
love beans, but the recipes got us out of our ruts.”

Pulse ¢ Eating more

Consumption pulses
Behavior  ©® Adding to recipe

rotation

¢ “I’m more aware of ways to incorporate beans into every
meal, and I’m paying more attention and trying to eat
them more.”

¢ “I have been eating about one cup of beans every day!
And I feel like my intestines are liking this new addition!”

¢ “I’m going to start eating more pulses :-)”

e “Definitely will integrate more pulses into my daily
cooking.”

¢ “This was really good. My kids, 11 and 13, loved it. It
will go into our usual recipe rotation.”

¢ “This one was really, really nice. I’ve enjoyed all the
recipes so far, and I will probably use them again, but this
one is for sure going into the rotation. It hits the golden
ratio of ease in preparation, high veggie content and
tastiness—while also making enough for two meals for
my household!”

¢ “The recipe was delicious. Since we eat oats every
morning, we will be enjoying this recipe often.”

¢ “I loved this recipe! It is great for my gluten-free friends
and is really tasty and moist. I will definitely make it
again soon!”
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Table 3.4. Themes of citizen scientist overall experience in the Bean Cuisine (cont.).

Theme Sub-Theme Example Quote
e “I usually use canned pulses, but I am now more
experienced with dried, and they are much tastier, so |
look forward to using dried pulses more in the future.”
“It was great to learn of different ways to cook pulses, and
How to cook dry  I'll likely try using more dried ones than canned ones in
beans the future (even though it’s so easy to open a can!).”
Pulse Experimentation e “It was fun to try a new recipe that encouraged me to
Cooking with pulse stretch my skills and use dry pinto beans in a recipe.”
SKkills and ingredients “I am now experimenting with chickpea flour and
Habits Purchasing including pasta made with lentils in my recipes.”
intent “My first time cooking with Mayocoba beans, and I really
Repurposing of  like them! I will seek them out in the future.”
leftovers “I now love Mayocoba beans and will be looking for
them.”
“We warmed up the leftovers on a cast iron skillet with
butter and topped with a drizzle of maple syrup. It was
good.”
“It’s been fun to try out recipes. The beans sent are fresh
and tasty.”
Other “It has been very fun to participate in this research AND
Personal Enjoyment try new bean recipes!”

Outcomes Fulfillment “This was a fun way to participate in an interesting project
that I think could really help others. I learned some new
recipes, and we look forward to seeing the finished
project.”

“Citizen science is fun!”
“This was a great experience, and I will be looking to do
Fun more as a citizen scientist.”
Perceptions Would “Being a ‘citizen scientist’ is a wonderful way for a broad
of Citizen participate in group of people from different backgrounds to provide
Science citizen science their input, experience and suggestions and collect a large

again
Meaningful

dataset which otherwise may be difficult to obtain.”

“I really enjoyed participating in this project. I think it is a
super-creative way to raise awareness about food and
nutrition, and it’s very meaningful to the participants.”
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Table 3.4. Themes of citizen scientist overall experience in the Bean Cuisine (cont.).

Theme

Sub-Theme

Example Quote

Engagement
and
Advocacy

e Engaging others
in feedback

e Sharing
knowledge and
recipes with
others

e Pulse advocacy

¢ “I made the snickerdoodle hummus and the chicken and
bean cassoulet for friends. We all enjoyed tasting them
and giving feedback. I wish I had made the chickpea
Dutch baby for guests. It looked like something out of a
gourmet magazine.”

e “This recipe additionally got the approval of two football
fans watching Monday night football, and they now know
what Mayocoba beans are!”

¢ “My mother-in-law was visiting us, and she really
enjoyed this salad, saying it tasted really good and
healthy!

e “I shared the finished product with my neighbor, and she
liked the different recipes also.”

e “All positive comments from the taste testers here.”

e “I don’t eat a lot of sweets, so I brought it to a... happy
hour. It was a hit. The beans are a secret ingredient. No
one knew beans were included until I told them. Also, no
one was familiar with Mayocoba beans, and these were a
bunch of gardeners!”

e “I served a salad at a family get-together. Everyone loved
it, even my 4 and 5 year-old grandchildren.”

e “I served this recipe to a friend who is vegan and also
limits her intake of oils. I served it with fresh veggies (red
peppers and cucumbers), and it was a big hit with my
friend as well as non-vegan guests.”

¢ “These were delicious, and my kids happily ate them!”

e “This was so much fun. [ was glad to share them with my
husband, and he liked all of them. He will be making the
oatmeal and Waldorf salad in the future for sure!”

¢ “The instructions should start with soaking and cooking
instructions so it’s easily shared!”

e “This also encouraged me to add more legume talk to my
nutrition education at work.”
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The evaluation of overall experience (Table 3.4) is derived from quotes provided during
individual recipe feedback in addition to the final feedback form when citizen scientists were
explicitly asked about their experience in the project. Common participation outcomes in citizen
science projects are grouped into categories such as interest, motivation, knowledge, behavior,
attitudes, skills, self-efficacy, and other personal outcomes [25,26]. Free responses from the Bean
Cuisine project participants fell into similar categories.

3.5. Sensory Panel

Sensory panelists ranked the taste, texture, appearance, and overall acceptability of each
dish on a Likert scale of 1 to 5, with 5 being extremely satisfied and 1 extremely dissatistied. The
average scores for all dishes ranked between extremely and somewhat satisfied. Table 3.5 shows
the reason a dish was included in the sensory panel, quotes about the dish from sensory panelists,
and the average overall acceptability score (n = 12). Similar to citizen scientists, perception of
the recipes differed, and the very same recipe received a range of scores, from rankings of
“extremely satisfied” to dissatisfied. As shown in the last column of Table 3.5, the range of
scores provided varied more for the dip and skillet than the smoothie and salad, with the one
panelist who did not like the skillet reporting it tasted “very sweet,” which the individual found

unappealing.
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Table 3.5. Sensory panel feedback.

Average  Minimum
Overall —
Acceptability Maximum
Score* (Range)

Dish Meal Logic for Including in Quotes About
Name the Sensory Panel the Dish

A smoothie gets people
thinking outside of the
box and in the realm of
beans for breakfast. It is

“Interesting
combination. A

Strawberry fascinating way to
Banana also fast and easy to increase protein and
Bean Breakfast make,.lmproves the fiber in this product.” 4.5 4-5(1)
Smoothie healthiness of e “Great dish, tastes
smoothies, and is amazing!
versatile because a wide  {j,polievable that it
variety of beans canbe . ioi0 peanst”
used in this recipe.
e “I very much
Bean salads are quick appreciate adding the
recipes and make good  y¢rition benefits of
leftovers to keep on beans to a classic; it
White hand. This recipe also enhances flavor and
Bean showcases adding nutrition.”
Waldorf Lunch beanstoa §i§h peopI'e o “This is s0 good. I 4.75 4-5(1)
Salad may not originally think 14 eat this for
to add them to, three meals a day. I
encouraging them t0 do  3iqn’t think beans
this with other dishes as .15, ged ina
well Waldorf, but they
DO.”
This is a very simple, ® I think this is one of
quick dip that can be the most easily
made with pantry acceptable dishes
Olive staples and fits into based on how easily
Bean Dip Snack moit schedules. It is it can be introduced 4.18 3-5(2)

flexible and can be
prepared with almost
any bean.

into the regular diet.”
“Would love to see
some fresh greens or
chunks of olives.”
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Table 3.5. Sensory panel feedback (cont.).

A Mini
Logic for Including verage inimum
. . Quotes About Overall —
Dish Name Meal in the ) . )
Sensorv Panel the Dish Acceptability Maximum
y Score” (Range)
e “Very good as
A recipe that is—I would add
demonstrates adding ~ tomatoes for acid,
: liquid and color.”
Turkey and Dinner beans to a meat dish 417 15 4)

Bean Skillet to boost nutrition and ®

fiber and can also

“Small preference
things here—

more color,
texture, and

help cut food costs.

spice.”

*A score of 5 indicates extremely satisfied and 4 somewhat satisfied. Overall acceptability scores
for all the dishes fell within this range and were ranked as satisfying by panelists.

3.6. Final Bean Cuisine

Overall, the final version of the Bean Cuisine resulted in similar levels of total pulse
intake as the original version. The original version contained an average of about 2.5 cups (406.6
g) of cooked pulses per day, and the final modified version contained 2.4 cups (388.8 g). Cooked
weights provided by Nutritionist Pro were used for these calculations. To calculate the cooked
weight of dry pulse ingredients, the dry weight of chickpea flour, lentil pasta, and dry lentils was
multiplied by 2 to reflect water uptake. For the final Bean Cuisine PDF that was provided to
citizen scientists, optional sides were not included so that citizen scientists could easily use and
adapt the recipes to their dietary patterns and share them with friends and family to inspire others
with the versatility of pulses. Moreover, as previously mentioned, each meal category was
largely interchangeable, so the order in which the breakfasts, lunches, snacks, and dinners are

eaten is not important.
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Supplementary Materials S3.1 shows the nutrient analysis provided by Nutritionist Pro of
the original 14-day Bean Cuisine, which includes all 56 pulse-centric meals (i.e., 14 breakfasts,
lunches, snacks, and dinners), plus sides (e.g., beverages, yogurt, fruit, grains, and vegetables).
The Original Bean Cuisine provides roughly 2000 kilocalories, 96 g of protein (~38 g protein
from pulse, or ~40% of total protein), 61 g of dietary fiber, 5143 mg of potassium, and 1934 mg
of sodium per day. Micronutrient levels are not available for all the ingredients in the Nutritionist
Pro system, hence why some percentages of micronutrients may appear low.

Supplementary Materials S3.6 shows the nutrient analysis for the Updated Bean Cuisine,
with only the pulse recipes updated and the original sides left as they were. The Updated Bean
Cuisine provides approximately 2037 kilocalories, 98 g of protein (~37 g protein from pulse, or
~38% of total protein), 61 g of fiber, 5291 mg of potassium, and 2334 mg of sodium. One of the
main adjustments made to the Bean Cuisine was increased seasoning levels, as is evident in the
increased sodium content. However, exact nutritional content can vary with brand and other
factors, and the numbers provided by Nutritionist Pro serve as an estimation. Also, seasoning
amounts are optional (i.e., people could use less salt), and sides were not adjusted. If sides were
also modified, then the calorie and sodium content could easily match that of the Original Bean
Cuisine. However, they were kept the same to reflect changes that occurred strictly due to
feedback from citizen scientists.

The final version of the Bean Cuisine was a 134-page PDF that was emailed to all 56
citizen scientists, as everyone indicated they wanted to receive the final copy. The front and back
covers are shown along with the table of contents in Figure 3.5. An acknowledgment recognized
the critical input provided by the citizen scientists. The introduction included background details

about the project and the importance of pulses, as well as helpful handouts on how to prepare dry
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pulses. Recipes were grouped into four categories — breakfasts, lunches, snacks and sweets, and
dinners — with 14 recipes in each for a total of 56 recipes. Each recipe had a title and contained
information about the number of servings, a preparation time estimate, a photo of the finished
dish, and nutrition facts. Photos provided by the citizen scientists were prioritized, with photos
taken by the lead author during recipe testing used as needed. The recipes also listed ingredients
and instructions, and they contained a notes section with helpful tips, including tips directly from
the free response feedback provided by citizen scientists. The full Bean Cuisine can be found on

the laboratory website: https://agsci.colostate.edu/cropsforhealth/.

BEAN CUISINE

IDEAS TO ENJOY BEANS FOR
BREAKFAST, LUNCH, SNACK, DINNER,

AND DESSERT!

Figure 3.5. Bean Cuisine. (a) Bean Cuisine front and back covers; (b) table of contents and
Breakfast divider section as an example divider section.

4. Discussion
4.1. Bean Cuisine Creation

This creation of the Bean Cuisine serves as a proof-in-concept that 35% total dietary
protein provided from pulses is achievable, and the resulting dietary pattern meets dietary
guidelines. The preclinical studies demonstrating the potential gut health and healthy weight
outcomes of attaining this percentage of protein also examined the 70% protein level. However,
when developing the Bean Cuisine, we found that attaining 70% of total protein coming from
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pulses was very difficult to do while still promoting a varied, healthy diet. This was because
most foods contain at least some protein, so including foods like a glass of milk, yogurt, eggs,
meat, or even ingredients like whole wheat pasta proved difficult due to the need to maintain
70% of protein coming from pulses. However, it is important to note two things. One, 70% of
overall protein coming from plant foods was much more easily attained, and indeed vegan diets
demonstrate that all protein can be provided through plant foods. Two, if considering 70% of
dietary protein requirements — rather than 70% of total protein — this goal was achievable. In fact,
based on estimates by Nutritionist Pro, the updated Bean Cuisine contained approximately 98 g
of protein per day, and about 37.5 g of those were from pulses. So, if the protein requirement of
0.8 g/kg body weight is considered [209], this 37.5 g of protein could already attain 70% of the
protein requirement for someone who weighs about 65 kg.

Overall, the Bean Cuisine serves as a stealth health approach, wherein healthy eating
behaviors are encouraged through participation in the project. Using healthful ingredients to
provide healthier — but still tasty — meals is an approach utilized by institutions like the Culinary
Institute of America (CIA) as well. For example, the CIA explains that they adopt a stealth health
approach to produce healthier recipes and meals, relying on healthful flavoring strategies and
techniques instead of sodium, sugar, and saturated fat [210].

All 56 citizen scientists elected to receive the final Bean Cuisine, and several emailed the
lead author during the editing process asking when it would be done, indicating they were
looking forward to seeing it. Citizen scientists were emailed to ask if they were comfortable
having their first name and last initial included on the Acknowledgements page. Fifty-four
indicated yes, one declined, and one requested only first name and no last initial. This type of

affirmative response suggests that they feel some sense of ownership in the project. Upon
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receiving the Bean Cuisine, many citizen scientists responded, expressing thanks, positive
feedback, and excitement to try the new recipes.
4.2. Citizen Scientist Demographics

Higher participation by White, educated females matches the demographics of other
citizen science projects [153,211]. A relative lack of sociodemographic diversity is a common
limitation faced by many citizen science projects, which may limit generalizability to a larger
audience [153,211]. It is of note, however, that although more females participated than males,
many citizen scientists engaged their families and friends and incorporated their feedback. For
example, on her intake form, one citizen scientist commented that she and her husband would
both be participating and that “You’ll be getting us both in the survey responses.” Thus, the
demographics of individuals providing feedback likely vary from what is shown in
Supplementary Materials S3.5, and the number of individuals providing feedback exceeds 56.
4.3. Citizen Scientist Feedback and Bean Cuisine Modification

Although feedback was positive overall, of course, there was also criticism. One
individual claimed to be “underwhelmed” by the recipes, several expressed the desire for more
flavor, and another citizen scientist stated, “I would probably be more likely to repeat the recipes
if they were a little more flavorful, containing more fat, sweetening agents, and spices.” This
reveals a challenge in developing healthy recipes that fall within dietary guidelines, meet a
certain level of pulse consumption (35% total dietary protein coming from pulses, in this case),
and appeal to everyone. Sensory feedback thus plays a critical role in determining the most and
least liked recipes of a target audience and identifying recipes that need improvement [212].
Providing recipes that are largely interchangeable is another way to help ensure that there are

desirable choices for people with different taste preferences, i.e., if someone finds one breakfast
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unappealing, they can switch it with a different breakfast and still attain a similar amount of
protein from pulses.

Constructive criticism helped improve recipe clarity and taste. Citizen scientists had
different views of overall recipe appeal, with ratings varying even for the same recipe. However,
this is also partially due to individual taste preferences and the nature of being assigned recipes.
For example, some people were assigned a recipe they would not have chosen for themselves
(example quote: “Yuck! I am not a smoothie person. This did not change my attitude towards
smoothies.”), which resulted in a low score.

As previously mentioned, citizen scientists only indicated following the recipe 54% of
the time. Sometimes modifications were minor, such as increasing the seasoning level. However,
other times, modifications entailed multiple ingredient substitutions or completely diverged from
the recipe (example: “I am sorry, I went totally off script here, but the result was so good. I hate
yogurt, and the dip idea didn’t really fit with our meal plan. So instead, I tossed the chickpeas in
the hot sauce/lemon juice/dill/onion powder/parsley, plus 2 tbsp of tahini, and roasted at 375 for
30 min.”). This resulted in feedback that was not always pertinent to the recipe, as significant
modifications were made on occasion. Indeed, data quality is a major concern in citizen scientist
projects [153,213]. Yet, due to the nature and goal of this project, this type of feedback does not
represent low data quality but rather shows increased external validity [213] because it reflects
what happens in the home kitchen when people use recipes, as they are prone to modify to suit
their tastes. The recipes nonetheless inspired people to try pulses in new ways, thereby
expanding their awareness of versatile uses, and it was a more realistic way to test how recipes

work in the home kitchen.
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Although we ultimately had a 100% response rate, another challenge was receiving
feedback on all four recipes from all 56 citizen scientists. Some participants took longer to
respond than others and required follow-up emails. Given the nature of a volunteer project, this
is understandable. Nonetheless, it presents a difficulty by placing a time burden on the research
team to track responses and follow up with participants. Following up with people before
beginning the project to reaffirm interest, providing a welcome training kit and gift (Colorado
Proud beans), offering training so people understood the project and had the opportunity to
engage with the researchers, regularly following up with participants, and providing an incentive
upon completion all appeared to be essential in attaining a 100% response rate, and similar
approaches can be used in future citizen science efforts.

4.4. Impacts of Participation

Baseline knowledge levels of nutrition and health benefits, versatility, and preparation
were already relatively high, as shown in Table 3.2. Other citizen science projects experience this
as well, with individuals who are already highly interested in the topic — and thus often more
knowledgeable about it — among the main participants [192,211,214]. Nonetheless, knowledge
levels did vary, with one citizen scientist commenting upon completion of the project, “It was
fun to try new recipes and learn about an ingredient I don’t use all that much.” This suggests that
one potential appeal of participating was the chance to simply learn more about food they do not
currently use on a regular basis.

As shown in Table 3.2, citizen scientists' self-reported knowledge significantly increased
for all three categories assessed in this project: nutrition and health benefits, versatile uses of
pulses, and how to prepare dry pulses. Knowledge of versatility saw the greatest increase in

average score, rising from 3.39 to 4.38, for a total increase of 0.99 on a 5-point Likert scale. This
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makes sense, given the nature and focus of the project on showcasing different ways to include
pulses in every meal. The next greatest average increase was in knowledge of how to prepare dry
pulses, which rose from 3.55 to 4.36 (0.81 increase). Citizen scientists were also mailed dry
beans and information on how to cook dry pulses, which could have played a role in the increase
in knowledge of how to prepare dry pulses. This corresponds with the increased frequency in the
use of dry pulses compared to canned, which was seen when comparing preparation habits
before and after the project. It is logical that the smallest average knowledge increase was seen
for nutrition and health benefits (3.86 to 4.29, for a 0.43 increase) because the only time this
topic was really discussed during the project was during the orientation and training. In addition,
participants already rated their knowledge of pulse nutrition and health benefits as high before
participation (average score of 3.86 out of 5 before beginning).

Although the frequency of pulse consumption appeared to increase (Figure 3.3), with a
greater percentage of individuals reporting eating pulses 1-3 days a week or 4—6 days a week
after participation, the result was not found to be significant (p = 0.137). This could partly be due
to the large percentage of citizen scientists who already regularly ate pulses before this project.
Another challenge was the inability to assess detailed pulse intake information due to the nature
of the response options; although they asked about the general frequency of consumption, they
did not collect data on the exact number of days pulses were consumed and the actual amounts
eaten. Indeed, a lack of validated pulse-specific dietary assessments is one of the challenges in
advancing pulse research [24].

When asked during the final feedback survey if they now tried to eat more pulses as a
result of participating in this citizen scientist project, n = 40 (71.4%) of individuals indicated yes.

Combined with the overall trend of increased frequency, this suggests that pulse intake increased
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post-participation. However, it highlights a key takeaway. Arguably, one of the most important
outcomes of participation could be increased pulse consumption. The lack of a tool to better
assess the types and amounts of pulse consumed thus poses a challenge.

In a recent paper by Henn and colleagues (2022), the authors developed a tool that begins
to address some of these concerns [130]. They asked about the frequency of consumption for the
different types of pulses in a manner very similar to this study, but in addition to a question about
the frequency of overall pulse intake, they also broke it down into pulse type (e.g., a respondent
could select that they eat black beans 2—3 times a week). Moreover, they gather information on
what situations different pulse types are consumed (e.g., at home, in a restaurant, on the go, at
work/school, other), in which form pulses are purchased (e.g., dried, canned, processed
products), and how the pulses are eaten (e.g., as a main ingredient, in a side), and what foods are
prepared from pulses (e.g., stews, pasta, salad). Gathering such information will be useful in
helping better understand consumer behavior and assess changes in frequency and manner of
consumption. However, future citizen science efforts should also assess changes to the actual
volume of intake, if possible, through a more sensitive tool. Other citizen science work has also
found a similar need to develop more sensitive measures to better assess the impacts of
participation [215].

Another point of interest was whether participating influenced preparation behavior.
Citizen scientists received dry pinto and Mayocoba beans in the mail, as well as handouts with
information about how to prepare dry pulses. Figure 3.4 suggests that post-participation, citizen
scientists did seem to use dry pulses more frequently. However, the nature of the response
options limited the analysis to descriptive statistics. The most notable change is a shift from

using mainly canned options (n = 28 before the project) to a more even mix of canned and dry
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pulses. Participants still showed high usage of canned pulses after completing the project, likely
due to the convenience factor [216].

Especially given that not all citizen scientists were from Colorado, it is expected that
many of them may not make an effort to purchase Colorado-grown beans. Yet, the fact that the
most common response selected on the intake form was “unsure if the beans I purchase are from
Colorado or not” (n = 25, 44.6%) suggests that bean origin — whether from Colorado or another
region — is often unknown and may not play much of a role in purchasing decisions. Participation
in the project appeared to increase awareness of origin, with 69.6% of participants indicating
upon completion that they are now more likely to purchase Colorado-grown pulses. This
highlights the potential of spreading awareness about local products to influence future
purchasing decisions in favor of local options. Barriers to local food purchasing include the
inability to find identifiably local foods and a lack of time or behavior skills to prepare local
foods [193]. This may be the case with dry pulses, as unfamiliarity with how to cook pulses and
the versatile ways to use them is an established barrier to consumption [128]. One
recommendation by Birch and colleagues (2018) to enhance appeal to consumers was to create
clearer branding and labeling [217].

4.5. Participation in Citizen Science

The motivations of participants to join this project (see Table 3.3) match those in other
citizen science projects, which include intrinsic interest in the project topic, desire to participate
in science, and personal enjoyment [153,211]. Naturally, the desire to increase their knowledge
about beans and recipes using beans was a big pull for this project. Moreover, a major theme
under “Values” was volunteer spirit. Several citizen scientists were already active volunteers

and/or had experience participating in other citizen science projects, suggesting the importance
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of positive prior experiences to encourage continued participation in public science. The Bean
Cuisine was also uniquely positioned to contribute to participant health and cooking skills, and
many participants expressed a desire to learn about how to incorporate more beans in their diets
as a way to directly improve their health or that of their loved ones. Clearly, people recognize the
importance of pulses in a healthy diet, but they do not always appear to feel confident about how
to prepare them in versatile, delicious ways that foster regular inclusion in the diet. In the
“Interests” theme, many stated a direct interest in beans and/or cooking, which would be
expected due to the tendency of citizen scientist participants to already have an established
interest in the project topic [153].

As demonstrated in Table 3.4, citizen scientists reported various knowledge gains due to
participation, which matches the significant increases in knowledge of pulse health benefits,
versatility, and cooking of dry pulses shown in Table 3.2. Participants also frequently commented
on the surprising versatility of pulses, demonstrating an increased awareness of ways to use them
in the kitchen. Importantly, not only did they find new favorite recipes, but they recognized ways
to easily incorporate pulses into their current diets. For example, after realizing that pulses work
well in smoothies and with roasted vegetables, participants can easily include pulses without
having to learn completely new base recipes. Instead, they can make a quick modification to
their dietary patterns with a simple addition of pulses to currently preferred foods (e.g.,
smoothies, roasted vegetables, oatmeal). Even those who reported loving beans before beginning
explained how the recipes encouraged them to think outside of the box and “got us out of our
ruts.” Liking for Mayocoba beans, one of the beans sent to citizen scientists in their toolkit, was

also commonly expressed. Many individuals had not previously tried this bean but stated an
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intention to now often include it in their diets, showing the potential of the introduction of new
pulses to generate interest and excitement.

Citizen scientists also reported an overall positive experience and expressed a desire to
continue participating in citizen science efforts. This is likely due to the fun they had, the
knowledge and skills they gained that they deemed useful, and the sense of fulfillment they felt
due to their meaningful contribution, e.g., “This was a fun way to participate in an interesting
project that I think could really help others.”

A highly encouraging finding was the role citizen scientists adopted in their communities
of sharing project knowledge and being pulse advocates. Other citizen science projects have also
found that citizen scientists exhibit behaviors suggesting they act as program advocates
[218,219]. Citizen science is suggested to provide deeper meaning to participants’ interests and
hobbies [220]. In this sense, participation in the Bean Cuisine project could equip participants
with more topic area knowledge, inspire them to explore pulse versatility, and further their
interest, which naturally leads to them sharing with others. In this study, participants shared with
family, neighbors, and friends, including everyone in recipe feedback. This provided greater
depth of feedback, as well as creating an opportunity for shared learning about the benefits and
versatility of pulses.

In this analysis of the outcomes of participation, it is evident that the benefits for citizen
scientists went beyond mere knowledge gain, and cooking and consumption behavior was also
impacted. This is critical because although knowledge is important, knowledge in and of itself
does not successfully drive behavior change. To achieve the true adoption of healthful behaviors,

it is essential to increase knowledge, motivate individuals (e.g., through participation in the

130



project and engagement with scientists and like-minded individuals), and encourage behavioral
skills (e.g., tips to cook dry pulses, preparing pulses in versatile ways) [128].
4.6. Sensory Panel

Overall, sensory panelists reported being satisfied with all the dishes (see Table 3.5). The
recipe that ranked most highly was the White Bean Waldorf Salad, demonstrating the potential to
increase bean consumption by adding beans to dishes people already eat, but may not think to
include beans. Indeed, one sensory panelist stated, “I didn’t think beans belonged in Waldorf, but
they DO.” Promoting creative ways to eat more pulses, especially when it only requires the
simple addition of pulses to a dish people already include in their daily lives rather than learning
a whole new recipe, is one approach to quickly increase pulse intake.
4.7. The Bean Cuisine as a Model for Stealth Health Approaches

The Bean Cuisine serves as a pilot study for future citizen science projects with broader
public health goals. This work demonstrated the feasibility of actively engaging the public in
similar projects that can directly improve dietary habits. Participating as citizen scientists
provided an extra incentive to try new recipes and eating habits and to begin routinizing healthier
dietary habits, in this case through higher pulse inclusion in the diet. Thus, citizen science efforts
represent a powerful opportunity to improve public well-being — and even influence positive
environmental outcomes when the food is associated with planetary benefits, as is the case with
pulses [99].

Adoption of dietary patterns similar to the Bean Cuisine would reverse the current fiber
gap (i.e., the dramatic difference between recommended and actual fiber intake) faced in the
United States and many countries around the world [10]. Also, it would help promote adequate

consumption of other dietary components of public health concern, like potassium [11]. As we
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increasingly face public and environmental health challenges, it is important to recognize the
underutilized power in citizen science approaches and take better advantage of engagement
research to shift dietary patterns for the public good.
4.8. Limitations and Future Directions

There are several key limitations to this study. As previously explained, there was a
relative lack of sociodemographic diversity among participants, which may limit generalizability
to a wider audience in aspects such as taste preferences. Also, those who are already interested in
the topic — and therefore likely have greater baseline knowledge and potentially greater
consumption levels of pulses — were more likely to participate. Again, this poses a challenge
when considering the feasibility of this type of citizen science and stealth health approach on a
broader audience. Due to the nature of the study and data collection tools, it was not possible to
examine in-depth changes to pulse preparation and consumption habits, nor longer-term behavior
changes or overall health impacts. Future studies could engage a more diverse group of citizen
scientists to actually test the whole Bean Cuisine rather than providing feedback on one day of
recipes. Ideally, this type of study would also collect data on health markers (e.g., stool samples
to assess changes to the gut microbiome [92]) and longer-term impacts on behavior change, for
instance, checking if pulse consumption remains high at several time points after completion of
the project. Another measurement of interest would be any effects on intestinal discomfort [134],
as concerns over flatulence pose a barrier to higher pulse consumption [128] and addressing
these could be helpful in promoting increased intake. Research suggests that many individuals do
not experience increased intestinal discomfort with beans and that most of those who do have
discomfort see symptoms dissipate within one to three weeks [44]. Testing this finding,

especially considering higher pulse intake levels than in previous studies, would be informative
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about the likely willingness of people to adopt such a dietary pattern. Lastly, the Bean Cuisine
could be expanded, incorporating a wider variety of recipes from countries around the globe —
including India, Japan, Ethiopia, Mexico, and others — to better represent and showcase the
diverse culinary uses of pulses. Drawing inspiration from countries with higher pulse intake,
such as Rwanda and Burundi [10], could also help inspire ways to better routinize regular pulse
consumption.
5. Conclusions

Increasing the production and consumption of beans and other pulses can provide a wide
array of human and environmental health benefits, all at a relatively economical price. Despite
the impressive list of benefits that could be reaped through the higher incorporation of pulses
into daily diets, consumption is low in many countries around the world, with one of the main
barriers being a lack of familiarity with how to prepare pulses and take advantage of their
versatile uses. Citizen science provides a unique approach to advancing consumption because it
actively engages the public and addresses this barrier to consumption, empowering participants
to be advocates for the benefits of pulse consumption within their own communities. Citizen
scientists reported increases in pulse intake, usage of dry pulses, and knowledge about pulse
benefits and versatility, and they explicitly stated their intentions to regularly eat pulses. This
highlights how this type of outreach research can increase public knowledge and move the
needle for the adoption of healthy eating behaviors, for instance, by helping routinize higher
pulse consumption through a stealth health approach. Moreover, citizen scientists engaged in
spreading awareness about the project and pulses, becoming stronger pulse advocates in their
communities. Thus, the presented results suggest that involving the public in the research process

is mutually beneficial to scientists and the public alike, broadening reach and impact beyond the
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doors of academic institutions to engage and benefit a wider audience. Increases in knowledge
and engagement with the scientific community can be perceived as benefits for citizen scientists.
However, citizen science projects are also positioned to move beyond mere increases in
knowledge level to help attain participant adoption of healthy dietary patterns. To strengthen the
ability of citizen science research to draw conclusions about the influence of participation upon
behavior changes — such as significant impacts on pulse consumption — it is critical to design
sensitive measures. Doing so will be essential to support increased recognition of the potential of
citizen science to move the needle on behavior change that advances public and environmental

health.
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CHAPTER 4: THE EFFECTS OF ELEVATION AND SOAKING CONDITIONS ON DRY

BEAN COOKING TIME!!

Summary

Dry beans and other pulses (e.g., chickpeas, cowpeas) are nutrient-dense foods that promote
human and environmental health. However, consumption is declining in many regions around
the world. Addressing barriers to greater pulse intake is important to reverse this trend. Cooking
time is one such barrier, with consumers viewing the long cooking times of many pulses as a
hurdle to higher consumption due to lack of time or fuel availability. Equipping consumers with
simple, accessible ways to reduce pulse cooking time is one way to mitigate this barrier.
Accordingly, this study assessed changes to cooking time when pinto beans (Phaseolus
vulgaris L.) were cooked at four elevations using different soaking conditions, which reflect a
combination of the soaking method and salt added to the soaking solution. There were seven
different cooking conditions: soaking via the overnight or quick soak method in only water or in
1% sodium chloride (NaCl) or sodium bicarbonate (NaHCO3) solutions, and a no soak with no
salt added comparison. Using an overnight (12-hour) soak or a quick soak resulted in similar

reductions in cooking time compared to unsoaked beans. Soaking in NaCl and NaHCO3 solutions

This research has already been published with the journal Legume Science. To stay true to how
the paper was published but adhere to CSU Graduate School dissertation formatting: 1.) the
numbers of figures, tables, and the supporting information referenced has a “4.” appended to reflect
being in chapter 4; 2.) keywords and journal ending statements (e.g., funding, data availability
statement) are not displayed; 3.) spacing has been adjusted to match CSU formatting; and 4.) the
supporting  material mentioned in this paper can be found online at
https://onlinelibrary.wiley.com/doi/10.1002/leg3.207. Citation information is as follows: Didinger,
C.; Cichy, K.; Urrea, C.; Scanlan, M.; & Thompson, H. J. The effects of elevation and soaking
conditions on dry bean cooking time. Legume Sci. 2023, e207.
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further decreased cooking time than when only water was used, with the shortest cooking times
seen for NaHCO:s. Elevation also impacted cooking time, with the longest cooking time being for
unsoaked beans at the highest testing elevation. Adding either salt to the soaking water reduced
the effect of elevation. This information was synthesized to give consumers practical tips to

reduce cooking time.

1. Introduction

Beans and other pulses (i.e., the dry, edible seeds of non-oilseed legumes like chickpeas,
cowpeas, dry peas, and lentils) are nutrient-dense foods positioned to help simultaneously
improve the well-being of people and the planet [99]. Due to the wide variety of environmental
benefits [99-101] and positive public health outcomes with which they are associated [6,159],
combined with their relatively affordable price point, one might expect that pulse consumption is
high. However, intake in many countries is low [126], which prevents capitalization on the
myriad benefits that greater incorporation of pulses into food systems could provide. Some
reasons for this sub-optimal consumption level are barriers that consumers face [128,130,133].
Paramount among these is the long cooking time of pulses [128,130,132]. Depending on the
audience, long cooking time can present a challenge due to fuel scarcity or a perceived lack of
time and thus inconvenience when preparing pulses [129]. Mitigating the barrier of long cooking
times via disseminating practical tips centered around consumer-accessible cooking methods is
one way to address this concern and help enable higher pulse consumption and the associated
health advantages. It is also valuable to provide clarity on potential points of consumer confusion
surrounding cooking dry beans, such as how different factors (e.g., elevation, cooking method)

impact cooking time, to help ensure a more positive cooking experience.
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To achieve this, it is important to synthesize research findings to-date to determine what
methods can affect cooking time. The current literature demonstrates that soaking beans is a
practical way to reduce cooking time [174,221,222]. Evidence also supports the addition of salts
to the soaking water as one way to further reduce cooking time. The types of cations present in
the soaking solution can impact cooking time, and soaking in bivalent salts — like those with Ca™"
solutions — increases cooking time, whereas soaking solutions of monovalent salts like Na* can
result in quicker softening [223]. One potential mechanism proposed to explain this is the cross-
linking between calcium ions and pectin, which can form insoluble pectates, resulting in
resistance to water absorption [223,224].

Njoroge and colleagues found that soaking in sodium carbonate (Na2CO3) reduced
cooking time [223]. Similarly, Coskuner and Karababa [173] studied the effects of soaking on
chickpeas and demonstrated that both sodium chloride (NaCl) and sodium bicarbonate
(NaHCO:s) shortened cooking time, generally with greater reductions when using NaHCO:s.
Bhokre and Joshi [172] found that soaking cowpeas in water, a 1% NaCl solution, and a 1%
NaHCO:s solution resulted in reductions in cooking time of approximately 51%, 66%, and 86%,
respectively, compared to unsoaked samples. The investigators found a similar trend for
horsegram, with reductions of about 13% for water only, 31% for NaCl, and 45% for NaHCO3
compared to unsoaked, as well as in mothbean, with 20%, 50%, and 80% decreases in cooking
time. Although some studies have found slight increases in cooking time or hardness when
soaking in salt solutions with NaCl and/or potassium chloride (KCI) [225,226], these same
studies have found decreases in cooking time when using soaking solutions with NaHCO3 [225]
and potassium carbonate (K2CO3) [226]. Some of these differences could be attributed to

different study designs. For instance, diverse pulses are used and cooking time is measured in
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different ways, such as the tactile (i.e., finger pressing) method and via a device like a Mattson
cooker [174]. Another potential reason is the different pH of soaking solutions. Alkaline
solutions may act as tenderizers [224], enhancing pectin solubilization, helping cells separate
better during cooking and reducing cooking time [223]. Overall, soaking solutions that contain
monovalent salt solutions appear to reduce cooking times, although NaCl sometimes is not found
to have an effect [224].

Reducing cooking time with salt treatments represents a practical approach for consumers
because many of these salts (e.g., table salt and baking soda) are common household items.
Some websites known for food science and culinary tips, like America’s Test Kitchen and
Serious Eats, purport the benefits of adding salt to bean soaking water [227,228]. Yet, there is
still a common belief among the public and culinary industry that the use of salt in soaking water
can prevent softening, and this information is repeated even on the websites of organizations that
share knowledge about how to cook pulses [229,230]. Such inconsistent messaging can result in
confusion and is clearly not successful in equipping consumers with practical, evidence-based
tips to mitigate an important barrier to pulse consumption: long cooking times.

Elevation is another factor that can significantly impact cooking time, with longer times
seen as elevation increases [169,170]. However, the main study that examines cooking times at
different elevations was published in 1996, used finger pressing and biting to assess cooking
time, cooked samples in drinking water (which could vary by site location), and did not evaluate
the impacts of different soaking methods or solutions [169]. In contrast, the current study used a
Mattson cooker to standardize cooking time data collection. To the best of our knowledge, no
studies have investigated the interaction between elevation and cooking condition. For the

purposes of this paper, the cooking condition represents the combination of soaking time (i.e.,
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overnight soak or quick soak, which are two methods commonly recommended to consumers
[183]) and salt added to the soaking solution (i.e., none, NaCl, or NaHCOs3), with a no soak
comparison.

To more effectively enable consumers to cook pulses faster — thereby mitigating a key
barrier to higher consumption — it is critical to better understand the influence of cooking
conditions and elevation on pulse cooking time. Thus, this study differs from other studies on dry
bean cooking times because it is geared towards consumer education. After investigating
practical, consumer-accessible cooking conditions at different elevations, findings were
synthesized with evidence in the literature to develop a public-facing resource for dissemination
through the Extension network. Therefore, a translational approach was adopted to ensure that
evidence-based practical tips to reduce pulse cooking time are made available to the public.

2. Methods
2.1. Bean Material

Bean cooking time can vary with genotype [129,170,231]. Thus, all seed used was the
Monterrey cultivar of pinto bean. Beans were grown in Idaho under sprinkler irrigation, and
certified, untreated seed was obtained from Kelley Bean Co. The seed was harvested in fall of
2020, procured in late spring 2021, and cooking time tests occurred in summer of 2021 through
winter of 2022. This is reflective of the shelf-life of beans [232], the period of time it takes for
beans to be processed and packed, and how long beans would be stored after harvest before
being cooked by consumers.

2.2. Cooking Conditions and Locations
To replicate common and accessible cooking conditions consumers may use in their

homes, three different soaking times were used: 1.) an overnight soak (i.e., soak beans for 12
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hours at room temperature, then discard the soaking water and cook in fresh water); 2.) a quick
soak (i.e., bring beans to a boil and hold that for 3 minutes, allow to sit in hot water for 1 hour,
then discard soaking water and cook in fresh water) [183]; and 3.) no soak. The no soak
condition served as the comparison to assess how different cooking conditions impacted cooking
time. Three different soaking solutions were used: 1.) only distilled water; 2.) 1% sodium
chloride (NaCl); and 3.) 1% sodium bicarbonate (NaHCO3). This reflects the 1% soaking
solution used in other studies that assess cooking time [172,173]. Thus, three different soaking
solutions were tested with the overnight soak, three with the quick soak, and a no soak condition,
resulting in seven cooking conditions, as shown in Figure 4.1. For each condition that included
soaking, approximately 20 grams of seed were measured and soaked in a 1:4 w/w ratio (i.e., 20 g

beans and 80 g soaking solution).

Soaking Method
Overnight soak Quick soak
L (soak for 12 hours, (boil for 3 minutes, let stand
Soaking Time then discard water for 1 hour, then

and cook) discard water and cook)

Figure 4.1. Cooking conditions. Each blue circle represents one of the seven cooking conditions,
as explained in the text.
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All seven conditions were tested at four different locations with different elevations, as
shown in Table 4.1. The lowest elevation was East Lansing, close to sea level (263 m), and the
highest was in Leadville, at over 3000 m.

Table 4.1. Elevation of different testing sites and the boiling temperature of water at that
elevation.

Location Elevation (m) Temperature at which water boils (°C)
East Lansing, Michigan 263 99.2
Scottsbluff, Nebraska 1200 96.1
Fort Collins, Colorado 1569 94.8
Leadville, Colorado 3125 89.5

2.3. Assessing Cooking Time

An automated Mattson cooker was used to measure cooking time [233], as this is a
standard way to assess the cooking time of pulses [174,234,235]. Briefly, a Mattson cooker
contains 25 pins that align with the base plate, which contains 25 wells that can hold one bean
each. The following video demonstrates the operation:

https://www.youtube.com/shorts/3rMvHuVxKDA. After the beans had been prepared according

to their cooking conditions, they were added to the wells of the Mattson cooker. Evenly weighted
(approximately 63 g) piercing rods rest on top of the center of the bean in each well. The cooker
was then placed into a beaker of fresh boiling distilled water on a burner. Individual beans are
considered cooked when they soften enough that they are pierced by the rod, and the Mattson
cooker program automatically records the pin drop time. The cooking time of the sample is
determined to be when 80% of the beans have been pierced by the rods, and this has been found
to equate to fully cooked samples based on mouthfeel as determined by a trained sensory panel
[129,235,236]. Each cooking condition was conducted in replicate to calculate the average

cooking time for a condition. Due to the extended cooking time at the Leadville location, most
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cooking conditions were only tested in duplicate. Other locations conducted tests in at least
triplicate to calculate an average cooking time for each condition.
2.4. Water Uptake, pH, and Moisture Content

Water uptake was calculated by obtaining the weight of: 1.) the dry seeds; and 2.) the
seeds after soaking, by first draining and blotting them dry. The formula used to determine the
percent water uptake on a dry basis was: (soaked weight - dry weight) / (dry weight) x 100.
Before soaking, the moisture content of the dry beans was recorded. Measurements of the pH of
the soaking solution at the beginning and end of the soaking time were taken. Due to the research
occurring in multiple sites, the equipment used differed among research teams. To measure pH,
the team in Michigan used pH test paper strips; Nebraska, a Corning pH meter 440; and
Colorado, a Dr. Meter pH Meter (due to needing to travel off-site for testing at the highest
elevation). For moisture level, the Michigan team utilized a Dickey-John GAC 2500UGMA;
Nebraska, a Dickey-John GAC 2100b; and Colorado, a John Deere Grain Moisture Tester.
2.5. Statistical Analysis

Statistical analyses were conducted in IBM SPSS Statistics version 28 (IBM Corp.
Released 2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp.). To
evaluate the effects of elevation and cooking condition on bean cooking time, a two-way analysis
of variance (ANOVA) was conducted, with cooking time as the dependent variable. Cooking
condition and elevation were considered main effects, and the interaction between elevation and
cooking condition was also assessed. Due to the large number of comparisons being made,
pairwise comparisons were calculated using the more conservative Bonferroni test. Descriptive

statistics, such as average cooking time for the seven cooking conditions at each elevation, were
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also computed in SPSS. For analyses within individual conditions, a curvilinear regression was
conducted.

Percent changes in cooking time were calculated in Excel, using mean cooking times for
each condition at each elevation. The following three comparisons were made:

1. Increases in cooking time seen with higher elevations: Percent increase in cooking

time for a cooking condition = (site 2 mean — site 1 mean) / (site 1 mean)

2. Decreases in cooking time seen with soaking: Percent decrease in cooking time =

(mean cooking time for the no soak condition — mean cooking time for comparison
condition) / (mean cooking time for the no soak condition)

3. Decreases in cooking time seen with salt added: Percent decrease in cooking time =

(mean cooking time for salt 1 — mean cooking time for salt 2) / (mean cooking time
for salt 1)

3. Results

3.1. Average Cooking Time, Water Uptake, pH, and Moisture Content

Cooking times (in minutes) + standard deviation (SD) for the different cooking
conditions at all four elevations are shown in Table 4.2.

Table 4.3 shows the average water uptake rates for the different cooking conditions at the
four locations and the average pH of the soaking solution at the end of the soaking period. The
no salt, no soak condition is not shown because a water uptake measurement could not be taken
due to no soak occurring. Michigan (elevation 263 m) conducted two batches of three runs for

each condition, separated by one month.
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Table 4.2. Average cooking times for cooking conditions at different elevations.

No salt Only water NacCl NaHCO3
Elevation (m) No soak Quick soak  Overnight soak Quick soak  Overnight soak | Quick soak  Overnight soak
263 88.4+7.8 37.7+4.1 40.9 +8.3 31.5+£2.5 27.0+2.4 21.5+3.1 184+1.9
1200 110.7 +£3.7 58.0+4.3 73.3+11.9 53.7+£5.6 67.4+22.6 379+ 1.5 64.1+10.4
1569 131.0+6.9 64.7 £ 6.8 544+3.1 52.2+3.8 478+ 1.9 33.2+2.0 353+1.5
3125 296.0+21.6 | 165.4+35.0 139.1 £15.0 122.4 +£8.7 110.4 +3.1 64.4 +£10.1 68.8+5.8

Cooking times are shown in minutes + SD. NaCl 1% sodium chloride soaking solution; NaHCOj3 1% sodium bicarbonate soaking

solution.
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Table 4.3. Average water uptake and pH.

Location elevation (m) 263 1200 1569 3125
Date (month-year) tests were conducted Dec-2021 Jan-2022 Feb-2022 & Mar-2022 Aug-2021 Aug-2021
Average moisture level of seed (%) 10.9 11.1 10.5 10.17 9.6
Average # tests/cooking condition 3 3 3 34 2.1
Only water, Water uptake (%) 107.1 104.1 100.9 104.9 99.5
QS pH 7+ 7 6.2 6.4 6.4
Only water, Water uptake (%) 98.5 83.9 41.0 92.2 56.3
OS pH 7 7 6.5 6.0 6.2
NaCL OS Water uptake (%) 100.6 97.7 88.9 90.3 82.9
aclQ pH 7 7 6.1 5.9 6.0
Water uptake (%) 97.7 81.2 35.0 83.5 51.1
NaCl, OS
pH 7 7 6.0 5.7 5.8
Water uptake (%) 104.0 105.2 96.7 97.6 92.0
NaHCO;3, QS
pH 9 9 9.0 9.0 9.1
Water uptake (%) 96.5 80.2 353 86.2 63.8
NaHCOs, OS
pH 9 9 8.4 8.2 8.5

“Average # tests/cooking condition” refers to the average number of tests run at each elevation for the cooking conditions, taking into
account the no salt, no soak comparison. "The moisture level read by the Moisture Tester for the Colorado locations appeared to
provide readings lower than the actual moisture content due to the device used. *Michigan used pH test paper strips to measure pH to
the whole number. OS quick soak; OS overnight soak; NaCl sodium chloride soaking solution; NaHCOj3 sodium bicarbonate soaking

solution.
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The temperature of the soaking water is one of the main factors that influences the
hydration process, with higher temperatures accelerating hydration [237]. Thus, water uptake
values are provided, but a statistical test evaluating the impact of elevation and cooking
condition is not conducted, as this would not account for ambient temperatures, which varied
with location and season.

As shown in Table 4.3, the average water uptake tended to decrease as the beans aged.
This is apparent when comparing the same cooking condition in Michigan in December 2021
versus January 2022. Although similar, the pH of the NaCl soaking solution was slightly lower
than that of soaking in water with no salt added. When comparing the quick soak and overnight
soak within the same soaking solution (i.e., same salt), the quick soak appeared to have a higher
pH. This difference was the most pronounced for the NaHCO3 conditions.

The age and moisture content of the seed influences water uptake, hence cooking time
tests were conducted as close together as possible and moisture content was assessed. Average
moisture content fell within the standard range of 10-14% used with Mattson cooker trials
[129,170]. As the table caption states, the moisture levels reported for the two Colorado locations
are likely lower than the actual moisture content. This is reflected by readings that were lower
than the moisture content of the same seed (that had been stored in a sealed container) when
tested several months later in Michigan and Nebraska, when it would be expected that older
seeds should have a lower moisture level.

3.2. Cooking Time Varies with Cooking Condition and Elevation on Cooking Time
As shown in Figure 4.2, cooking time is reduced with soaking and further reduced by the

addition of salts to the soaking water.
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Figure 4.2. Cooking time varies with cooking condition and elevation. Plotted cooking times
(minutes) are average cooking times for a particular cooking condition at the specified elevation,
with errors bars showing + standard error (SE). OS quick soak; OS overnight soak; NaCl sodium
chloride soaking solution; NaHCO; sodium bicarbonate soaking solution.

Levene’s test of equality yielded a significant result, which is addressed in the discussion.
The ANOVA analysis demonstrated that elevation and cooking conditions were significant main
effects (see Table 4.4). The interaction effect for cooking condition*elevation was also found to
be significant, indicating that the impact of the cooking condition depends on elevation. The non-
parallel lines in Figure 4.2 are also indicative of an interaction effect. Due to the large number of

pairwise comparisons, results are not displayed in the paper but are available in Supporting
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Information S4.1, which breaks down the cooking time trials by the four elevations and shows
which cooking conditions result in significantly different cooking times at each elevation. For
example, at the lowest elevation, the cooking condition of quick soak, no salt was found to be
significantly different from the comparison condition of no soak, no salt (p < 0.001) but not the
overnight soak, no salt condition (p = 1.00).

Table 4.4. Summary of the ANOVA for bean cooking time.

Sources of variation df Mean square F )
Cooking condition 6 18911.445 223.291 <0.001
Elevation (ft) 3 36576.819 431.87 <0.001
Cooking condition*elevation 18 1881.352 22.214 <0.001

df degrees of freedom. Statistical significance when p < 0.05.

To investigate the interaction effect, conditions were examined separately, comparing the
tests conducted on the same condition among the four different elevations. For the no salt, no
soak condition, a quadratic fit (R? = 0.986) was better than a linear fit (R? = 0.858), as shown in
Figure 3. The summary of the R? values is shown in Table 4.5, which demonstrates that

quadratic is a better fit than linear for all the cooking conditions.

@® Observed — Linear -=- Quadratic

300

200

Cooking time (minutes)

263 1200 1569 3125

Elevation (meters)

Figure 4.3. Linear and quadratic fits for the no salt, no soak cooking condition.
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Table 4.5. Cooking condition curvilinear regression.

Difference
Cooking Condition Linear, R? (p) Quadratic, R? (p) (quadratic —
linear)
No salt, no soak 0.858 (< 0.001) 0.986 (< 0.001) 0.128
Only water, quick soak  0.834 (< 0.001) 0.923 (< 0.001) 0.089
Only wat ioht
nmy Wa:;;;"emlg 0.807 (< 0.001) 0.864 (< 0.001) 0.057
NaCl, quick soak 0.913 (<0.001) 0.969 (< 0.001) 0.056
NaCl, overnight soak 0.804 (< 0.001) 0.807 (< 0.001) 0.003
NaHCO3, quick soak 0.886 (< 0.001) 0.897 (< 0.001) 0.011
NaHCO ioht
a s3o:kv crmig 0.602 (0.001) 0.655 (0.003) 0.053

Statistical significance when p < 0.05.

3.3. Percent Changes in Cooking Time

Due to evidence of a significant interaction between elevation and cooking time, it is not
advisable to statistically analyze the impact of elevation or cooking condition on cooking time.
Instead, pairwise comparisons are shown in Supporting Information S4.1. However, to begin to
evaluate the impacts the elevation and cooking condition may have on cooking time, percent
change calculations were made. The percent increase in cooking time for each condition was
calculated with increasing elevation, using the lowest elevation as the comparison. Table 4.6
shows the percent increase in cooking time that can occur with higher elevation. The longest
cooking times occur at the highest elevation and are over 200% greater than those at the lowest
elevation.

Table 4.7 shows percent changes with different soaking conditions compared to the no
soak condition. Soaking reduced cooking time compared to the no soak condition. The
percentage of the reduction varied with cooking condition and elevation, as suggested by the

interaction effect. Depending on the elevation, the average reduction compared to the no soak
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condition ranged from 41-56% for soaking in only water, 45-67% for the sodium chloride
soaking solution, and 54-77% for the sodium bicarbonate soaking solution. The greatest
reductions in cooking time were seen when the beans were soaked in a 1% sodium bicarbonate
solution. Although similar reductions were seen for the overnight and quick soak soaking
methods for most elevations, there was greater variation between these two times for the 1200 m
(Nebraska) location.

Table 4.8 shows the percent reduction in cooking time that can occur by adding different
salts to the soaking solution. Compared to cooking conditions with no salt added to the soaking
water, adding sodium bicarbonate resulted in greater reductions in cooking time than adding

sodium chloride.
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Table 4.6. Percent increase in cooking time with increasing elevation, compared to the lowest elevation (263 m).

Only water NacCl NaHCO3
A A : . A
. Quick Overnight . Verage Quick Overnight . Verage Quick  Overnight . verage
Elevation (m) ok soak increase vs. | soak increase vs. | soak increase vs.

>0 263 m 263 m 263 m
1200 54% 79% 67% 71% 150% 110% 76% 249% 162%
1569 72% 33% 52% 66% 77% 72% 54% 92% 73%
3125 339% 240% 290% 289% 309% 299% 200% 274% 237%

The average increase represents the average of the quick and overnight soaks for the salt added to the solution (none, sodium chloride,
or sodium bicarbonate). NaCl 1% sodium chloride soaking solution; NaHCO3 1% sodium bicarbonate soaking solution.

Table 4.7. Percent reduction in cooking time with soaking versus no soak.

Only water NaCl NaHCO:s
A A
Elevation | Quick Ovemight ™% | Quick  Ovemight ™ | (Quick  Overnight ' &

reduction reduction reduction
(m) soak soak soak soak soak soak

vs. no soak vs. no soak vs. no soak
263 57% 54% 56% 64% 69% 67% 76% 79% 77%
1200 48% 34% 41% 52% 39% 45% 66% 42% 54%
1569 51% 58% 55% 60% 63% 62% 75% 73% 74%
3125 44% 53% 49% 59% 63% 61% 78% 77% 77%

The average reduction represents the average of the quick and overnight soaks for the salt added to the solution (none, sodium
chloride, or sodium bicarbonate). NaCl 1% sodium chloride soaking solution; NaHCO3 1% sodium bicarbonate soaking solution.
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Table 4.8. Percent reduction in cooking time with salt added to the soaking solution, compared to other solutions.

NaCl NaHCO3
A A ) ) A
Elevation | Quick Overnight Ve.rage Quick  Overnight Ve.rage Quick  Overnight Ve.rage
g
reduction vs. reduction vs. reduction vs.
(m) soak soak soak soak soak soak
no salt no salt NaCl

263 17% 34% 26% 43% 55% 49% 32% 32% 32%
1200 7% 8% 8% 35% 13% 22% 29% 5% 16%
1569 19% 12% 16% 49% 35% 43% 36% 26% 32%
3125 26% 21% 24% 61% 51% 56% 47% 38% 43%

The average reduction represents the average of the quick and overnight soaks for the salt added to the solution (none, sodium
chloride, or sodium bicarbonate). NaCl 1% sodium chloride soaking solution; NaHCO3 1% sodium bicarbonate soaking solution.

152



As shown in Tables 4.6 through 4.8, the trends in changes to cooking time at the
Nebraska location (1200 m) appeared to differ from the other three locations. For example, in
Table 4.7, the average reduction of NaCl versus only water was 67% for the Michigan site close
to sea level and 62% and 61% for the two sites in Colorado, but 45% for Nebraska. This was
similar for the NaHCOj3 solution compared to no salt added to the soaking water, with Nebraska
showing a 54% reduction and the other three sites having reductions of 77%, 74%, and 77%
again.

4. Discussion
4.1. Impacts of Elevation and Cooking Conditions on Cooking Time

The current study provides new insights into the effects of elevation on cooking times. As
one would expect, cooking time increases with higher elevations. The previous study by Bressani
and Chon (1996) that examined cooking times at several elevations also confirmed this trend,
with bean cooking time increasing from 78 minutes at 0 m to 264 minutes at 2256 m, the highest
elevation they tested [169]. They used black beans (Ostua variety) and did not soak prior to
cooking; because multiple cooking conditions were not investigated, the interaction between
elevation and cooking condition was not examined, whereas this was a focus in the current study.
Moreover, the study by Bressani and Chon (1996) used finger pressing and biting to determine
the cooking time of dry beans, whereas the current study standardized data collection by using a
Mattson cooker. Nonetheless, some similarities are evident. Interestingly, the cooking times of
similar elevations between the Bressani and Chon (1996) study align closely with the cooking
times determined for the no salt, no soak condition in the present study. For instance, at 229 m,
Bressani and Chon determined the cooking time to be roughly 84 minutes, and this study found

pinto bean (Monterrey variety) cooking time to be about 88 minutes at 263 m. Bressani and
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Chon also found the cooking time to be approximately 124 minutes at 1234 m and 129 minutes
at 1524 m, and our study revealed approximate cooking times of 111 minutes at 1200 m and 131
minutes at 1569 m. Thus, similar percent increases in cooking time (for no salt, no soak) were
seen with rising elevation as those in the current study (Table 4.6). A more recent paper that
assessed cooking times in two of the same locations as in the current study (East Lansing, MI
and Scottsbluff, NE) also revealed that cooking times were longer in Nebraska, which has a
higher elevation [170], although testing only occurred at two elevations and the interaction of
elevation and cooking condition was not assessed. Some of the differences in cooking times
could be attributed to the lower temperatures at which water boils as elevation increases (see
Table 4.1).

Another finding that aligns with previous research is that soaking reduces cooking time
[174,221,222,238]. The ranges in this study for percent reduction in cooking time when soaking
in water only (average reductions of 41-56% depending on elevation, when the quick soak and
overnight soak, no salt cooking conditions are combined) were similar to the reduction seen for
cowpea by Bhokre and Joshi, 51% [172]. Bhokre and Joshi also witnessed reductions in cooking
time of 66% for cowpea and 50% for mothbean when soaking in a 1% NaCl solution when
compared to unsoaked samples, which match well with the average reductions seen when NaCl
was added to the soaking solution, ranging from 45-67% in this study (Table 4.7). Both Bhokre
and Joshi [172] and Coskuner and Karababa [173] found that 1% NaCl and NaHCO3 soaking
solutions reduced cooking times, with NaHCOj3 resulting in the shortest times. The same was
found in the current study, where soaking in a 1% NaHCOs3 resulted in up to 77% shorter average

cooking times (Table 4.7). However, none of these prior studies also took elevation into
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consideration, and testing only occurred at one location. Thus, this challenge that consumers may
face was not taken into consideration in previous research.

Findings appear to be consistent that NaHCOs3 in soaking solutions reduces cooking time
[172,173,225,239,240], as was found in the current study. Conversely, some studies have found
that NaCl soaking solutions result in increased cooking times, such as Avila and colleagues’
investigation of cowpea [225] and Kwofie and fellow investigators’ study on common beans
[226]. Interestingly, Kwofie and colleagues even comment that the local communities in Malawi
use NaCl to help soften beans [226]. However, the current study demonstrated that soaking in
NaCl can reduce cooking time, which is in alignment with other studies [172,173,240,241].
These differences could be attributed to differences in pulses and in elements of experimental
design, such as the water used (i.e., water with more divalent ions could result in prolonged
cooking times [223]), the exact amount of salts added, and how cooking time was determined.

As beans are stored (especially under high temperature and high humidity) and age, they
can develop the hard-to-cook (HTC) defect, which results in longer cooking times. The full
reason for this phenomenon is not completely understood, but one of the most plausible
hypotheses is the pectin-cation-phytate mechanism [223,239,242]. This model suggests that
pectin methylesterase activity causes demethoxylation of pectin, and the hydrolysis of phytate by
phytase results in the release of divalent cations, like Ca™ [243]. Cross-linking of these ions with
pectin results in pectate compounds that are insoluble or more thermally stable [223,239,243].
Our findings that both NaCl and NaHCO3 soaking solutions help reduce cooking time align with
the pectin-cation-phytate model for the HTC phenomenon. Both of these soaking solutions

contain the monovalent ion Na*, which could play a role in increasing protein solubility and/or
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ion exchange, replacing some of the divalent cations like calcium and thereby weaking the cross-
linkages that slow pulse softening [244].

Adding salt to the soaking solution can improve the efficacy of soaking [17], but it is also
important to consider impacts on quality aspects, such as texture. Indeed, the different salts
appeared to impact the final texture of the beans. The NaHCO3 solution resulted in much softer
beans that were more prone to losing their firmness and being smooshed. Depending on the
desired result and intended use of the beans (e.g., dip, salad), consumers could view this as a
positive or negative effect. The NaCl solution did not seem to impact texture as noticeably.
However, more work on quality aspects and texture should be conducted before drawing
conclusions, as the current study was not designed to assess minute differences in final firmness
and texture. This could also include investigation into impacts on nutritional quality and the
content of various components such as lectins, oxalates, and tannins. For instance, previous
research suggests that soaking in distilled water can significantly decrease the content of lectins
and oxalates [17,139], but the research did not examine different cooking conditions and
elevation.

4.2. Effects of pH and Water Uptake on Cooking Time

It has also been proposed that pH plays an important role in cooking time, with alkaline
conditions promoting B-elimination depolymerization of pectic polymers and improved
solubilization [223]. Indeed, NaHCO3 soaking solutions had a higher pH (see Table 4.3), and
they also resulted in the fastest cooking times. The results showed that alkalinity was not the
only determinant of cooking time, as the pH of the water only and the NaCl solutions were
similar, yet the NaCl conditions had faster cooking times. Ultimately, it appears that type of salt

(both the cation and anion) and pH both affect cooking time.
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In some studies, differences in water uptake have been attributed to different genotypes
[170,231]. This study shows that water uptake clearly differs from other factors, too (see Table
4.3). For instance, water uptake was often much lower in Nebraska than in Michigan, with
average water uptake percentages for overnight soak conditions of 37.1% versus 89.7%. The
difference was less dramatic when the quick soak method was used, suggesting that this method
may result in more even water uptake. However, this only sometimes resulted in faster cooking
times when overnight and quick soak were compared for the same salt added. Slight differences
in how the experiment was conducted between sites cannot be ruled out as the cause for the
differences seen. For example, the temperature of the soaking water influences hydration, with
higher temperatures increasing the hydration rate [224]. This could be one reason for the lower
water uptake rate in the higher elevation Colorado site versus the lower elevation location,
despite testing having occurred in the same month. Another important factor is starting seed
moisture, which should be in the range of 10-14% for optimal uptake [129].

4.3. Interaction of Elevation and Cooking Conditions

As shown in Table 4.2, a significant interaction effect was found, indicating that the
effect of elevation depends on the cooking condition. When examining Figure 4.2, it is apparent
that cooking time tends to increase with higher elevation. Yet, for elevations within the same
cooking condition, the 95% CI are often overlapping, with the occasional exception of the
highest elevation. Levene’s test was found to be significant, likely due to factors like limited
sample size, variation among sites (e.g., different technicians, temperature, age of the beans
when tested), and the nature of the Mattson cooker procedure. For instance, for the Mattson
cooker procedure, seeds that have imbibed water well are selected to be tested in the cooker,

eliminating beans with less water uptake. This cannot be done for unsoaked samples. Also, water
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uptake varied with quick and overnight soaks. However, it is notable that water uptake
percentage was not consistently associated with faster or slower cooking times within conditions,
so this may not be of concern.

Table 4.2 shows that there can be a fair amount of variation for cooking time readings,
even within the same elevation and cooking condition (Table 4.2), with the largest standard
deviations evident in the Leadville, Colorado (i.e., the highest elevation) and Scottsbluff,
Nebraska locations. As previously discussed, fewer replicates were conducted in Leadville,
which could be one reason for this. Also, Nebraska had the latest testing date and the oldest
beans, which could cause more of the HTC phenomenon and challenges with quick, even
cooking.

When examining different elevations within the same cooking condition, quadratic fits
were determined to be more appropriate, as shown in Table 4.5. However, the difference
between the amount of variation accounted for between the quadratic and linear fits decreases
with soaking (from about 12.8% for the no salt, no soak condition to 8.9% and 5.7% for the only
water quick and overnight soaks, respectively).

4.4. Development of a Consumer Resource

One critical new contribution made by this study was the synthesis of findings from the
current study with those in the literature to create an Extension handout with practical, accessible
information and tips to cook dry beans. The handout specifically addresses the consumer barrier
of long cooking times, as well as points of potential confusion to help mitigate confusion and
ensure a more positive cooking experience. Thus, in addition to data collection on cooking times,
a translational research approach [154] was incorporated so that helpful information can reach

the public, something which previous studies have not done.
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It is important to conduct translational research and share findings with the public.
Accordingly, the study results and scientific literature were synthesized into a consumer resource
(see Figure 4.4) for distribution through the Colorado State University Extension network. Most
of the literature referenced in the consumer resource has already been discussed in this paper.
Additional references cited to distill helpful cooking tips for consumers were about the
importance of good storage conditions and avoidance of high heat and high humidity [243,244],
and the fact that acidic ingredients can slow softening [245] and thus should be added at the end
of the cooking process. The issue of elevation was also prominently addressed, as many
consumers in states like Colorado express challenges about cooking beans, and this could largely
be due to the higher elevations at which many individuals live. By providing consumers with this
information, the chances that they have a more positive experience cooking pulses — and can do
so more quickly — improves, helping reduce a key barrier to cooking dry pulses and promoting

healthy dietary patterns.
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@ COLORADO STATE UNIVERSITY

Tips for Cooking with Dry Beans and Other Pulses

Are you locking for ways to incorporate dry beans and other pulses in your kitchen routine but wanting to
shorten cooking time? 'Pulses’ include dry beans, in addition to chickpeas, dry peas, black-eyed peas, and
lentils. Here are some helpful tips!

Soak
Soaking gives pulses time to spak up water before you begin coocking, shortening cooking
time. However, avoid using hard water because it can prevent pulses from softening.

Add Salt

There is a common myth that adding salt prevents dry beans from softening. However,
adding salt actually shortens cooking time and can improve appearance by helping prevent
g <0 pulses from bursting open during cooking. Plus, it adds flavor.

Hold Acidic Ingredients Until the End

Acidic ingredients—Ilike lemon juice or tomatoes—can prevent pulses from softening. If you
are adding a large amount of acidic ingredients, wait until the end, when the pulses have
already softened.

Store Beans Well
Pulses that have not been stored properly can dry out sooner and will become harder to
cook. Store pulses in a well-sealed container in a cool, dark, dry place.

Find Fresh Beans

As pulses age, they lose moisture. The drier they become, the longer it can take for them to
cook, and eventually it may be almost impossible to get them to soften, even with extended
cocking. Try to purchase pulses that have been harvested more recently.

Pick Your Pulse
Some pulses cook much faster than others. For example, lentils do not need to be soaked
and they cook quickly, especially red lentils.

Remember Elevation

Pulses take longer to cook at higher elevations, so a pressure cooker can be your friend and
speed up cooking. Cooking times need to be adjusted accordingly, even in an electric
pressure cooker. The recommendation is to increase cooking time by 5% for every 1,000 feet
above 2,000 feet elevation, so cooking at 7,000 feet above sea level may take 25% longer.

Fun in the Kitchen! Food Science in Action
Save the aquafaba, or the cooking liguid from different pulses. It whips up like egg
whites and can be used as a vegan egg white substitute.

@ Colorado State University Extension. 2022

Caiarodo Stre Limvers

Figure 4.4. Extension handout on how to reduce pulse cooking time.
4.5. Limitations and Future Directions

As discussed above, there were several limitations in this study. The overlapping error
bars (reflecting average cooking time = SE) on Figure 4.2 combined with the significant result

for Levene’s test suggest that the Mattson cooker procedure, although informative for trends in
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cooking time, should be made more robust to differences that could be expected among different
technicians and site locations. This variation highlights that it is important to conduct replicates
and not rely on a single reading to determine cooking time if using a Mattson cooker.

Future studies should consider monitoring other variables, such as temperature, that can
impact water uptake and potentially cooking time. Also, it would be ideal if the same instruments
could be used to assess pH and moisture content. However, when conducting a multi-site
experiment that also requires travel to locations far from the laboratory (i.e., Leadville,
Colorado), some variation is inevitable, which again highlights the need for replication. More
preferable would be the development of a procedure that is more robust to inherent variation
among technicians and locations.

In addition, future work could investigate the impacts on nutrition of the different
cooking conditions. Studies suggest that shorter cooking times can have better nutrition
[246,247], which adding salts like NaCl and NaHCOs to the soaking solution can help promote.
At the same time, it would be important to know how much sodium is contributed by adding
these salts, especially for those on salt-restricted diets. Moreover, other research has found that
soaking in an alkaline solution (as would be the case with NaHCO3) can result in the leaching of
vitamins like thiamin, riboflavin, and niacin from legumes, although the actual amount varied
with the type of pulses, and bioavailability was not considered [248]. However, another study
found that soaking in NaHCOj3 resulted in improved antioxidant activity [249]. Thus, information
on the impacts of different cooking conditions on nutritional content for a wide array of pulses
would be beneficial, ideally taking into account bioavailability.

Another critical aspect to consider in future research is quality issues, such as impacts on

texture. Although the 80% pin drop time for the Mattson cooker has been found by a trained
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sensory panel to equate to fully cooked samples based on mouthfeel [236], it would be helpful to
collect sensory evaluations to assess whether cooking methods affect consumer perception of
aspects such as mouthfeel and flavor, as may happen when salts are added [250]. If baking soda
has any adverse effects, one option is to use baking powder instead, which has also been found to
reduce cooking time and improve nutritional and quality properties in fava beans [251].

Lastly, studies on the effect of the Extension consumer resource on actual behavior
change and pulse preparation and consumption habits could benefit future translational work.
Surveys to collect this data could be integrated into research.

5. Conclusions

Increasing pulse intake can offer a host of benefits for both human and environmental
well-being. To make higher pulse intake more accessible and attractive to consumers, it is
important to address potential barriers to intake. Long cooking time has been established as one
of the major barriers faced by the public. Shorter cooking times are more convenient, and they
may help preserve nutrition. Plus, they result in more efficient fuel utilization, which is
especially important in regions where access to fuel is limited and those preparing the food are
exposed to higher levels of pollution due to exhaust from the cooking processes. This research
provided insights into the effects of elevation and several different, consumer-accessible cooking
conditions that can greatly reduce cooking time, making the cooking of dry pulses more feasible.
Providing the public with simple, affordable, consumer-accessible tips to shorten cooking time is
a key step in mitigating the large barrier that cooking time poses to more pulse-centric diets.
Thus, results were synthesized along with findings from the literature to create a handout for

consumers that is being disseminated through the Extension network.
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CHAPTER 5: CONCLUSION AND FUTURE DIRECTIONS

Summary

The work described in this dissertation details how to adopt a translational research approach to
promote greater pulse intake, with the ultimate long-term goal of advancing the well-being of
people and planet via healthful, sustainable dietary patterns. Three main studies comprised this
research: 1.) the development and evaluation of an Extension Bean Toolkit; 2.) designing the
Bean Cuisine and engaging citizen scientists; and 3.) examining consumer-accessible cooking
methods to shorten cooking time for dry pulses and integrating findings with evidence in the
literature to create a handout for public dissemination. Throughout these studies, the aim was to
understand consumer challenges and interests, to then motivate higher pulse intake by addressing

consumer barriers while emphasizing motivators.

1. Conclusions

In Chapter 2, the conducting of a Food Habits Survey provided insights into information
such as consumer ranking of the importance of barriers and motivators that impact pulse intake
and current pulse preparation and consumption habits. In conjunction with a review of the
literature, this informed the design of the Extension Bean Toolkit, which included the
development of a bean calendar and associated recipes and website pages, the creation of several
handouts to help consumers cook pulses, writing of pulse-related blog posts, regular monthly
social media outreach, and the 1-hour online class, Beans: Good for You, Good for the Planet.
Thus, the Extension Bean Toolkit reached consumers with pulse information via multiple

platforms. Participation in the Extension class resulted in significant gains in knowledge about
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pulse nutrition and health benefits, the versatility of pulses, and how to cook dry pulses. Notably,
participants also saw significant increases in the importance of motivators of pulse consumption
and decreases in the importance of barriers (i.e., barriers did not discourage them as much after
taking the class). Before participating in the final Extension class, protein was considered the
most important nutritional motivator, but dietary fiber ranked most highly after the class. Taste
was rated as the most important of the other motivators (i.e., non-nutritional motivators) prior to
the class, but after participating, health benefits were considered the most important. The barrier
that saw the greatest decrease in importance due to class participation was that of being unsure
how to prepare pulses, indicating that the class successfully inspired people with ideas for how to
regularly incorporate pulses in the diet. About three-fourths of participants stated an intention to
increase pulse intake due to the class, and indeed a significant increase in the frequency of pulse
intake (p = 0.004) was observed after the validation class.

In Chapter 3, the focus was the creation of the Bean Cuisine and testing with citizen
scientists to improve upon the cuisine and make it attractive to a wider audience, in addition to
evaluating the impacts of participating in this citizen science project. The Bean Cuisine
comprises of 56 pulse-centric recipes corresponding to 14 days (i.e., 2 weeks) with unique
breakfast, lunch, snack, and dinner recipes for each day [161]. The Bean Cuisine was developed
to visualize what 35% of dietary protein coming from pulses may look like, due to recent
preclinical findings suggesting that major benefits for gut health and body weight management
are achieved at this level of pulse intake or above [95,96]. Assessment in Nutritionist Pro
confirmed the Bean Cuisine is a healthy meal plan that meets nutritional recommendations.
Fifty-six citizen scientists participated, providing feedback on the four recipes they were

assigned, and a 100% response rate was achieved. After modifying the Bean Cuisine per citizen
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scientist input, representative recipes were tested with a sensory panel. Citizen scientists showed
significant increases in all three areas of pulse knowledge that were assessed: nutrition and
health, versatility, and how to cook dry pulses. The greatest gain in knowledge occurred for pulse
versatility, with the average baseline score of 3.39 increasing to 4.38 after participation (on a 5-
point Likert scale of 1 to 5, with 5 representing high knowledge). This suggests that one of the
primary barriers to greater pulse intake — unfamiliarity with how to prepare pulses — is mitigated
through participation in such a project. Over 70% of citizen scientists indicated they now try to
eat more pulses as a result of participation, and they also reported an increase in the likelihood of
trying to purchase local pulses. Importantly, an analysis of free response data suggested that
citizen scientists were acting as pulse advocates, sharing information about the benefits of pulses
with their communities and engaging their social circles in trying the Bean Cuisine recipes.
Citizen scientists also expressed having a positive experience and being willing to participate in
future citizen science research.

In Chapter 4, pinto beans were cooked at four locations with different elevations, and
seven cooking conditions were examined in replicate. Shortening cooking time is important to
reduce the barrier of long cooking times. All cooking conditions were consumer-accessible,
using ingredients and tools that most consumers already have in the kitchen. In addition to a
comparison condition of no soak and no salt added, the other six cooking conditions were
derived from a combination of 1.) one of two soaking methods: quick soak or overnight soak;
and 2.) one of three salts added to the soaking water: none, sodium chloride (i.e., table salt), or
sodium bicarbonate (i.e., baking soda). Cooking time dramatically increased with elevation, with
the longest cooking times observed for the highest elevation. Soaking — either overnight or via

the quick soak method — helped to reduce cooking time. The addition of salts to the soaking
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water further reduced cooking time, with the sodium bicarbonate soaks resulting in the shortest
cooking times. This information was synthesized along with other findings from the literature to
create an Extension handout to provide consumers with helpful tips to cook dry pulses more
quickly in the home.

The three studies described herein comprise a translational approach that utilizes the
components of the Information-Motivation-Behavioral Skills (IMB) model [151] to encourage
the healthy behavior change of higher pulse intake (shown in Chapter 1, Figure 1.9). Information
about the benefits of pulses and how to prepare them was made available to the public in the
form of various Extension resources and the class, the citizen scientist training and toolkit, and
the handout on how to cook dry pulses faster that resulted from the cooking time study. Personal
motivation was appealed to through making individuals aware of the many benefits that pulses
have to offer that are desirable to consumers (e.g., taste, versatility, human health, affordability,
sustainability). Social motivation could occur through feeling they were part of a community of
learners. This was most prominent in the Bean Cuisine citizen science project, but it also
occurred in the Extension class, where individuals actively engaged in the chat and shared about
their favorite pulses and recipe ideas. Information to hone the behavioral skills required to
prepare pulses was provided as part of all three studies. However, behavioral skills were most
actively practiced with the Bean Cuisine citizen science project, where all citizen scientists were
provided with tips to prepare pulses and assigned four recipes, and then had to actually make the
recipes and provide feedback. Based on evaluation of the survey data, this combination of
information, motivation, and behavioral skills appeared to help encourage uptake of the desired

health behavior of increasing pulse intake.
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Overall, this research has addressed several knowledge gaps in the field, such as using a
Mattson cooker to evaluate how elevation can impact cooking time at multiple sites, taking into
consideration consumer-accessible cooking methods. Moreover, it has resulted in a better
understanding of consumer barriers and motivators as relate to pulse intake. The Bean Cuisine
was developed to realize and assess feasibility of the preclinical finding that benefits for gut
health and healthy weight management appear to be attained when 35% or more of dietary
protein came from pulses [95,96]. Testing the Bean Cuisine with citizen scientists built upon the
limited number of citizen science projects in nutrition and food research, demonstrating the
positive potential that citizen science can have in these fields. Multiple Extension resources —
including the Extension class — were all developed as part of the Extension Bean Toolkit and are
resources that will continue to be available for public benefit. To the best of my knowledge, this
is the first research to evaluate how participation in a citizen science project or pulse-related
class have impacted participant knowledge of pulses, the importance of barriers and motivators
that affect intake, and pulse preparation and consumption habits. This type of translational
research can serve as a model for other translational research and public health outreach through
Extension or other organizations.

2. Limitations and Future Directions

Limitations and future directions have been addressed in more detail at the end of the
discussion sections for Chapters 2, 3, and 4. In summary, in the Bean Cuisine citizen science
project and Extension Bean Toolkit research, engaging a more diverse audience — both in terms
of sociodemographic diversity and participant interest level in pulses — would help broaden
generalizability of findings and better meet the needs and interests of more communities. Also,

there is a need for a survey instrument that allows for the collection of more detailed information
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on the frequency, amount, and types of pulses and pulse dishes consumed. Such an instrument
would allow for an improved understanding of consumption behaviors and permit researchers to
extract successful strategies used by those who attain high levels of pulse consumption to then
provide others with helpful tips. In addition to online translational research, it would be helpful
to expand into offering in-person classes to provide hands-on opportunities to cook with pulses,
as this could build participant skills and confidence in using pulses. It would also be informative
to gather data on the impact of participation in this pulse-related translational research on longer-
term pulse preparation and consumption behaviors. With regards to the study investigating the
impacts of elevation and cooking condition on cooking time, it would be beneficial to assess
whether the handout developed was found helpful by consumers, and whether it influenced their
behavior.

Two future research projects that would help expand the reach of this translational
research are a massive open online course and a National Bean Registry. Massive open online
courses (MOOCs) provide the opportunity to expand access to free online courses globally [252].
To help broaden reach, colleagues and industry partners could help initially spread the word,
along with citizen scientists and class participants. Using findings from this research, colleagues,
and the literature, course content would target areas of interest, motivators, and barriers. There
could be several tracks (e.g., citizen, healthcare professional, educator, culinary professional,
product developer, grower) such that individuals can choose to focus on information and skills
most pertinent to them. Through application of successful strategies and principles of multimedia
learning applied in other successful MOOC:s, it is possible that a bean MOOC would have the

potential to reach millions of people over the course of several years [197].
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The National Bean Registry (NBR) is modeled after the idea of the National Weight
Control Registry, which provides key insights into behaviors that support long-term weight loss
and maintenance [196]. Similarly, the NBR (see Figure 5.1) would catalog lifestyle patterns and
behaviors of pulse consumers that promote sustained, regular high pulse intake. Also, the
behaviors, strategies, and dietary patterns of consumers with different levels of pulse intake
could be compared. Together, this would allow for the extraction of relevant, accessible tips on
how to increase pulse intake. Thus, the NBR could help move the needle on the adoption of a
consumer behavior that can simultaneously benefit human and environmental health: pulse-

centric dietary patterns.
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Personal experiences of high bean Health benefits of
consumers from diverse interest to consumers
socioeconomic, social, and cultural are presented in a

groups are collected and shared searchable fashion

Relatable Relevant

N\ /

Q NATIONAL BEAN
I REGISTRY

Anecdotes from small- and Delicious and simple ways to enjoy more Meals and snacks are
large-scale bean growers beans and reap the benefits! priced out to
around the globe help l demonstrate the

people feel connected to economic benefits of

sustainability benefits Realistic beans

%8

Delicious and culturally The bean registry is promoted
appropriate meal and snack through organizations and
tips emphasize the culinary word-of-mouth

versatility of beans

Figure 5.1.'2 National Bean Registry. The National Bean Registry should emphasize desirable
health outcomes of pulse consumption through personal anecdotes and experiences of high-pulse
consuming representatives from diverse social, socioeconomic, and cultural communities. This
encourages individuals to feel that the tips and health benefits are more relevant, relatable, and
realistic.

2This figure was modified from the original that was already published with the journal Legume
Science and can be found online at: https://onlinelibrary.wiley.com/doi/full/10.1002/leg3.147.
Instead of being titled the “National Pulse Registry” like in the publication, it is now called the
“National Bean Registry” due to greater familiarity with the word bean. Citation information is as
follows: Didinger, C.; Thompson, H.J. The role of pulses in improving human health: A review.
Legume Sci. 2022, 4, e147.
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3. Food Systems Considerations

Beans and other pulses can offer a multitude of benefits. However, it is important to
recognize that there are still gaps that should be addressed, both in research and in food systems-
related components and processes, such as supply chains. For example, although the
consumption of pulses has been associated with a reduction in the risk for chronic disease, the
ideal serving size to achieve and maximize this risk reduction has yet to be identified [9]. This is
partially due to the challenges faced in many of the human studies to-date, such as low sample
sizes, confounding lifestyle characteristics of participants, challenges with dietary assessment
data, and lack of a tool to adequately assess pulse intake [6,24]. To help elucidate ideal serving
size, there is need for robust clinical studies that take into account sociodemographic differences
and the development of a dietary assessment tool — like a food frequency questionnaire — that
better assesses pulse intake. For consistent messaging, a clear recommendation about intake level
supportive of optimal human health is key. Moreover, a better understanding of ideal serving size
will clarify key food systems components that must be addressed to realize increased production
and consumption levels that result in improved nutrition and human health impacts.

Similarly, multiple factors should be considered when determining how to optimize the
environmental benefits of pulses. Pulses use less water than many other foods and sources of
protein [122], and they can result in the generation of significantly lower greenhouse gas
emissions [103], especially when compared to red meat like beef. However, many of these
comparisons that calculate differences in greenhouse gas emissions assume feedlot production of
beef, which is the prevalent method in countries like the United States [105]. Even though much
meat is produced in this resource-intensive manner, this is in stark contrast to some other more

sustainable production models. For example, dairy and meat production from sustainably grazed
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animals raised on lands unsuitable for cropping can provide positive nutrient cycling and
improve food security [107,253].

Furthermore, it must be acknowledged that a simple substitution of beans for beef is not
always feasible because of considerations like location, growing conditions, and supply chain
logistics. For one, some land that is used to produce cattle may not be suitable for pulses due to
factors such as soil composition, meaning that a recommendation to grow pulses instead of beef
is not always possible. Or, even if pulses could be grown, some marginal land may only be
suitable for producing certain types of pulses, which can be in lower demand and not have as
well-developed supply chains as other pulse types. For example, pulses like horsegram and
tepary beans have been found able to grow on dry land with poor fertility [254,255], yet these
pulses are not popular in countries like the United States. Overall, this suggests that even though
producing pulses instead of animal proteins can offer environmental benefits, transitioning land
from animal production to pulses can present challenges. Another nuance to consider is that
pulses may have different potential benefits. For instance, nitrogen fixation levels are impacted
by factors such as type of pulse and growing environment [112,119,256,257]. This is an
important consideration, as the amount of nitrogen fixed can in turn help reduce fertilizer needs
and provide benefits like improvements in soil health and water quality. Defining impacts on
outcomes like soil health and gaining an improved understanding of which pulse crops can
successfully grow in different locations will be essential to maximize environmental benefits.

In addition to ensuring that land is indeed favorable for growing pulse crops, there are
other considerations, including localized issues like demand, access to seeds and farming
technology, presence of processors, and supply chain logistics. For growers to choose to produce

more pulses, there must be demand, as well as access to supply chains that allow for processing
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and distribution to potential markets. Just as different locations have varying environmental
factors that impact the ability to grow pulses, there will be localized challenges that require
unique approaches to develop or bolster supply chains.

A current research project underway in the United Kingdom, Raising the Pulse, takes
many of these factors into consideration [258]. With the goal of improving consumer health and
sustainability within the UK food system, fava bean production systems are being targeted in
collaboration with key stakeholders in industry, retail, research, and government. Within the
multidisciplinary project, there are five key projects to ensure a holistic approach and cutting-
edge innovation across components of the food system. This spans from evaluation of the
environmental impacts of producing fava beans with improved nutritional quality, to the
development and sensory evaluation of nutritious pulse-based products (e.g., bread using fava
bean flour), to a campus-wide campaign and intervention in student dining halls [258]. Through
adopting a system perspective, this project recognizes the nuances of shifting trends in pulse
production and consumption, and it will serve as an informative model for future work.

Overall, a transdisciplinary approach that involves collaboration among many
stakeholders at different levels of the food system will be necessary to achieve long-term,
impactful changes to production and consumption behaviors on local, regional, and national
levels, and ultimately on a global scale. Even within the same country, strategy success is
influenced by factors like region and urban versus rural. Therefore, moving forward, a holistic
approach that considers the nuances of food systems is necessary to successfully capitalize on the
environmental and human health benefits that pulses can offer. The adoption of a healthy
behavior like increased pulse consumption can only occur with collective action towards this

goal.
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	2. Materials and Methods
	2.1. Food Habits Survey Development
	To inform the development of the Extension toolkit and class, an online survey was developed in Qualtrics. The survey was conducted to better understand consumer viewpoints, behavior, and preferences. The lead author developed the survey questions bas...
	After modifying the survey per expert feedback, a pilot was conducted to measure reliability, or the ability of the survey to produce consistent results [167]. To assess test-retest reliability, the survey was administered at two time points approxima...
	For non-free response questions, Spearman correlations measured correlations between the test and retest scores for ordinal and/or Likert-type data [167]. Generally, survey items are considered reliable when they have a correlation coefficient of at l...
	Based on Spearman and agreement values, as well as any feedback received, questions were either removed or modified as needed, with decisions reached via researcher corroboration. The wording of all questions and response options was reviewed. Modific...
	 Question removal. For example, one of the original questions asked about the elevation at which participants live, which can influence cooking time of dry pulses [169-171]. Participants were directed to a site to tell them their elevation. This ques...
	 Response option removal. For several questions, the option of “other” was removed because no one filled in this response, indicating the provided response options were sufficient. The consulted experts also did not suggest other response options.
	 Question and/or response option wording clarification. For several questions, statements that clarified that more than one option could be selected were added.
	This survey was an integral part of the formative evaluation and development of the Extension Bean Toolkit and class. The final Food Habits Survey can be found in Supplementary Materials S2.1. A link that provided access to the survey was distributed ...
	2.2. Development of Toolkit Components
	The components of the CSU Extension Bean Toolkit were developed based on the findings from the Food Habits Survey, a review of the literature, and input from experts and Extension colleagues. For instance, our recent study on how elevation and cooking...
	The purpose of the toolkit was to educate consumers on the benefits and versatile uses of pulses and provide accessible cooking tips, thereby helping to increase knowledge and awareness of pulses. The Information-Motivation-Behavioral Skills (IMB) mod...
	 A bean calendar. The bean calendar, Bean Appetit, had an introduction with background about pulses and practical cooking information. Each month contained a photo, a short caption, and a QR code that linked to a recipe and/or other related page with...
	 Social media. Monthly social media posts were designed and posted from January 2022 to October 2023. The first year of posts were associated with the months of the bean calendar. The second year of posts addressed other topics of consumer interest, ...
	 Handouts. Two main CSU Extension handouts were developed, one titled “Cooking Dry Beans” and the other “Tips for Cooking with Dry Beans and Other Pulses.” The handouts were distributed as part of the Extension class, as well as being made available ...
	 Blog posts. The lead author wrote several pulse-related blogs on Live Smart Colorado, a CSU Extension blog run by Family & Consumer Science Extension Agents and Specialists at CSU.
	2.3. Designing and Conducting the Extension Class
	Class topics were informed by areas of consumer interest and motivators and barriers for pulse consumption, as determined by the Food Habits Survey and a review of the literature [128,130,133]. To structure the class, a farm-to-table approach was deci...
	The 1-hour online class was offered through Zoom and was promoted through the Extension network, colleagues, CSU emails and newsletters, and social media. All surveys were designed in Qualtrics. Questions came from previous Extension class surveys and...
	2.3.1. Validation Class
	After the design of the class, an initial testing of impact was conducted, herein called the validation class. The lead author worked with CSU Extension agents throughout the state to promote the class, holding six different class sessions in partners...
	Participant feedback was positive, and no modifications to the slides were necessary. However, a couple of points were incorporated into the final class. One, people requested more recipe information. However, there was not adequate time in the class ...
	 Original wording: “How important are the following in discouraging you from eating pulses? 'Important' reflects a factor that discourages you. 'Unimportant' represents a factor that does not discourage you.” Response options ranged from “very import...
	 Modified wording (asked twice, to assess importance before and after): “BEFORE/AFTER the class, how important were the following in discouraging you from eating pulses?” Response options ranged from “highly discourages” to “does not discourage.”
	2.3.2. Final Extension Class
	For the final class, only one survey was administered, immediately following the class. This reduced respondent burden and increased the likelihood of gathering complete data from participants, as opposed to an incomplete set of responses to a multi-s...
	1. On a scale of 1 (low) to 5 (high), how would you rate your knowledge of the following BEFORE the class?
	2. On a scale of 1 (low) to 5 (high), how would you rate your knowledge of the following AFTER the class?
	In addition to CSU Extension, outside venues also hosted the class, such as the Denver Botanic Gardens. As with the validation class, participants were sent a follow-up email with the CSU Extension bean handouts and links to recipe resources on Food S...
	2.4. Statistical Analyses
	All statistical analyses were conducted in IBM SPSS Statistics version 28 (IBM Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp.). Statistical analysis to assess test-retest reliability of the Food Habits Survey...
	For free response data, the lead author utilized an inductive approach, beginning with opening coding [178,179]. All free response data was reviewed to create categories and subcategories, which were updated as the analysis progressed [133,180,181]. V...
	3. Results
	3.1. Food Habits Survey
	A total of 940 individuals completed the Food Habits Survey (see Supplementary Materials S2.1 for the survey questions). There was higher participation by White, educated females: 82.8% of participates selected White as their ethnicity, nearly 33% had...
	3.1.1. Pulse Intake Frequency and Preparation Habits
	When asked about frequency of pulse intake, the most frequent response was “1-3 days per week” (n = 438, or 46.6%), as shown in Table 2.1. When “never” was coded as 1 and “every day” as 6 (i.e., higher numbers corresponded to more frequent intake), av...
	*On the survey, this response option was phrased as “several days per year, but less than 1 day per month.”
	Most participants reported that they were omnivores (n = 680, 72.3%), followed by pescatarians (n = 106, 11.3%), vegetarians (n = 84, 8.9%), and vegans (n = 69, 7.3%). When examining frequency of pulse intake by dietary pattern, it is evident that tho...
	Participants provided information about their pulse cooking and consumption habits. The majority of individuals (n = 882, ~94%) had cooked with dry pulses at least once before. This is a high percentage and may represent a bias or limitation. However,...
	Table 2.2. Average frequency of pulse intake, by dietary pattern.
	*A larger number represents more frequent pulse intake, where 1 = never, 2 = several days per year, but less than 1 day per month, 3 = 1-3 days per month, 4 = 1-3 times per week, 5 = 4-6 days per week, and 6 = every day.
	Soaking dry pulses was a common practice among those who cook dry pulses. Only 63 of the 882 people who cook dry pulses indicated that they never soak before cooking. The most common response option when asked “How likely are you to soak dry beans and...
	Respondents were also asked about what influenced their decision to use salt when cooking with dry pulses. This question was asked to the 882 individuals who indicated they have cooked dry pulses before. It was evident that there is confusion about th...
	3.1.2. Pulse Preference and Form in Which Pulses Are Eaten
	Respondents were asked about how much they liked five main types of pulses, with results shown in Table 2.3. Dry beans were the favorite type of pulse (n = 803 like dry beans), followed by chickpeas (n = 766). Cowpeas (also called black-eyed peas) and...
	Table 2.3. Respondent liking of five main types of pulses.
	*Pulses were clarified with the following wording in the survey: chickpeas (also called garbanzo beans); cowpeas (also called black-eyed peas); dry beans (pinto, black, kidney, etc.); dry peas (split peas). **To calculate the mode, “have not tried” wa...
	Participants also indicated how they have eaten pulses in the last year. They were provided with a list of types of pulse dishes and could select multiple options. Table 2.4 indicates the breakdown of how respondents reported eating pulses. Pulses mix...
	Table 2.4. How respondents ate pulses within the last year.
	*This is the number of individuals who selected yes when asked if they ate this type of pulse dish within the last year.
	3.1.3. Motivators and Barriers to Pulse Intake
	Respondents also indicated the relative importance of various motivating factors to eat beans. Table 2.5 shows how respondents rated the importance of nutritional factors of beans. As shown in the table, protein and fiber were deemed the most importan...
	Table 2.5. Importance of nutritional motivators to Food Habits Survey respondents.
	Participants were asked “How important are the following nutritional aspects of pulses in motivating you to eat them?” *A higher average score indicates greater importance, with 1 = very unimportant, 2 = somewhat unimportant, 3 = neutral, 4 = somewhat...
	Table 2.6 lists other motivational reasons for eating pulses, beyond the nutritional factors shown in Table 2.5. Based on the results shown in Table 2.6, taste was the most important factor for survey participants, with nearly 91% indicating this was ...
	When asked about potential barriers to pulse intake, the most important barriers were long cooking times (with n = 472, 50.5% ranking this as important), concerns about flatulence (n = 366, 39.0%), and being unsure how to prepare pulses (n = 287, 30.8...
	Table 2.6. Importance of other motivators to Food Habits Survey respondents
	Participants were asked “How important are the following reasons in motivating you to eat pulses?” *A higher score indicates greater importance, with 1 = very unimportant, 2 = somewhat unimportant, 3 = neutral, 4 = somewhat important, and 5 = very imp...
	A question about barriers to cooking with dry pulses was also asked, but in a different format. Respondents were asked whether “any of the following ever prevented you from cooking with dried pulses? Please select all that apply.” Response totals are ...
	Table 2.7. Barriers to cooking dry pulses.
	*This is the number of individuals who selected yes when asked, “Have any of the following ever prevented you from cooking with dried pulses? Please select all that apply.”
	3.1.4. Topics of Interest and Preferred Resource Format
	The main purpose of the survey was to use findings – in conjunction with expert input and the literature review – to inform the development of the Extension class and toolkit resources. Thus, respondents were asked about topics of interest and preferr...
	Most individuals indicated that they would prefer an online class (n = 555, 59.0%) to an in-person class (n = 136, 14.5%), and n = 231 (24.6%) selected no preference. Due to this response and the ability to reach audiences with a wider geographical sp...
	3.2. CSU Extension Bean Toolkit
	3.2.1. Bean Calendar
	One thousand copies of the Bean Appetit calendar (see Figure 2.1) were printed and broadly distributed. Although most of the calendars were given to Coloradans due to the nature of the project and its ties to CSU Extension, calendars were sent to peop...

	(a)          (b)     (c)
	Figure 2.1. Bean calendar. (a) Bean Appetit calendar front cover; (b) back cover (the final printed version also contains the logo of the printing company in the bottom right); (c) an example of text and the associated QR code that links to the Food S...
	3.2.2. Social Media
	Monthly social media posts were published on Food Smart Colorado’s social media platforms, Instagram and Facebook. Figure 2.2 shows examples of the images, which were also supplemented by captions with helpful information and links to accompanying pag...

	(a)       (b)          (c)
	Figure 2.2. Food Smart Colorado social media bean post images. (a) The January 2023 post directed people to the newly created bean handouts that were part of the Extension toolkit; (b) This March 2023 post shared nutritional and human health benefits ...
	Other organizations and individuals shared the social media posts, expanding audience reach. As of July 13, 2023, the post with the highest reach (n = 669) and engagement (n = 69) was from February 2022. This post shared the bean toast recipe from the...
	3.2.3. Bean Handouts
	Two new CSU Extension handouts were developed as part of the Extension Bean Toolkit. “Cooking Dry Beans” (find online: https://foodsmartcolorado.colostate.edu/cooking-dry-beans/) explained how to purchase, store, and cook dry pulses. “Tips for Cooking...
	3.2.4. Extension Bean-Related Blog Posts
	In 2022, the lead author wrote three pulse-related blogs on Live Smart Colorado, a CSU Extension blog run by Family & Consumer Science Extension Agents and Specialists at CSU that publishes weekly. For example, one of the blogs was about how beans can...
	3.3. Extension Class
	Sociodemographic data was only collected on the pre-survey, thus data was not collected for all participants in the validation class because not everyone completed the pre-survey. Therefore, demographic data is only shared for the final class, which h...
	On the validation class pre-survey, participants were also asked about what they hoped to learn in the class. This was one way to confirm whether the Food Habits Survey and literature review facilitated successful emphasis on topics of consumer intere...
	 Cooking and preparation tips (example quotes: “Tips to spend less time cooking dry beans,” “More about beans and ways to cook dry beans instead of canned,” and “More about easiest way to prepare dry beans incl ways to shorten prep time, resources fo...
	 Health information (example quotes: “Health benefits, how to prepare and recipes,” and “Ways to reduce gas in beans, ways to add beans to foods or recipes, frequency of eating that is the best for health”);
	 Benefits for the planet (example quote: “Ways that growing beans are beneficial to us and the earth”);
	 Diverse ways to use beans/recipes (example quotes: “I cook pintos 95% of the time and would like more diversity,” “New recipes and ideas for preparing pulses,” and “Perhaps some more ways to incorporate dry beans other than the traditional way I fix...
	 Convenient, tasty ways to eat beans more regularly (example quotes: “Fast cooking tasty recipes,” “I'd also like to have some easy to prepare recipes,” and “Tasty meals and snacks using pulses so I can consume more.”)
	3.3.1. Changes to Consumption and Bean Preparation Habits
	The validation class surveyed participants at multiple time points, allowing for follow-up about changes to consumption and preparation behavior. Forty participants filled out the pre-survey and 1-month follow-up surveys, which asked about frequency o...
	Figure 2.3. Changes in frequency of pulse consumption after participating in the validation class. “Less than 1 day per month” is shortened in the figure, but the full response option read “several days per year, but less than 1 day per month.” No par...
	Due to only having one time point for the survey, it was not possible to assess short-term changes in behavior for the final class as was done for the validation class. However, participants were asked if they were “more likely to regularly eat more b...
	3.3.2. Changes to Knowledge and the Importance of Motivators and Barriers
	The final class assessed participant knowledge about three different topics, as well as the importance of several motivators and barriers to pulse consumption (n = 86 completed the survey, although actual Zoom participant count was about 130). Table 2...
	Table 2.9. Importance of motivators* and barriers** before and after participating in the final Extension class.
	Table 2.9. Importance of motivators* and barriers** before and after participating in the final Extension class (cont.).
	3.3.3. Themes in the Free Response Data

	4. Discussion
	4.1.2. Pulse Preference and Form in Which Pulses Are Eaten
	4.3.1. Changes to Consumption and Bean Preparation Habits
	A similar trend in changes to pulse consumption was seen with the Extension class as was with our recent Bean Cuisine citizen science project [161]. This is notable because whereas the Bean Cuisine citizen science work involved interacting with partic...
	The Bean Cuisine participants demonstrated an increase in the usage of dry pulses as opposed to canned [161]. This was also seen in the current research, where 40.4% of respondents indicated that as a result of the class, they “started cooking with dr...
	Although several studies have found positive perceptions of canned beans [140,146], a recent study by Heer and Winham revealed that some Latinas have negative views of canned beans [150]. Due to the benefits of pulses for both human and environmental ...
	4.3.2. Changes to Knowledge and the Importance of Motivators and Barriers
	Evidence-based information was shared with the public via the Extension Bean Toolkit, and the impacts of participation in this translational research were evaluated for class participants. Levels of knowledge for all assessed pulse-related topics incr...
	There were several key differences in changes to knowledge after participation in the final Extension class as opposed to the recent Bean Cuisine citizen science project [161]. First, initial knowledge levels of the three areas assessed were lower for...
	Whether individuals participated in the class or as citizen scientists, the final knowledge scores were similar. Knowledge of pulse versatility was 4.39 for the Extension class and 4.38 for the citizen scientists, and how to prepare dry pulses was 4.4...
	For nutritional motivators, prior to participation in the final Extension class, protein was the most important (4.06), followed by fiber (3.99) (see Table 2.8). Protein and fiber were also the two most important nutritional motivators in the Food Hab...
	After the class, fiber scored most highly (4.76), followed closely by micronutrients (4.71) and protein (4.70). Micronutrients saw the greatest increase in importance, gaining 1.15 points on a 5-point Likert scale. This could be due to several factors...
	Regarding other motivators, taste (4.01) ranked as the most important prior to the class. This is in agreement with the Food Habits Survey findings and the literature, such as the report from Canada that determined liking the taste of pulses to be the...
	“Local” was the least important other motivator (i.e., non-nutritional motivator) both before and after the class, but it saw the greatest increase in importance. A magnified perceived importance of pulses being local also was observed in the Bean Cui...
	Participants rated long cooking times and being unsure of how to prepare pulses as the greatest barriers before taking the class. Interestingly, flatulence – which has been attributed to preventing some people from eating beans [134] – only had an ave...
	4.3.3. Themes in the Free Response Data
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