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U.S. consumer acceptance of
whole grains, local grains, and
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Introduction: Whole grains, including pseudocereals, provide a dual benefit:

they support human health and disease prevention and strengthen agronomic

and ecosystem functions through crop rotations. Despite numerous

epidemiological and intervention studies indicating their health promotion

and disease prevention benefits, however, only one percent of U.S. children and

eight percent of U.S. adults meet actual whole grain intake recommendations.

Recently, alternative grain networks as a type of grain system are emerging in

the U.S., with a vision of offering local grain products to consumers not only for

their benefit but also for that of the entire grain value chain.

Methods: The aim of this scoping review is to map existing literature on U.S.

consumer acceptance of whole grains, local grains, and alternative grain

networks, define knowledge gaps, and make recommendations for future

research. Following PRISMA-ScR guidelines, we systematically screened 14,155

articles, 32 of which met our inclusion criteria.

Results and discussion: The included studies were methodologically

heterogeneous, spanning randomized control trials, surveys, observational

studies, and qualitative methodologies. The studies examined whole grains,

bread, organic grain products, local grain products, and specific grain products.

Due to most of the included studies’ focus on whole grains, the main focus of

the scoping review is on whole grains. Collectively, the studies most frequently

reported on the following key factors impacting consumer acceptance of

whole grains: taste, price, knowledge, familiarity, attitude, and income/food

insecurity. Many of the identified barriers and drivers to whole grain intake were

similar to those in most other countries. Three articles examined consumer

acceptance of alternative grain networks and local grain products. These

articles, all using a qualitative, case study methodology, indicated that a select

segment of consumers are interested in these systems and products, without

quantitative measurement of consumer acceptance. The results of this scoping

review suggest that educational campaigns such as those focused on whole

grain identification, whole and local grain health and environmental benefits,

preparation techniques and recipes, community cooking classes and sampling
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events, and policy and research advances along the grain supply chain could aid 

in promoting consumer acceptance of whole grains, local grains, and alternative 

grain networks. 

KEYWORDS 

alternative grain networks, consumer acceptance, consumers, local grain economies, 
local grains, regional grain networks, whole grains 

Introduction 

Food systems are faced with a multitude of challenges 
in the twenty-first century, including the impacts of climate 
change on the content and quality of the food supply, 
biodiversity loss, the contribution of dietary patterns to 
environmental degradation, embedded forced labor, and 
the “triple burden” of malnutrition, a term which includes 
overnutrition (overweight, obesity), undernutrition (wasting, 
stunting), and nutritional deficiencies (1–3). An enhanced small 
grain sector, understood as one which prioritizes whole grains 
(WG) sourced locally, can help address these food systems 
challenges, as small grains play a well-researched and documented 
role through their agronomic and ecosystem benefits and their 
contribution to a healthy diet and disease prevention in their 
WG form (4). 

Most small grains are the edible seeds from the grass family 
Poaceae, including cereals such as wheat, oats, barley, rye, 
emmer, einkorn, sorghum, wild rice, and millet, and pseudocereals 
including buckwheat, amaranth, and quinoa (5). While there 
is extensive biodiversity of grains available to growers, both 
between and within species, both agriculture and nutrition 
are dominated by low-diversity systems. For example, in the 
U.S. monoculture system, wheat represents the third largest 
planted acreage after corn and soy. In addition, there are 
commonly only a handful of varieties predominantly grown on 
the landscape, such as in Minnesota, where a little over half of 
the planted acreage consisted of three varieties in 2024 (personal 
correspondence, MN Wheat Breeder). As follows, alternative 
small grains like oats, rye, and millet make up a marginal 
percentage of U.S. planted acres (6). As a result, commodity 
grain systems provide us with most of our grain products, and 
are characterized by centralized geographical growing locations, 
consolidated intermediate processing owned by multinational 
corporations, and refined grain (RG) products as the target product 
endpoint (7, 8). 

A growing body of research indicates that including a greater 
diversity of small grains in multi-year, corn- and soy-dominant 
rotations yields both agronomic and ecosystem benefits such 
as improved overall crop yield, soil health, and water quality 
parameters (9–12). Furthermore, adding small grains to crop 
rotations can diversify farmer income through new grain markets, 
including oering consumers local, value-added, small grains, a 
largely overlooked though burgeoning food in the local foods 
movement characterized by any small grain that is processed and 
used as food or beverage for human consumption (13, 14). As 
follows, alternative grain networks (AGNs), a type of local or 

regional food system that exist as alternatives to the conventional 
food system, are gaining traction on the landscape, establishing 
new markets for farmers, incentivizing intermediate processing 
infrastructure, benefiting local economies and communities, and 
oering value added, nutritious and delicious grain products to 
consumers (15). While the terms “local” and "regional" can be 
confusing due to the vague nature and multiplicity of definitions 
existing for these terms, we will use them interchangeably, and 
describe them as meaning grains, infrastructure, and markets 
oered within the region where a consumer lives, be that a 
state or a multi-state area (16). Similarly, while “small grains” 
is the technical term, we will use “small grains” and “grains” 
interchangeably. 

Value-added, small grain production systems, whether 
commodity or AGNs, have the potential to oer a variety of grain 
products in a variety of forms, and it is well-established that WG, 
grains that include the outer bran, starchy endosperm, and germ 
of the kernel in their original amounts are beneficial for human 
health due to their bioactive properties, including vitamins such 
as folate and phytochemicals such as lignans, and fiber (17, 18). 
WG consumption is known to decrease risk of cardiovascular 
disease, some cancers, weight gain and type 2 diabetes, along 
with benefiting the gut microbiome, with improvements in 
physiological measures (19–22). Conversely, a low intake of WGs 
is the second most significant contributor to global diet-related 
mortality rates (following high sodium intake), and the first 
when looking at disability adjusted life years (DALYS) (23). 
A modest 0.25 oz eq/day increase in WG intake would result in 
a U.S. one-year-CVD healthcare savings cost of $2.4B ($0.6B to 
$4.3B) according to Murphy and Schmier (24). However, while 
a large diversity of grains exists both within and among species, 
potentially oering a diversity of WG options, Americans consume 
mostly refined grains (RG), with most breads and pastas sourced 
from a handful of varieties of wheat, and tortillas from one to 
two varieties of corn (25). WG undergo milling and extraction 
processes to create RG, sifting o the bran and germ and leaving 
the starchy endosperm. Making RG took o around the 1870s 
in the U.S. with the introduction of roller milling due to the 
commercial baking industry’s desire to standardize, scale, and 
create white flour and cereal products, but these products are 
well known to be nutritionally inferior to WG (8, 26). As high-
glycemic foods, RG are associated with adverse metabolic eects, 
including increased risk for cardiovascular disease, metabolic 
dysfunction, and weight gain (27, 28) as well as poor nutritional 
status and a variety of diseases that began in the early 1900s 
due to refinement. 
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Due to the biochemical nutritional ideology of the 1940s in 
the U.S. (29), these deficiencies were viewed to be easily remedied, 
and the nutrient-stripped flour was subjected to flour fortification 
as a way to “fortify” the grain with the micronutrients removed 
during the milling process including thiamine to prevent Beriberi, 
riboflavin to enhance vitamin B6 and niacin utilization, niacin to 
prevent pellagra, and iron to address anemia (25, 29–31). Folic acid 
fortification began in 1998 to prevent neural tube defects in the 
developing babies of pregnant women (30, 32), with current debate 
on the impacts of the synthetic form of folic acid fortification and 
its health outcomes (25). While enrichment is not mandated, any 
grain or bread product labeled as “enriched” is required to meet 
the Federal Drug Administration’s (FDA) standard levels of these 
micronutrients (33). While the amounts of these micronutrients 
that are added back in are greater than the original WG, the 
enriched refined flour does not consider other nutrients lost such as 
magnesium, potassium, fiber, and protein (34). As a result, Metcalfe 
(25) writes that enriched RG products have a dierent nutrient 
profile and grain structure to that of WG including being devoid 
of fiber and containing nutrients existing outside the original 
synergistic complex. 

In 2005, the Dietary Guidelines made the first WG 
recommendation to consume at least three servings of WG 
daily (1 serving = 1 ounce equivalent (oz. eq.) = 16 grams (g)) with 
the statement, “make half your grains whole” while encouraging the 
limitation of refined grains to three servings or less (35). However, 
most U.S. consumer intake of WG is insuÿcient. According to 
the 2020 Dietary Guidelines for Americans (DGAs), only 2% of 
American adults meet the recommended intake of = 3 servings 
of WG a day while 74% exceed the RG recommendations (36). In 
addition, more than 94% of Americans have an inadequate intake 
of dietary fiber, leading to what is deemed “the fiber gap” in the U.S. 
and worldwide (25). The removal of the fiber-rich bran in industrial 
wheat flour is proposed as a main contributor to this gap (25, 37, 
38) along with the low consumption of higher fiber grains such as 
barley and rye in typical American diets. Switching current grain 
consumption from RG to WG could have astronomical impacts 
for improving health outcomes related to the fiber gap, as common 
wheat alone makes up one in five calories worldwide and up to 
50% calories in some places (39). As a result, researchers, industry 
leaders, practitioners, and policy makers have been working to find 
ways to increase WG consumer acceptance and consumption in 
various populations, whether through commodity or AGNs. 

Many national and international eorts exist to promote WG 
intake, including conferences such as the International Whole 
Grain Summit, and groups such as the Whole Grains Council 
(U.S.), the Danish Whole Grain Partnership (DWGP), and the 
Australian Grains and Legumes Nutrition Council (GLNC). While 
local grains are not inherently interchangeable with WG as the 
milling and sifting practices of small mills varies, AGNs inherently 
value local, value-added, small grain products, and are supported 
regionally by non-profit organizations such as the Artisan Grain 
Collaborative (AGC), the Washington State University (WSU) 
Breadlab, the Maine Grain Alliance, the Colorado Grain Chain, and 
the Glynwood Center for Regional Food and Farming. As a result, 
these AGNs have great potential to lead the charge on promoting 
WG that not only nourish humans, but also local economies and 
soil through the values inherent to these systems, as exemplified 
by the WSU Breadlab’s mission to see farmers, millers, bakers, 

and consumers breed, grow, and eat the whole grain as a world-
wide habit. 

Several studies have examined barriers and drivers to consumer 
acceptance of WG specific to individual countries including the 
U.S. (40, 41), Northern Ireland (42), Australia (43, 44), Northern 
Italy (45); the UK (46); and Finland (47), as well as reviews 
synthesizing global data (48, 49) identifying key indicators such 
as taste, convenience, and perception. In addition, Suthers, Broom 
and Beck (49) conducted a systematic review summarizing key 
strategies of successful public health WG campaigns. However, 
despite these eorts, along with isolated studies and marketing 
surveys, there is no comprehensive scoping review mapping 
U.S. consumer acceptance of WG, local grains, or consumer 
engagement with AGNs to determine the state of the literature, 
research gaps, and future research recommendations. While 
Meynier et al. (48) included the U.S. in their study, their review 
utilized general literature review methods and they did not report 
how they collected or analyzed the data. 

To provide U.S. specific consumer insights, this scoping review 
sought to identify all pertinent studies that examine U.S. consumer 
acceptance of grains to map existing evidence, identify key themes, 
and point out knowledge gaps. Such a review will allow for an 
examination of the breadth of factors impacting U.S. consumer 
acceptance of grains and alternative grain networks, allowing for 
comparison to other countries to determine if there is anything 
particularly novel about the U.S. market, and to aid researchers, 
practitioners, nutritionists, and public health oÿcials in tailoring 
communication strategies and educational campaigns to U.S. 
consumers to increase WG intake. While alternative grain networks 
(AGNs) do not necessarily explicitly focus on WG, they tend to 
be oriented to encouraging WG due to the inherent values such 
as nutrition, health, and craft, embedded within these systems. As 
epidemiological and nutritional studies are most often interested 
in WG intake as opposed to general grain intake, we utilize this 
language throughout the rest of the scoping review. 

We searched five subject specific databases with a publication 
timeframe of the last fifteen years for relevance to current trends. 
Our primary research question was as follows: “What are the key 
factors influencing U.S. consumers’ acceptance of grains including 
reasons that motivate or deter consumption such as nutrition, 
price, dietary practices, and taste?” (RQ1) Our two secondary 
research questions looked to understand consumer acceptance of 
local/regional grain products and consumer engagement with types 
of grain systems, such as AGNs. These questions are as follows: 
“What are the key factors influencing U.S. consumers’ acceptance 
of local/regional grain products?” (RQ2A), and “How do U.S. 
consumers engage with grains including through the commodity 
grain system or alternative grain networks (AGNs)?” (RQ2B) 

Methods 

Protocol and registration 

A protocol for this review was developed by the authors 
and reported in accordance with the PRISMA-P guidelines for 
systematic review protocols (50) with adaptations made to match 
scoping review criteria. The protocol was registered prior to data 
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collection in the Open Science Framework (51). This scoping 
review was conducted in accordance with the JBI Manual for 
Evidence Synthesis, Chapter 10 (52) and is reported according 
to the PRISMA extension for scoping reviews (PRISMA-ScR) 
standards (53). 

Eligibility criteria 

Studies were included in this review if they addressed the key 
elements of the research question dealing with grain consumption 
patterns of U.S. consumers. In the interest of relevance to current 
practices, articles were only included if they were published in 
2013 or later. We set this publication window to find the most 
up-to-date evidence on consumer acceptance due to the rapidly 
changing nature of consumer trends and product innovation. Only 
English-language articles were included due to the focus on U.S. 
consumers, and article types were limited to dissertations, theses, 
and peer-reviewed journal articles. Studies were not included 
if they were secondary or tertiary sources or if they lacked 
suÿcient information to understand the link between grain and 
U.S. consumers. Additionally, studies were excluded if their main 
focus was on the following: 

• producer interactions 
• non-food grains 
• grain-based or grain-additive products from a consumer 

sensory acceptability, food product acceptability or 
modification, food quality, ingredient formulation study, 
and/or from a food science formulaic lens 

• Specific health outcomes or interventions related to grain 
consumption 

• Market analysis of grains 
• Food-waste of grains 

Information sources and search 

Searches were conducted across five databases: CAB Abstracts 
(Ovid), Agricola (Ovid), Scopus (Elsevier), EconLit (Proquest), 
and Dissertations and Theses Global (Proquest). Additionally, 
backward and forward citation searches were performed on all 
included articles in Scopus. Searches were developed by a science 
librarian (MK) in consultation with subject matter experts to 
capture articles discussing small grains, consumers, and their 
interactions. Searches tested against a set of exemplar articles. 
The full search strategy for each database can be viewed in 
Supplementary material. All searches limited publication dates to 
2013 or later. Initial searches were run in all databases on October 
24, 2024. Backward and forward citation searches for included 
articles were run on November 21, 2024. 

Selection of sources of evidence 

All retrieved search results were uploaded to Covidence for 
deduplication and screening. Screening was done in two phases: 

title/abstract screening and full-text screening. In each phase, 
two independent reviewers screened each record and only those 
receiving two positive votes were moved on to the next round. 
In the case of opposing votes, a consensus process was used to 
make decisions via a third reviewer and discussion between the two 
primary reviewers. 

Data charting process 

We utilized the data extraction feature on Covidence to chart 
the data in provided tables. The form was semi-calibrated, and we 
added our own criteria for each type of data that we wanted to 
extract. Data charting was done independently by one reviewer. 
There was no need to obtain or confirm data from investigators. 

Data items 

We extracted data on article characteristics (e.g. publisher, 
authors, country of origin, type of study), demographics of included 
participants, types of grains studied, barriers and motivators to 
consumer acceptance, the outcomes of interventions, outcome 
variables (e.g. attitude, belief, choice, etc.), and key findings. 

Synthesis of results 

The extracted data tables were downloaded from Covidence 
and re-formatted into a spreadsheet. One reviewer descriptively 
analyzed and grouped this data based on similar key findings in 
consumer acceptance as well as whether alternative grain networks 
were mentioned. The reviewer created categories for each key 
finding and included associated articles and findings in each 
section of the results. For example, definitions or groupings of 
variables aecting consumer acceptance including categories such 
as intrinsic product-related attributes (taste, color, aroma, texture, 
chemical and physical composition), extrinsic product related 
attributes (information, packaging, labeling, nutrition claims), 
personal state factors (psychological components, physiological 
needs, habits), cognitive factors (attitude, liking, preference), and 
sociocultural factors (culture, income, policy) (54). While product 
related attributes are often categorized into intrinsic (characteristics 
of the food itself such as physical composition, taste, smell, 
appearance, and texture) and extrinsic (characteristics that are 
related to but not physically part of the product such as labeling, 
packaging, nutrition claims, and price) attributes (55) based on the 
“cue utilization theory” (56), a theory that suggests that consumers 
take cues on whether to purchase a product based on the product’s 
intrinsic and extrinsic qualities, this review combined all product 
related attributes together. Due to a recent network analysis by 
Homan et al. (55) which calls for research to focus on the interplay 
between extrinsic (e.g., price, brand and country of origin) and 
intrinsic (e.g., taste and health) attributes as well as the food 
environment on consumer acceptance so as to develop a more 
comprehensive picture of the factors involved, we developed the 
“environmental factors” category to group extrinsic factors from 
our studies that were not otherwise accounted for. 
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Results 

The Preferred Reporting Items for Systematic Reviews and 
Meta Analyses (PRISMA) diagram outlines the search strategy and 
screening process (Figure 1). After the initial search, we imported 
14,155 articles into Covidence and screened for duplicates, 
resulting in 9,165 studies. The initial screening stage resulted in 
excluding 8,823 of these studies due to irrelevance, with 341 full-
text articles remaining. The full-text screening removed 310 studies 
for various reasons with 31 remaining. One additional article was 
retrieved through hand searching, bringing the total of included 
articles to 32. We included these in the data extraction phase and 
documented them in this scoping review. 

General trends 

While our first research question looked at grains as a general 
category, most studies (n = 19) included in the review reported 
on overall behaviors and attitudes toward WG at large, including 
a similar variety of products such as bread, crackers, cereal, pasta, 
cookies, and cakes, but did not attach specific findings to specific 
products. As a result, this review and the following results section 
mainly focuses on WG. Two studies utilizing National Health 
and Nutrition Examination Survey (NHANES) data examined 
“grains” as a broad category, and only inferred WG intake based 
on carbohydrate, fiber, and energy density data (57, 58). When 
reporting on these studies (n = 2), we combined them with the 
other WG studies for the purpose of the review synthesis. After 
WG, bread was mentioned the most (7), followed by organic 
wheat products (3) and local grain products (3); specific grain 
products such as WG pizza or a high-antioxidant sweet corn were 
only addressed in one to two studies each, which we grouped 
together in a category termed “specific grain products” for analysis 
(n = 8) (Table 1). We based our grain product categories on the 
National Health and Nutrition Examination Survey (NHANES) 
(53), and created some additional categories based on themes 
identified in the literature. Three studies attended to consumer 
engagement with local grains and alternative grain networks 
(AGNs) through qualitative case studies examining local bread, 
flour, and grains. Three studies focused on organic wheat products 
(including bread, cookies, and croissants) to examine consumer 
valuation of these products. Finally, ten studies were interventions 
focusing on improving consumer acceptance of WG and other 
grain products. We summarized these studies in Tables 2, 3. There 
were no studies covering the following categories: snack/meal bars, 
savory snacks/crackers, Mexican mixed dishes (i.e., burritos, tacos, 
nachos), soups, and infant foods. 

Publication trends of reported studies 

Between 2013 and 2024, five studies were published in 2017 
and 2024, with four appearing in 2015 and 2021 and three in 2019 
and 2020. Two studies were published respectively in all other 
years, except in 2014 or 2023, when there were none (Figure 2). 
Among the 32 studies, two each were published in Current 
Developments in Nutrition, British Food Journal; International 

Journal of Environmental Research and Public Health; Journal of 
Agriculture, Food Systems, and Community Development; Journal 
of Food Distribution Research; and Public Health Nutrition. The 
remaining studies were published in a range of dierent journals. 
Figure 3 documents the methods utilized by the various studies and 
Tables 1, 2 document the number of participants in each study. 

Consumer acceptance of whole grains 

Based on our included studies, we placed the key factors 
influencing U.S. consumer acceptance of grain foods (RQ1) 
into the following four categories which were adapted from 
the literature: (1) product related attributes, (2) psychographic 
factors, (3) sociodemographic factors, and (4) environmental 
factors (Figure 4). The outcome variables reported in the studies 
were related to consumer behavior, attitudes, and willingness-to-
pay for grain products. We also examined interventions reported 
in the included literature to increase consumer acceptance of grain 
foods with the following three types: exposure and familiarization, 
educational programing, and information provision. The extracted 
relevant key factors influencing consumer acceptance of grains 
foods were grouped and reported in Table 4. Most articles in the 
bread category [aside from Lin et al. (59)] are also reported in 
another category due to additional grain products documented in 
those articles. 

We will now discuss the specific findings for key factors 
influencing consumer acceptance of WG, bread, and specific grain 
products as reported in these studies, combining these categories 
into our WG synthesis and analysis as most of the products were 
WG. We will segment the findings by attribute and characteristic 
categories including interventions that utilized these factors to 
increase consumer engagement with WG: 

1. Product related attributes 

a. Taste 

Taste preferences were consistently identified as a key factor 
influencing consumer acceptance across grain product categories 
including WGs, bread, organic specialty bakery products, and 
specific grain products such as brewer’s spent grain foods (60), a 
mixed sorghum dish (61), WG pasta (62), ready-to-eat cereal (63), 
white whole wheat flour baked goods (64), and a high antioxidant 
sweet corn (65) (Tables 2, 3). While taste is just one of many product 
sensory attributes, we report on taste as this was the factor primarily 
mentioned throughout the included studies. 

Positive taste was a driver for WG consumption among Native-
American fifth-graders in two studies utilizing the nominal group 
technique as part of the larger HEALTH study to examine factors 
influencing WG consumption, with poor taste as a barrier (66, 
67). Two studies utilizing a mixed-methods approach (survey and 
interview) (68, 69) found that poor taste was perceived as a barrier 
for WG consumption in low-income adult participants. Magalis 
et al. (70) and Combest and Warren (60) utilized a survey and 
focus group respectively and found that university and college 
students who identified as WG consumers ranked WG bread 
as having similar sensory characteristics to RG bread and gave 
a higher liking for WG. This may be due to their familiarity 
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FIGURE 1 

PRISMA diagram reporting scoping review process. 

already with WG. College students, however, liked the taste of 
the refined rice and pasta as compared to their WG counterparts 
(70). A comparative sensory analysis by Hicks-Roof et al. (61) 
found that college students ranked all sensory characteristics for 

a mixed-sorghum dish to be comparable to a mixed-rice dish 

except for texture/mouthfeel which was lower for the sorghum. 
Similarly, Tritt et al. (71) found that children liked the taste of 
WG pizza crust comparably to RG pizza crust, and college students 
found WG pasta to be somewhat tasty (62). Overall, these studies 

indicate that consumers display heterogeneity when it comes to 

WG taste. As mentioned below in the intervention section, there 

were a handful of studies largely showing that when accompanied 

with either familiarization through taste testing or information on 

health benefits and preparation, WG products had positive sensory 

acceptance and liking alongside the RG analogs (72, 73). 
In organic specialty wheat bakery products (bread, cookies, 

croissants), two choice experiments looking to understand WTP 

for these products, indicated that as taste assurances improved, 
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TABLE 1 Grain product categories based on National Health and 
Nutrition Examination Survey (NHANES) categories documented in 
scoping review with references. 

Grain product categories 

Whole grains (n = 19) 
•Lenk et al. (83), Curtis et al. (84), Tester et al. (82), Onufrak et al. (145), 
Dunford et al. (81), Janhs et al. (67), Nicklas et al. (66), Leak et al. (78), 
Combest and Warren (60), Chea and Mobley (69), Magaliset al. (70), Chea and 

Mobley, (68), De Leon et al. (73), Samuel et al. (64), Wongprawmas et al. (62), 
De Leon et al. (72), Arts et al. (85), MacNab et al. (79), and Yao et al. (77) 

Breads (n = 7) 
•Mars (87), Baker and Russell (86), Meyer et al. (88), Drugova and Curtis (74), 
Drugova et al. (75), Lin et al. (59), and Samuel et al. (64) 

Organic grain products (n = 3) 
•Drugova et al. (75), Drugova and Curtis (74), Lin et al. (59) 

Local grain products (n = 3) 
•Baker and Russell (86), Mars (87), Meyers et al. (88) 

Specific grain products (n = 8) 
•Ready-to-eat-cereals: ready-to-eat-cereals (63) 
Cakes, cookies, pies, pastries, bars: all-purpose flour and white whole wheat 
flour shortened cakes, muÿns and yeast bread (64) 
Cooked grains and cereals: hybrid rice and whole grain pasta (62, 76)Pizza, 
burgers, sandwiches: whole grain pizza (71) 
Other mixed dishes: chicken-and-whole-grain-pasta dish (61) 
“Other” grains*: Brewer’s spent grains baked goods (60), red, hi-A corn variety 

(65). 

The “specific grain products” category lists the NHANES category followed by the items 
within that category studied in each respective paper. * Category created based on themes 
in literature review. 

consumer acceptance increased regardless of their inclination 
toward organic foods (74, 75). Only consumers with a high 
inclination toward organics were willing to accept organic cookies, 
bread, and croissants of poorer or unknown taste (75), while those 
with less inclination for organics ranked taste as more important 
for cookies than bread (74). Freshness and taste were the two most 
important characteristics for organic bread and cookies. 

b. Price 

Price is another product attribute with several studies 
examining the factors impacting consumers’ valuation for grain 
products, including grain attributes (i.e., WG, organic, local, carbon 
friendly), taste assurances, consumer segmentation, and product 
information. Regarding grain attributes, across caregivers of five-
graders (66), low-income adults (68, 69), and University and college 
students (60, 70), WG were perceived to be more expensive than 
their RG counterparts. In contrast, college students were neutral on 
whether WG pasta was expensive, likely due to its availability in 
college cafeterias (62). 

Regarding willingness-to-pay (WTP) for WG products, while 
a segment of a population always required a discount for 
organic cookies, bread, and croissants, other consumers were 
willing to pay a premium for these products, indicating high 
consumer segmentation (74, 75). In comparison to other attributes, 
consumers were more WTP a premium for organic bread over 
conventional bread or bread with a novel-carbon label in a choice 
experiment examining these attributes (59), and all consumers were 
WTP a premium for bread with the local label (74, 75). In an 
experimental auction, Akaichi et al. (76) found that consumers were 

WTP more for a lower GHG emission on hybrid rice, which could 
be further enhanced by the addition of local and lower food miles 
labels, as consumers did not see these labels as interchangeable. 

While choice experiments revealed that WTP for organic 
wheat bread, cookies, and croissants (64) and a novel, high 
antioxidant sweet corn increases (58) as taste perception improves, 
WTP for ready-to-eat breakfast cereal (57) and organic specialty 
bakery products (64) does not improve with either a summary of 
nutritional benefits or education on organic labeling standards for 
organic, respectively. This may point to taste as being more of a 
motivator than information for WTP. 

c. Labeling 

Product labels can play a role in influencing consumer 
acceptance of grains. Consumers utilized various labels and 
packaging cues to identify WG products, including reading the 
nutrition facts label (66) and ingredient list (70), using “whole 
grain” wording on the label, and looking at the color and 
appearance of the grain product (69). 

Drugova and Curtis (75) and Drugova et al. (74) found that 
most consumers have low preference for the organic label on 
specialty bakery products unless they have a strong inclination for 
organic products, while most consumers prefer the local label on 
bread but not cookies. However, when both the local and organic 
label were present, the presence of the organic label decreased the 
utility of the local label for specialty bread on average, with only 
a segment of consumers viewing these labels as complementary. 
Additionally, those with a high value for organics valued the 
“natural” and “whole-grain” label on bread (74). Similarly, in 
a choice experiment examining consumer preference for a high 
antioxidant sweet corn, they found that preference for a local label 
resulted in higher WTP for the corn variety (65). These findings 
suggest that consumers display heterogeneity for dierent labels 
based on their consumer segment. 

d. Convenience 

Only three included studies explicitly mentioned convenience, 
including a focus group in which college students reported 
purchasing WG products that can be eaten on-the-go more 
frequently and a choice experiment indicating that the majority 
of the Midwestern participants who reported being ready-to-eat 
breakfast cereal purchasers did so because of convenience (60, 63). 
Nicklas et al. (66) found that non-related caregivers of Native-
American fifth-graders reported that having prepackaged WG or 
WG in foods that are easy to prepare and that they already eat 
would be a facilitator for WG intake. 

2. Psychographic factors 

a. Perceptions 

Perceptions are a psychographic characteristic that influence 
consumer acceptance of grain foods. Combest and Warren (60) 
and De Leon et al. (72) both found that college students and 
adults perceived WG to be healthier than RG, respectively, and 
most consumers viewed organic wheat products as healthier than 
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TABLE 2 Characteristics of included studies. 

References Research 
design 

Sample 
size 

Study 
population 

Grain product Key factors Outcome 
variable(s) 

Baker and Russell 
(86) 

Case study n/a NY Farmer, NY 

Millers (3), NY 

Artisan Baker, NY 

consumers 

Variety of local 
grains and local 
grain products (local 
and organic small 
grains, flour, and 

artisanal bread) 

Price, Accessibility, 
Environment (Community 

Program) 

Purchasing 

behavior 

Chea and Mobley 

(68) 
Mixed methods: 
survey and 

interview 

Nutrition 

educators 
(n = 9); low 

income adults 
(n = 98) 

EFNEP Nutrition 

educators working 

with low-income 

adults; low-income 

parents or guardians 
with at least one 

child between 3 and 

10 yo; all; > 18 y.o. 

Whole grain 

products 
Taste, Price, Familiarity, 
Perceptions, Knowledge, 
Sociodemographic 

(Low-Income) 

Consumer 

perceptions; 
consumer 

preferences 

Chea and Mobley 

(69) 
Mixed methods: 
survey and 

interview 

169 (survey); 
subset 60 

(interview) 

Low-income 

adults; > 18 y.o. 
Whole grain 

products 
Taste, Price, Knowledge, 
Attitudes, Sociodemographic 

(Age, Country of Origin, 
Education Level, 
Low-Income) 

Consumer 

perceptions 

Combest and 

Warren (60) 
Focus group 37 University students; 

18–45 y.o. 
Whole grains, 
Brewer’s Spent 
Grains (cookies, 
sweet breakfast 
breads, granola bars) 

Taste, Price, Familiarity, 
Perception, Knowledge, 
Attitudes, Convenience, 
Sociodemographic (Age) 

Barriers and 

drivers to 

consumption; 
consumer 

perceptions; 
sensory 

attributes 

Curtis et al. (84) Case study 33 14 families from four 

separate Utah CSA 

programs 

Grains (generic) Environment (Community 

program) 
Purchasing 

behavior 

Drugova et al. (74) Choice 

experiment and 

survey 

1,009 Adults; > 18 y.o. Organic bread and 

cookies 
Taste, Price, Labeling, 
Perceptions, Familiarity, 
Preference 

WTP, Consumer 

preference, 
motivations and 

barriers 

Dunford et al. (81) Longitudinal 
study (Nielsen 

Homescan 2018 

data) 

61,367 

households 
Adults; > 18 y.o. Whole grain 

products 
Sociodemographic 

(Low-income, Household 

size, Country of Origin) 

Purchasing 

behavior 

Hicks-Roof et al. (61) Sensory 

evaluation 

664 Adults; ≥ 18 y.o. Sorghum mixed dish 

and rice mixed dish 

Taste, Preference, 
Sociodemographic (Country 

of Origin) 

Acceptability, 
consumer 

preference 

Jahns et al. (67) Nominal group 

technique 

51 American Indian 

Fifth grade children 

(ancillary study to 

HEALTH study) 

Whole grain 

products 
Preference, Taste, 
Environment (Home) 

Consumer 

preferences 

Johnson et al. (65) Contingent 
valuation and 

survey 

1,037 Adults; > 18 y.o. Red, Hi-A? 

(high-antioxidant) 
corn variety 

Price, Taste, Labeling, 
Preference, 
Sociodemographic (Age), 
Built environment (Food 

outlet availability) 

WTP, Consumer 

perceptions 

Lenk et al. (83) Interview 661 Customers of small 
and non-traditional 
food stores (corner 

stores); Adults; > 18 

y.o. 

Whole grain 

products 
Sociodemographic 

(Education, Country of 
Origin, Gender) 

Shopping 

pattern 

Lin et al. (59) Choice 

experiment 
263 Adults; > 18 y.o.; 

consumed bread in 

last 3 months 

Conventional WG 

bread, organic WG 

bread, carbon 

labeled WG bread 

Price, Knowledge, 
Sociodemographic 

(Education, Country of 
Origin) 

WTP, 
Knowledge, 
Consumer 

preferences 

(Continued) 
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TABLE 2 (Continued) 

References Research 
design 

Sample 
size 

Study 
population 

Grain product Key factors Outcome 
variable(s) 

Magalis et al. (70) Survey 69 College 

students; > 18 y.o 

Whole grain 

products 
Taste, Price, Preference, 
Knowledge, Attitude, 

Attitude, 
knowledge, 
liking/acceptability 

Mars (87) Case study 10 Participants in 

Arizona local grain 

network (e.g., baker, 
consumers) 

Local heritage grains: 
organic Sonoran 

wheat; local artisan 

bread 

Price, Taste, Preference, 
Attitude, Knowledge, 
Environment (Community 

Program) 

Consumer 

preference 

Meyer et al. (88) Case study Not noted Participants of South 

Tyrol, Italy, and 

Colorado, 
United States local 
grain network 

Local artisan bread, 
flour, and grain 

products 

Taste, Price, Knowledge Knowledge 

Nicklas et al. (66) Nominal group 

technique 

281 (Adult 
caregivers); 321 

children 

National sample of 
5th grade children 

and unrelated adult 
caregivers (part of 
HEALTH study) 

Whole grain 

products 
Taste, Price, Labeling, 
Knowledge, Convenience 

Barriers and 

drivers of 
consumption 

Onufrak et al. (145) Epidemiological 
(NHANES) 

25,549 Census 
representative US 

adults (NHANES 

2005–2014); > 20 

y.o. 

Whole grain 

products 
Environment (Food Outlet) Barriers and 

drivers of 
consumption 

Setiono et al. (57) Epidemiological 
(NHANES) 

4,065 Census 
representative 

adolescents 
(2011–2018 

NHANES); 12–19 

y.o. 

Grains (inferred WG 

based on fiber and 

carbohydrate data) 

Environment (Food Outlet) Shopping 

pattern 

Taylor et al. (58) Epidemiological 
(NHANES) 

20,363 Census 
representative US 

adults (2005–2012 

NHANES); ≥ 20 y.o. 

Grains (inferred WG 

based on energy 

density data) 

Sociodemographic 

(Low-Income) 
Dietary pattern 

Tester et al. (82) Epidemiological 
(NHANES) 

3,265 Census 
representative 

adolescents 
(NHANES 

2005–2012); 13–18 

y.o. 

Whole grain 

products 
Sociodemographic 

(Low-Income) 
Barriers and 

drivers of 
consumption 

Tritt et al. (71) Mixed methods: 
plate waste and 

sensory 

evaluation 

394 (Child 

restaurant 
patrons); 120 

(school 
children) 

School children 

(Grades 3–5; 
8–11 y.o.) 

Whole grain pizza 

and refined grain 

pizza 

Taste Acceptability 

Wongprawmas et al. 
(62) 

Survey 499 U.S. college 

students; ≥ 17 y.o. 
Whole grain pasta Taste, Price, Perceptions, 

Attitudes 
Attitude; 
Barriers and 

drivers of 
consumption 

NY, New York; WTP, willingness-to-pay; y.o., years old. 

conventional (74). However, in a survey examining consumer 

acceptance of WG pasta, Wongprawmas et al. (62) found that while 

college-students perceived WG pasta to be more beneficial than RG 

and healthy, they did not see it as essential to include in the diet. 
This could indicate that although consumers perceive WG to be 

healthy, that perception alone is not enough to change consumer 

behavior. As mentioned in the intervention section below, several 
studies showed that interventions involving taste tests and exposure 

to WG can result in changed perception regarding their taste, 

attitudes toward WG, and perceived intake (72, 73, 77). When it 
comes to attributes of grain products, consumers did not perceive 
food miles and food origin as perfect substitutes for hybrid rice (76). 

b. Knowledge 

Several studies indicate that general knowledge about WG 
identification and WG preparation is low. Less than half of low-
income adults (69) and slightly more than half of college-students 
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TABLE 3 Characteristics of included intervention studies. 

References Research 
design 

Sample 
size 

Study 
population 

Key factors Grain 
product 

Outcome 
variable(s) 

Intervention 
type 

Intervention 
details 

Intervention 
outcome 

Akaichi et al. 
(76) 

Experimental 
auction 

350 U.S. food 

shoppers; ≥ 18 

y.o. 

Perceptions, Preference, 
Attitude, 
Sociodemographic 

(gender, age, education, 
income) 

Hybrid Rice; 
Conventional 
Rice 

Willingness to pay Information provision Experimental auction; 
participants exposed to 

the following 

information though 

labeling: low greenhouse 

gas (GHG) emissions, 
food miles, and origin of 
food 

Consumers are WTP 

a higher premium 

for hybrid rice 

labeled as lower 

GHG emissions; 
consumers don’t 
value food miles and 

origin of food 

attributes equally 

Arts et al. (85) Nutrition 

education 

intervention 

98 College students Information provision Whole grain 

products 
Total consumption Information provision 6-week intervention; WG 

and low-fat dairy 

messages in campus 
dining halls and text 
messages to subsample 

(n = 26); prompts to 

choose WG given in 

dining halls; nutrition 

education booths for WG 

and low-fat dairy in one 

dining hall 

WG intake increased 

from baseline to 

follow up (23 ± 31 to 

31 ± 43 g) 
(p = 0.008) (35% 

increase in intake); 
POS messaging 

preferred messaging 

De Leon et al. 
(72) 

Randomized 

control trial 
45 Healthy adults; 

ages 20–45 

Taste, Attitude, 
Familiarity, Perceptions, 
Sociodemographic 

(gender) 

Whole grain 

products 
Acceptability Exposure and 

familiarization 

6 weeks; whole-grain 

group received whole 

grain products; 
refined-grain group 

received refined grain 

products 

WG group 

participants 
increased intake 

from < 1 

serving/day to 

2.0–2.9 serving/d 

(p < 0.001) while 

there was no change 

for the RG; overall 
liking scores 
significantly 

improved for both 

the RG and WG 

groups for RG and 

WG; WG perceived 

as healthier by 

participants in both 

group (p < 0.001) 
and by women more 

than men 

(p = 0.032); all 
participants were 

willing to include RG 

and WG foods in 

diet at the end of the 

intervention than at 
baseline (p = 0.049) 
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TABLE 3 (Continued) 

References Research 
design 

Sample 
size 

Study 
population 

Key factors Grain 
product 

Outcome 
variable(s) 

Intervention 
type 

Intervention 
details 

Intervention 
outcome 

De Leon et al. 
(73) 

Randomized 

control trial 
45 Healthy adults; 

ages 20–45 

Taste, Attitude, 
Familiarity 

Whole grain 

products 
Attitude, consumer 

preferences, 
consumer behavior 

change 

Exposure and 

familiarization 

6 weeks; whole-grain 

group, refined-grain 

group 

No significant 
dierence between 

WG and RG groups 
in WG consumption; 
participants who 

originally preferred 

RG shifted to 

associate WG with 

good taste 

(p = 0.004) and in 

WG group 

(p = 0.032) 

Dominick et al. 
(63) 

Choice 

experiment 
1,265 adults Adults; > 18 y.o. Knowledge, Price, Taste, 

Convenience, 
Sociodemographic 

(household size, food 

security) 

Ready-to-eat-
breakfast-cereal 

Purchasing behavior, 
willingness to pay, 
consumer choice 

Information provision Random parameters logit 
model utilized to test 
WTP for nutritional 
elements of ready-to-eat-
breakfast-cereal; 
nutritional information 

provided 

Summary of 
nutritional 
highlights did not 
change valuation of 
healthier attributes 

Drugova and 

Curtis (75) 
Choice 

experiment 
721 Adults; > 18 y.o. Taste, Price, Preferences, 

Perceptions, Knowledge 

Organic bread, 
organic cookies, 
organic 

croissants 

Willingness to pay; 
preferences; barriers 
and drivers 

Exposure and 

Familiarization; 
Information provision 

Random parameters logit 
model utilized to test 
WTP for organic wheat 
products; provided 

information on organic 

labeling standards 

Favorable taste 

assurances positively 

impact consumer 

acceptance and 

WTP; organic 

labeling standards 
information did not 
significantly impact 
consumer organic 

product perceptions 
or taste preferences 

MacNab et al. 
(79) 

Nutrition 

education 

intervention 

139 Community 

residing 

adults =60 y.o. 

Knowledge, Familiarity Whole grain 

products 
Knowledge, total 
consumption, 
Liking/acceptability 

Exposure and 

familiarization; 
Educational 
programming 

Pilot study; 3, 1-hour 

sessions; WG education 

and discussion, hands-on 

activities, taste testing; 
pre and post 
questionnaires 

Mean WG 

knowledge score 

increased 9% from 

pre to post 
(15.1 ± 4.9 to 

21.6 ± 4.0); mean 

WG intake from pre 

to post (10.4 ± 4.5 g) 
to (11.3 ± 3.9 g) 
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TABLE 3 (Continued) 

References Research 
design 

Sample 
size 

Study 
population 

Key factors Grain 
product 

Outcome 
variable(s) 

Intervention 
type 

Intervention 
details 

Intervention 
outcome 

Leak et al. (78) Interview 

(following 

FoodRx 

intervention) 

48 Low-income 

caregivers and 

prediabetic 

children dyads; 
caregivers 
(28–76); 
children (8–17); 
FoodRx study 

Knowledge, Attitude Whole grain 

products 
Barriers and drivers 
of consumption; 
Consumer 

perceptions 

Exposure and 

familiarization; 
Information provision 

FoodRx pilot study 

(convenience sample of 
60 obese, and prediabetic 

youth (8–17 years); 
received bi-weekly 

deliveries of whole grains 
and weekly delivers of 
vegetables for 16 weeks, 
qualitative exit 
interviews were given to 

youth caregivers 

Participants had 

increased WG 

knowledge and 

positive attitude 

about WG and 

improved WG 

purchasing behaviors 
at the end of the 

intervention 

Samuel et al. 
(64) 

Sensory 

evaluation 

102 College 

students; ≥ 18 

y.o. 

Taste, Familiarity All-purpose 

flour and white 

whole wheat 
flour (WWWF) 
shortened cakes, 
muÿns, and 

yeast bread 

Acceptability Exposure and 

Familiarization; 
Information provision 

Untrained, volunteer 

consumer panelists 
participated in sensory 

evaluation of bakery 

products in cafeterias; 
two rounds of sensory 

evaluation: in round one, 
no information provided 

on products; in round 

two, nutritional benefits 
of whole grains and 

expected flavor and 

texture profiles were 

given prior to tasting 

Familiarization with 

white whole flour 

resulted in WWWF 

products that did not 
score dierently 

from all-purpose 

flour counterparts 
on appearance, taste, 
and overall 
acceptability 

(p < 0.05). Following 

familiarization with 

health benefits and 

expected flavor of 
WWWF products, 
WWWF products 
scored significantly 

higher for overall 
acceptability 

compared to 

WWWF products 
tested before the 

intervention 

(p < 0.05). 

Yao et al. (77) 409 Food pantry 

clients who are 

responsible for 

meal 
preparation for 

family; control 
group (204), 
intervention 

group (205) 

Perceptions, Knowledge Chicken-and-
whole-grain-
pasta 

dish 

Consumer 

perceptions 
Exposure and 

Familiarization; 
Information provision 

4-week 

quasi-experimental 
study; control group and 

nutrition education 

intervention group; 
intervention group tasted 

chicken-and-whole-grain 

mixed dish and given 

ingredients and invited 

to prepare recipe at home 

Perception of WG 

consumption 

(p = 0.001) and 

self-eÿcacy in 

choosing and 

preparing WG foods 
significantly 

increased for 

intervention group. 

POS, point-of-sale; WTP, willingness to pay; y.o., years old; WG, whole grain. 
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FIGURE 2 

Publication years of included studies. No included studies were published in 2014 or 2023. 

FIGURE 3 

Methodologies of included studies. Counts are not exclusive across categories. 

(70) correctly identified WG based on the ingredients list, with 

college-students unable to identify the dierences between RG 

and WGs or the definition of WG foods (60), and the majority 

of low-income adults misinterpreting the WG message (make 

half your grains whole) (68). Chea and Mobley (68) found that 
while most low-income adults perceive WG dietary guideline 

messaging as easy to understand, they commonly misinterpreted 

the information. As a result, while consumers may perceive that 
their knowledge is adequate when it comes to WG identification, 
performing the task of WG identification indicates that most 
consumers lack the necessary knowledge for this task. 

Three studies found that lack of skills on how to prepare WG 

at home and recipes for WG foods were barriers to consumer 

acceptance of WG in college students (70), unrelated caregivers 
of fifth-grade children (66) and caregivers of children with 

prediabetes and obesity (78). However, the type of information may 

matter, as two studies found that providing nutrition information 

and information on organic practices did not alter WTP for 

ready-to-eat-breakfast-cereal or organic specialty bakery products 
respectively (63, 75). Conversely, those participants who were 

familiar with certain types of environmental information such as 
the causes of climate change had a higher WTP for bread with 

a novel-carbon label compared to those participants who did not 
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FIGURE 4 

Four categories of key factors influencing consumer acceptance of grains foods with “outcome variable” as the proxy for measuring consumer 
acceptance. Adapted from Lu et al. (56), licensed under CC BY 4.0. 

know this information (59). As mentioned in the intervention 
section below, some studies found that taste testing of WG resulted 
in increased ability to prepare and utilize them (77, 79). As a result, 
interventions such as information provision and tasting may dier 
in their impact on increasing consumer knowledge about WG. 

c. Familiarity 

Six studies examined the impact of familiarity on consumer 
acceptance 

of grain products. Lack of familiarity was a barrier for WG 
consumption in low-income adults (68), purchasing of organic 
bread and cookies in the average consumer (74), and consumption 
of brewer’s spent grain products in college students (60). In two 
randomized control trials with a duration of 6-weeks, in which 
one group received WG products and the other group received 
RG products, exposure to WG over a 6-week period resulted 
in significantly improved ratings of liking, sensory profile, and 
willingness to include WG in the diet in consumers (72), as well 
as an improved positive implicit association for WG in those 
initially preferring RG (73). However, improvements in sensory 
acceptability for RG also increased in the RG group. This may 
indicate that familiarization with any product can increase liking, 
which could be counterproductive to WG consumer acceptance if a 
consumer is exposed to WG and RG simultaneously. Additionally, 
familiarization with product taste and education about benefits 
in WG white whole wheat flour products, brewers spent grain 
products, and WG pasta aided in consumer acceptance (60, 62, 64). 

d. Preference 

In a randomized control trial, De Leon et al. (73) found that 
initial preference for WG or RG foods did not predict consumption 
of WG. However, after exposure to WG foods over 6 weeks, those 
initially preferring RG experienced an increased positive implicit 
association with WG. College and university students shared that 
they choose WG over RG bread when given the choice (60, 70), 
and college students who were habitual WG consumers preferred 
the darker color and presence of visible grains in WG bread to 
RG bread (60). Additionally, those college students who reported 
being WG consumers gave higher liking for WG foods (70). This 
may indicate that familiarity with WG aids in preference. When 

given the option of a mixed-sorghum dish and a mixed-rice dish, 
Hicks-Roof et al. (61) found that University students had a similar 
preference for both dishes while not indicating whether any of the 
students had previous WG familiarity. Jahns et al. (67) found that 
preference for and against WG were both facilitators and barriers 
to WG consumption in fifth-grade Native American children. 

Akaichi et al. (76) choice experiment found that appearance 
alone could influence preference for a hybrid rice, and Johnson et al. 
(65) found that consumer preference for color, nutrition, and local 
all influenced WTP for a high-antioxidant sweet corn. Similarly, 
Drugova et al. (74) found that preferences for organic bread and 
cookies increased with increased inclination for organics, including 
the beliefs that these products were superior to conventional 
and were not too expensive. They also found a significantly 
higher concentration of respondents who noted that they or 
someone in their family had wheat/gluten intolerance or celiac 
disease in the “very likely” category for organic bread purchasing. 
The authors note that this may suggest that wheat and gluten 
avoidant consumers may be substituting organic wheat products 
for conventional products. 

e. Attitude 

Low-income adults reported a positive attitude toward the taste 
and texture of WG foods in a mixed methods study design (69), 
and two additional studies found that a more positive attitude 
toward certain grain products, such as believing that including 
a variety of WG in the diet is important, resulted in greater 
consumption and prioritization of those products including WG 
in college students (70) and organic bakery products in consumers 
with a higher inclination for organics (74). Interviews conducted 
by Leak et al. (78) after an intervention in which participants 
received WG foods for 16-weeks, found an improved positive 
attitude toward WG as a result of the familiarization. In their 
randomized controlled trial, De Leon et al. (72) also showed that in 
the group receiving WG foods for 6-weeks, willingness to include 
WG in their diets improved after a 6-week exposure to WG foods, 
but willingness to include RG in the diets also improved in the 
group receiving RG foods for 6-weeks. In a similar randomized 
controlled trial (73), found that 6-week exposure to WG foods 
resulted in improved implicit attitudes toward WG foods in those 
initially preferring RG foods. This may indicate that segments of 
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TABLE 4 Key factors and interventions influencing consumer acceptance of grain foods, by grain product category. 

Whole grain 
Products 

Bread Organic wheat 
products 

Local grain 
products 

Specific grain 
products 

Product related attributes 

Taste x (66–70, 72, 73, 77) x (64, 74, 75, 87, 88) x (74, 75) x (87, 88) x (60–65, 71) 

Price x (66, 68–70) x (59, 74, 75, 86–88) x (74, 75) x (86–88) x (60, 62, 63, 65) 

Labeling x (66, 78) x (74) x (74) x (65) 

Convenience x (66) x (60, 63) 

Accessibility x (86) x (86) 

Whole grain 
Products 

Bread Organic wheat 
products 

Local grain 
products 

Specific grain 
products 

Psychographic factors 

Perceptions x (68, 69, 72) x (74, 75) x (74, 75) x (60, 62, 76, 77) 

Knowledge x (66, 68, 69, 78, 79) x (59, 75, 87, 88) x (75) x (87, 88) x (60, 63, 77) 

Familiarity x (68, 72, 73, 79) x (64, 74) x (74) x (60, 64) 

Preference x (67, 70, 73) x (74, 75, 87) x (74, 75) x (87) x (61, 65, 67, 76) 

Attitude x (69, 70, 72, 73, 78) x (87) x (87) x (60, 62, 76) 

Whole grain 
Products 

Bread Organic wheat 
products 

Local grain 
products 

Specific grain 
products 

Sociodemographic factors 

Income/food insecurity x (58, 68, 69, 81, 82) x (63, 76) 

Country of origin and 

household size 

x (69, 81, 83) x (59) x (61, 63, 76) 

Gender x (72, 83) x (76) 

Age x (69) x (60, 65, 76) 

Education level x (69, 83) x (59) x (76) 

Whole grain 
Products 

Bread Organic wheat 
products 

Local grain 
products 

Specific grain 
products 

Environmental factors 

Food outlet x (57, 145) x (65) 

Home x (67) x (67) 

Community program x (84) x (86, 87) x (86, 87) 

Whole grain 
Products 

Bread Organic wheat 
products 

Local grain 
products 

Specific grain 
products 

Interventions 

Exposure and 

familiarization 

x (72, 73, 78, 79) x (75) x (64, 77) 

Educational programing x (79) 

Information provision x (78, 85) x (75) x (63, 64, 76, 77) 

Key factors are grouped by categories (product related attributes, psychographic factors, sociodemographic factors, and environmental factors) and interventions are categorized into three 
types: exposure and familiarization, educational programing, and information provision. Most articles in the bread category [aside from Lin et al. (59)]1 are also reported in another category 
due to additional grain products documented in those articles. The “specific grain products” category included the following products: ready-to-eat-cereal, baked goods, hybrid rice, whole 
grain pasta, whole grain pizza, a chicken-and-whole-grain-pasta dish, brewer’s spent grains baked goods, and a red, high antioxidant corn. 

the population display certain inherent attitudes toward WG, but 
that these attitudes are malleable. 

Wongprawmas et al. (62) survey identified two segments of 
university consumers when it comes to attitudes toward WG pasta, 
including the “Uninvolved” consumers who are less interested in 
WG pasta attributes, and the “Health-conscious” consumers who 
have a more positive attitude toward WG pasta including believing 
that WG pasta is more beneficial, essential, easy to prepare, tasty, 

and filling. When it came to their willingness to change and include 
more WG pasta, the “Uninvolved” consumers were motivated by 
aective attitudes such as the pleasure of eating WG, while both the 
“Uninvolved” and “Health-conscious” consumers were motivated 
by cognitive attitudes such as WG health and nutritional benefits. 
Akaichi et al. (80) experimental auction found that specific attitudes 
on the environment, price sensitivity, and food origin all impacted 
WTP for a hybrid rice with various attribute labels. 
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3. Sociodemographic characteristics 

Consumer sociodemographic characteristics were less 
important as factors influencing consumer acceptance of grains in 
general. Several studies noted the influence of sociodemographic 
characteristics in the context of WGs, such as food security status, 
which we are using as a proxy for income, as well as country of 
origin and household size. We report on these factors below. 

a. Income/Food Insecurity 

Results from several epidemiological studies indicate that low 
food secure adults purchase and consume less WG products and 
more RG products via 2005–2012 NHANES and 2018 Nielsen 
Homescan data (58, 81), and only high-income adolescents 
experienced the modest trend in increased WG consumption (0.25 
oz. eq/day) between 2005 and 2011 as compared to low-income 
adolescents, based on 2005–2012 NHANES data (82). The authors 
speculate that WG cost may be a barrier for lower socioeconomic 
groups, in addition to other factors. Two mixed-methods studies 
indicated that low-income adults have diÿculty in identifying 
WG foods and understanding DGA guidelines (68, 69), indicating 
that intake and WG identification may be both associated with 
income and food insecurity. In their choice experiment, Dominick 
et al. (63) found that the number of respondents who were 
food secure and chose ready-to-eat-breakfast cereal because it is 
inexpensive was larger than those who are food insecure and 
chose ready-to-eat-breakfast cereal because it is inexpensive. While 
this study did not indicate whether the cereal was WG or RG, 
we are unable to synthesize this finding with speculations on 
income/food insecurity. 

b. Household size and country of origin 

Five studies examined how ethnicity and household size, 
described as households with or without children, impacted 
consumer acceptance of WG. In an epidemiological study looking 
at Nielsen Homescan 2018 data for WG and RG purchases in 
packaged food purchasing, Dunford et al. (81) saw that households 
with children purchased a slightly higher proportion of products 
containing RG compared to WG. Dominick et al. (63) found that 
the number of households with children who chose ready-to-eat-
breakfast cereal because “it is easy” was larger than the number 
of households without children, but overall, they found that of 
the households that reported family members eating ready-to-eat-
breakfast cereal, 48% reported adults only, 32% selected adults 
and children, and 2% said children only as the cereal consumers. 
However, as Dominick et al. (63) did not indicate whether the 
cereal was RG or WG, we are unable to synthesize any conclusions 
between these studies. 

Dunford et al. (81) saw small but significant ethnic dierences 
in consumption of WG as compared to RG products, with Hispanic 
households purchasing more WG products than non-Hispanic 
households, and non-Hispanic Black households purchasing 
a lower proportion of RG products to non-Hispanic white 
households. Similarly, Hicks-Roof et al. (61) found that Hispanic 
participants had a higher odds of preferring sorghum to rice over 
white, Black, and other races. In a study utilizing interviews of 

shoppers at small and medium convenience stores, Lenk et al. (83) 
found that a subset of consumers (non-Hispanic Black, BMI =30 
kg2/m) was more likely to purchase less healthy products from 
small and non-traditional stores including sweet baked goods. 
Lin et al. (59) saw a higher valuation of the novel-carbon label 
on bread in liberal, non-White, educated consumers in their 
choice experiment examining these factors. These studies indicate 
heterogeneity when it comes to the impact of country of origin on 
WG consumer acceptance. 

c. Age 

While age was examined less as a factor impacting consumer 
acceptance of WG, a handful of studies mention its impact on WTP 
and WG knowledge. Older participants were less WTP a higher 
premium for a low GHG emissions, food miles and local hybrid 
rice compared to a conventional rice with none of these attributes 
(76), similarly to Johnson et al. (65) who found that younger 
consumers had a higher WTP for a high-antioxidant sweet corn. 
Conversely, Combest and Warren (60) found through focus groups 
that older, non-traditional college students with higher incomes 
were more willing to pay for more nutritious products when asked 
about brewer’s spent grain products compared to younger college 
students. Age was not associated with the ability to identify WG 
correctly in low-income adults (69). 

d. Gender 

Gender was also mentioned less in regard to its impact on 
consumer acceptance of WG. Akaichi et al. (76) found that female 
participants were WTP a lower premium for a local hybrid rice 
compared to a non-local conventional rice compared to male 
participants. De Leon et al. (72) found dierences between male 
and female participants in how they rated WG in terms of 
appearance, flavor, texture, familiarity, perceived healthiness, and 
willingness to include WG in their diet. On the other hand, 
Lenk et al. (83) found that country of origin and education level 
influenced purchasing of unhealthy foods including less WG, 
but they did not see a significant dierence between male and 
female shoppers. 

e. Education level 

Four studies mentioned education level as a factor impacting 
consumer acceptance of WG. Participants with more education 
were WTP a higher price premium for both hybrid rice and a 
novel-carbon labeled bread compared to less educated participants 
(59, 76). Education level in low-income adults did not impact 
their ability to correctly identify WG foods, but it approached 
significance (p = 0.008) (69), and Lenk et al. (83) found that 
interviewees with less education had higher purchases of unhealthy 
foods at convenience stores including less WG. As a result, the 
impact of education on consumer acceptance of WG displayed 
heterogeneity when it comes to impact on WTP, knowledge, and 
type of food purchase. 

4. Environmental factors: food outlet, home, and community 
programs 
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The fourth category, environmental factors, describes how 
food outlets, home settings, and community programs all impact 
consumer acceptance of WG with several studies examining these 
factors. While there are various places consumers buy grains, 
fewer WG products are purchased by adults and adolescents at 
small, non-traditional, and convenience stores and cafeterias (83), 
whereas Setiono et al. (57) showed that more WG are purchased 
at grocery stores. However, this NHANES analysis (57) inferred 
this based on their conclusion that grain product purchases at 
convenience stores had less fiber and more carbohydrates, and 
therefore they surmised that these purchases were less likely to be 
WG. Johnson et al. (65) found that WTP for a high-antioxidant 
corn variety was highest at health food stores and wholesale club 
stores, indicating a better environment for acceptance of this item. 
Two studies found that lack of availability of WG at home was 
a significant barrier to WG consumption (66, 67). As a result, 
food outlet type and availability seem to impact WG consumer 
acceptance including WG presence in the home. 

One study examined how community programs influence WG 
consumer acceptance and found that overall grain purchasing 
marginally decreased in four families during their participation in 
a 16-week fresh fruit and vegetable CSA community supported 
agriculture program in Utah (84). They speculate that grains were 
replaced by vegetables and fruits in the diet during the program 
months. As these CSA programs likely do not aim to decrease 
grain consumption, knowing this impact could aid programs in 
simultaneously supporting grains. 

5. Interventions to increase consumer grain acceptance 

While the majority of the included studies have examined the 
factors impacting WG and other grain consumer acceptance, a 
handful of the studies also conducted interventions to examine 
these factors (n = 10) (Table 3). We define interventions as any 
activity or treatment given to participants to examine alterations 
in consumer acceptance of grains (31% of included studies are 
linked to interventions). We categorized the interventions into the 
following categories based on the type of activities they employed 
with some studies falling into more than one category: exposure 
and familiarization, educational programing, and information 
provision. 

Four intervention studies were categorized as exposure 
and familiarization and showed that exposure to WGs and 
accompanying information led to increased consumption and 
liking of WG in adults (72) and children with prediabetes and 
obesity (78), improved positive implicit association with WG taste 
in adults initially preferring RG (73), and increased acceptability 
and similar sensory scores ratings of WG white whole wheat 
flour products to identical all-purpose flour products in college 
students (64). De Leon et al. (72) randomized control trial 
in which one group received WG for 6-weeks and another 
group received RG for 6-weeks, found that sensory acceptance, 
liking, and attitudes improved for both groups. Leak et al. 
(78) conducted interviews with caregivers of youth diagnosed 
with obesity and prediabetes who had received 16-weeks of 
WG as part of a FoodRx program as well as WG information 
on their benefits and preparation (optional cooking classes, 
recipes, and instructional videos), and found that the program 

resulted in increased knowledge of WG benefits, more positive 
attitudes toward WG, better WG purchasing behavior, and more 
resources for WG preparation and ways to incorporate WG 
in meals for children. De Leon et al. (73) conducted a 6-
week pilot randomized controlled trial with one group receiving 
WG products and the other group receiving RG products and 
found that exposure to WG foods led to improved automatic 
attitudes. Samuel et al. (64) found that sensory acceptance of 
white whole wheat flour (WWWF) baked goods improved in 
college students after familiarization with health and sensory 
profiles of WWWF products and did not dier from the all-
purpose flour analogs. 

Three interventions which also fell into the exposure and 
familiarization category found that providing taste-testing or 
taste assurances resulted in increased acceptability of WG 
products (77, 79) and organic specialty bakery products (75) 
as a result of familiarization with these products. Yao et al. 
(77) conducted a quasi-experimental 4-week trial in which one 
group of food pantry clients received oral messaging about 
WG intake recommendations, tasted a chicken-and-whole-grain 
pasta dish and were then invited to make the recipe at home 
with ingredient and recipe provision and one group acted 
as the control. They found in follow up interviews that the 
group who tasted the dish and were given resources had 
improved perceptions of WG intake and self-eÿcacy when it 
came to preparing WG as compared to the control. MacNab 
et al. (79) conducted a nutrition education intervention with 
community residing adults (aged 60 years and older) involving 
WG taste-testing as well as educational programing and found 
that average knowledge and intended WG intake increased 
in participants. Drugova and Curtis (75) conducted a choice 
experiment to understand consumer WTP for organic wheat 
bakery products (bread, cookies, croissants) and found that 
providing taste assurances on these products resulted in an 
improved WTP for these organic wheat bakery products in certain 
consumer segments. 

Seven studies examined the eect of WG information provision 
on WG consumer acceptance, including Yao et al.’s intervention at 
a community food pantry involving verbal WG messaging about 
WG recommendations and recipe provision (77), Arts et al. (85) 
intervention utilizing educational WG text messages and point-
of-sale cafeteria messaging to college students about the benefits 
of WG and reminders to consume them, information about the 
health benefits and expected sensory profile of WWWF pastries 
(64), and information accompanying bi-weekly deliveries of WG 
for 16 weeks including optional cooking classes, calls, recipes, 
and instructional videos (78). All four of these interventions 
involving information provision saw increased WG intake and 
acceptance. However, in two separate studies utilizing information 
provision, neither a summary of nutritional benefits for ready-
to-eat-breakfast-cereal from a choice experiment by Dominick 
et al. (63) nor Drugova and Curtis (75) provision of education on 
organic labeling standards for organic specialty bakery products 
altered WTP for these grain products (63, 75). This is compared 
to one experimental auction which found that exposure to 
information via labeling on greenhouse gas emissions, food miles, 
and origin of food resulted in diering WTP amongst consumers 
for a hybrid rice (76). As a result, the type of information 
provision might change aspects of consumer acceptance (such 
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as attitude or intake) of grains while other aspects (such as 
WTP) may remain unchanged. Additionally, while Leak et al. 
(78) indicated that while WG exposure and familiarization as well 
as messaging provision was beneficial, barriers to WG consumer 
acceptance still remained after the intervention including poor 
experiences cooking WG due to their novelty, and lack of 
resources to prepare novel whole grains even with educational 
videos and recipes. 

One intervention was categorized as educational programing, 
in addition to exposure and familiarization as reported 
above, in which MacNab et al. (79) provided theory-based 
educational lessons and hands-on activities to U.S. community 
residing older adults through three, 1-h sessions, including 
participant-instructor interaction, small group discussion, 
hands-on-activities, and taste testing. They found that mean 
WG knowledge score increased as well as mean WG liking 
and intended intake from pre- to post intervention but noted 
that these results were limited by potential recall bias and 
self-reporting error. 

Consumer engagement with alternative 
grain networks 

We will now report the findings that address our secondary 
research questions starting with RQ2b [How do U.S. consumers 
engage with grains including through the commodity grain 
system or alternative grain networks (AGNs)]. Three qualitative 
case studies by Baker and Russell (86), Mars (87), and Meyer 
et al. (88) utilized a case study model to document consumer 
engagement with AGNs in New York, Arizona, and Colorado 
respectively (RQ2b). However, there were no papers which 
reported on similar aspects in industrial or commodity grain 
systems or even utilized this terminology. Baker and Russell 
(86) conducted a case study of the Northeast regional grain 
system, including an articulation of the coordination required 
amongst grain value chain members for successful partnerships, 
infrastructure establishment, and local and organic grain market 
creation, through documentation of a New York farmer, miller 
and farmer partnership, and community supported bakery (CSB), 
a type of CSA bread subscription program. They qualitatively 
document the growth of consumer demand for local and 
organic small grain markets since the early 2000s, consumers’ 
interactions with the CSB, how these AGNs make local grains 
accessible to consumers, and how shoppers at the New York 
State and GrowNYC’s Greenmarket were able to engage with 
AGNs due to the local policy that at least 15% of the grains 
used in baked goods sold at the market be locally sourced, 
which was later raised to 25% in 2019 (86, 89). As part of 
his case study, Mars (87) conducted interviews and participant 
observations to understand how a Southern Arizona community 
supported baker utilized entrepreneurial leadership to embed the 
bakery’s consumers in the AGN, empowering them to be co-
creators of local food systems, marketers of his breads, and 
promoters of local grains. While documenting entrepreneurial 
leadership is outside of the scope of this paper, its values 
to aid local food entrepreneurs in increasing their income 
while strengthening their local food system is relevant, as Mars 

documents that the CSB was able to successfully embed his 
consumers into co-creation of both the bakery as well as the local 
food system through establishing baker-customer relationships, 
facilitating ownership through consumers helping set-up the 
weekly bread pick-ups, and establishing community amongst 
consumers through regular interaction at pick-ups. Meyer et al. 
(88) conducted a multiple-case study analysis of AGNs in South 
Tyrol, Italy, and Colorado, to qualitatively document various 
factors including geographical proximity, cultural homogeneity, 
commercial viability, and community involvement. While the 
findings related to Italy are outside of the scope of this review, 
the Colorado findings had relevant findings and utilized semi-
structured interviews with AGN stakeholders, consumers, and key 
informants who founded the AGN. Some key findings across all 
three studies include that general consumer awareness of AGNs is 
limited, and that consumers report purchasing through the AGN to 
support small business and communities, relationships, and due to 
search for alternative products. 

While not citing quantitative numbers, all three case studies 
document that consumer interest in AGNs has been growing 
since the early 2000s in the Northeastern U.S., Arizona, and 
Colorado. All three studies noted that coordination along 
the value chain between producers, millers, distillers, brewers, 
and bakers was essential to deliver high quality local grain 
products to consumers. Additionally, all three articles noted 
that sustained consumer engagement and ownership of AGNs 
was key for their success, with Meyers et al. (88) documenting 
this through the Colorado AGN membership and Baker and 
Russell (86) and Mars (87) documenting how the subscription-
type bread service of two CSBs embedded consumers in the 
co-creation of AGNs. 

Consumer acceptance of local grains 

We next document findings on RQ2a: What are the key factors 
influencing U.S. consumers’ acceptance of local/regional grain 
products? We note here that while the original research question 
included “local/regional grains” language, we will simplify to the 
language of “local grains” for clarity going forward. 

The same three articles that examined consumer engagement 
with AGNs documented aspects of consumer acceptance of local 
grain products including local bread, flour, and bulk grains (86– 
88). All three articles noted that consumers of these AGNs 
preferred locally sourced grains and bread. Baker and Russell 
(86) and Mars (87) document how the CSB aids in increasing 
support of local grains through giving the consumer ownership 
as a co-creator of their local grain network. All three case 
studies qualitatively document that consumer demand for local 
small grains and grain products such as alcoholic beverages, 
bread, baked goods, and pasta has been growing since the 
early 2000s. Baker and Russell (86) indicated that more research 
was needed to determine whether market demand for local 
grain products would continue to grow, and Meyer et al. (84) 
noted that a growing amount of consumers were interested in 
traditional bread products. 

While some consumers are WTP a premium for local bread 
(86, 88), Mars (87) noted that based on consumer feedback, the 

Frontiers in Nutrition 18 frontiersin.org 

https://doi.org/10.3389/fnut.2026.1729260
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-13-1729260 February 13, 2026 Time: 10:36 # 19

Schulz et al. 10.3389/fnut.2026.1729260 

CSB had reached price point saturation at the time of the case 
study, limiting the ability to include additional, more expensive 
local flour in their products. Both Baker and Russell (86) and 
Mars (87) only noted qualitative observations on WTP, while 
Meyer et al. (88) oered quantitative ranges as a result of 
semi-structured interviews with consumers. In addition, Baker 
and Russell (86) note that local grain market saturation and 
continued consumer interest in paying premiums for local grains 
is unclear. Meyer et al. (88) and Mars (87) both noted that 
consumers preferred the taste of local bread, with Meyer et al. (88) 
noting additional desirable product attributes such as nutrition, 
artisanship, authenticity, and WG content. 

Discussion 

We discuss the key findings of our scoping review, including 
major themes regarding consumer acceptance of grain foods as 
well as documentation of consumer engagement with AGNs and 
the local grain products they produce. These insights inform our 
recommendations for future studies and policy, industry, and 
academic engagement. 

Key factors influencing U.S. consumers’ 
acceptance of whole grains 

In addressing the first research question (RQ1: What are 
the key factors influencing U.S. consumers’ acceptance of grains 
including reasons that motivate or deter consumption), we found 
that the key factors impacting U.S. consumer’s acceptance of 
WGs included taste, price, knowledge, familiarity, attitude, and 
income/food insecurity, as well as interest in specialty categories 
such as organic. As many of the barriers identified were those 
indicated in prior country-specific studies (42–45) and one global 
narrative review (48), either previous interventions have been 
ineective at achieving desired aims, or interventions have largely 
not been implemented, indicating a need for action. Additionally, 
the barriers and drivers to WG consumption between the U.S. and 
other countries are largely similar, indicating that we can broadly 
utilize recommendations from these other studies to leverage 
interventions toward increasing U.S. consumption. However, it 
is important to note that low and middle income countries 
(LMIC) countries face additional barriers including convenience, 
because while many prepared WG products exist in the U.S. 
(91), cooking raw grains is often the most common option in 
LMIC. This scoping review reports on general descriptive trends 
of consumer acceptance factors seen in the included articles, as it 
is beyond its scope to provide linear, directional recommendations 
or insight on how factors interact dynamically due to the paucity of 
articles on each factor. 

Taste as a key barrier to WG consumer acceptance is 
supported by the literature (92–95), and while taste perceptions 
can vary by population (45), familiarization/exposure, taste 
assurances, grain breeding for whole-grain end-use, taste-testing, 
and intentional product formulation can change taste perceptions 
and consumption patterns (25, 40, 46, 72, 73, 95). Cost was also 
indicated as a barrier to WG consumption in previous studies (42, 

96), and some suggest that policy changes to reduce cost could 
aid in increased WG consumption, especially in lower-income 
populations through public aid programs (48). Organic is another 
attribute of interest, and while organic grain products are not 
necessarily WG, it is an important attribute to note as organic 
products have seen record high sales growth of $71.6 billion in 2024, 
a 5.2% increase from the previous year (97). Specifically related to 
grains, “bakery and fresh breads” was the largest category within 
grocery, and grew by 2.2%, driven by interest in sourdough. Due 
to organic wheat flour being an expensive input, it is beneficial 
for practitioners to know that to see increased sales in consumers 
not already committed to organic, taste assurances are the most 
eective intervention compared to organic education (75). 

Sociodemographic factors and food outlet availability were 
additional factors impacting consumer acceptance of WG through 
accessibility and availability of these products. While our included 
studies mentioned the impacts of various sociodemographic 
factors, income/food insecurity, country of origin, and education 
level were mentioned the most often with heterogeneity across 
these factors and their impact on consumer acceptance of WG. 
Food insecurity and income level are known to impact healthy 
eating across food groups, and policy change and advocacy to 
make WG more accessible is key to increasing their consumer 
acceptance (68, 69). Food outlet availability is another factor that 
influences WG purchasing and consumer acceptance. While only 
mentioned by two studies (57, 58) in our scoping review, food 
environment equities influence the availability and accessibility 
of WG. Similarly, availability of WG products at home is a 
barrier to intake with a study by Rosen et al. (98) showing 
that WG availability at home was a bigger barrier to intake 
than psychosocial factors in elementary children. Additionally, 
studies show that there is elevated prevalence of obesity in rural 
children, and tribal reservations have less access to health food 
such as WG products, emphasizing the need for food environment 
interventions that make healthy food accessible and aordable (67, 
99, 100). In addition, only one included paper (71) mentioned WG 
consumption in schools, with other reviews calling for these as 
primary outlets for getting WG to children (48). 

In addition to the impact of sociodemographic factors and 
food outlet availability on WG consumer acceptance (42, 48), 
the availability of WG products on the market has also been 
questioned regarding consumer acceptance, although this was not 
examined in our included studies. Some sources oer that WG 
product availability has increased, such as Sluyter et al. (90), who 
analyzed the Oldways Whole Grains Council (WGC) Stamped 
Product database and found that between 2008 and 2020, products 
using the WGC stamp increased their mean WG amount by 36%. 
This is seen in the fact that while there were 50 products using 
the stamp in 2005, this grew to more than 10,700 products in 
2020. Conversely, Metcalfe (25) noted that as the commodity grain 
system in the U.S. is set-up to make RG products from the breeder 
to the miller and baker, 95% of wheat is sifted in the U.S., resulting 
in the majority of grain products to be in their RG form. However, 
cereal breeding labs like the Washington State University Breadlab 
in Washington specifically breed grain with WG as the end-use, 
thereby breeding for optimal nutrition, flavor profiles, and the 
ability to taste terroir, or a sense of place, in the grain (101). 
Additionally, not addressed in our studies was the topic of WG 
and ultra-processed foods (UPFs). Many WG products and breads 
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would fall into the UPF category per NOVA classification, posing 
a potential public health crisis regarding consumer perception 
and intake of these WG products, resulting in negative health 
outcomes. However, studies such as Price et al. (102) and Price 
et al. (103) found that high-WG foods considered as UPFs via the 
NOVA classification system are not associated with the deleterious 
cardiometabolic risk factors typically accompanying UPFs. As a 
result, guidance on how to discourage UPF consumption while 
still encouraging WG consumption is needed, such as better UPF 
classification schemes that don’t erroneously vilify healthful foods 
such as WG and this should be taken into consideration before 
endorsement of current schemes. 

In harnessing the factors most impacting consumer acceptance 
of WG to increase engagement, although our included studies did 
not explicitly note the impact of public, private partnerships (PPP) 
(relationships between government, industry, academic and non-
profit groups) on increasing consumer acceptance of WG, studies 
in other countries found that PPP have been the most successful at 
increasing WG intake (49, 104). This is demonstrated by both the 
Danish Fuldkorn program (105), which successfully increased the 
average Danish citizen’s WG intake to an average of 82 g/day, and 
the new Swedish FullkornsFrämjandet WG program (106). PPPs 
as eective organizational approaches to increasing WG consumer 
acceptance was also recently endorsed by the international Whole 
Grain Initiative 2025 Declaration of Acts report (107). As a result, 
PPPs that could harness our identified factors of taste, price, 
knowledge, familiarity, attitude, and income/food insecurity could 
be eective in increasing WG consumer acceptance. In addition, 
based on our findings, multi-stakeholder campaigns that could 
help with consumer identification of WGs, including the definition 
of a WG, what counts as a WG food, WG benefits, and how 
to use labeling to discern the WG content of a cereal would 
be beneficial. We recommend feasibility studies to examine the 
most actionable methods as this is outside the scope of a scoping 
review (108). Upon analysis of 2003–2018 NHANES data, Du et al. 
(109) found that the diering WG food definitions from leading 
U.S. institutions resulted in disparate outputs for U.S. estimated 
intake, determination of WG foods, and associated WG food 
consumption trends. Furthermore, WG labels currently utilized 
by industry are not regulated by the FDA, which can lead to 
consumer confusion. As a result, a standardized WG definition 
and labeling requirement across U.S. regulatory, industry, and 
governmental groups is needed which would aid in establishing 
consistent associated trends in WG consumption. 

Key factors influencing U.S. consumers’ 
acceptance of alternative grain networks 

In addressing our two secondary research questions regarding 
consumer acceptance of local grain products and engagement with 
AGNs, there were only a handful of studies reporting on these 
topics. These findings oer a layered understanding of each specific 
AGN system through documenting observations, interviews, and 
quantitative findings to provide insights into the burgeoning world 
of local grain consumer interest. Regarding RQ2b (How do U.S. 
consumers engage with grains including through the commodity 
grain system or alternative grain networks (AGNs)?), it is important 

to note that while there were no articles utilizing the language of 
consumer engagement with the commodity grain system, likely 
due to syntax and a lack of its usage in consumer aairs, most of 
the included articles documented consumer engagement with the 
commodity grain system. However, three of our review’s articles 
qualitatively documented consumer engagement with AGNs (86– 
88) utilizing a case study format which poses certain strengths as 
well as weaknesses. 

Although there is a paucity of academic literature documenting 
AGNs in the U.S., thriving networks are represented by 
organizations such as the Artisan Grain Collaborative, Common 
Grain Alliance, WSU Breadlab, Glynwood Center for Regional 
Food and Farming, Maine Grain Alliance, and the Colorado Grain 
Chain, with some grey literature to support them. Additionally, 
articles documenting other aspects of AGNs besides consumer 
acceptance exist both in the U.S., and globally (110–117). These 
articles and grain networks describe AGNs as grain systems which 
create local markets for value-added, regionally grown small grains, 
re-regionalizing grain production, processing, and eating onto 
the landscape through diversifying farmer rotations, establishing 
localized intermediate processing such as grain cleaning, milling, 
and malting infrastructure for grain food and beverage end-use, 
and embedding local bakeries, retailers, breweries, and distilleries 
into communities (13, 114). AGNs may also focus on sustainable 
agricultural practices, value seed and food sovereignty, connect 
consumers to their food and those who made it, strengthen 
enterprise and farm-level resilience, diversify farmer income 
through value added products, and coordinate relationships 
amongst grain chain actors for enhanced product flows (114, 118– 
120). In addition, they can re-value farmer- and rural-ways of 
knowing and being. 

While documented in a qualitative manner in the included 
case studies, all three noted consumer interest in AGNs and their 
grain products, while none provided a quantitative assessment of 
the potential local grains market growth (86–88). Stedden et al. 
(114) document that while there is increased interest in more 
mainstream organic grains and oilseeds (soybeans and corn), with 
the U.S. supply unable to currently meet that demand, demand 
for wheat, oat, rye, and barley is also growing due to increased 
interest in local food systems (13). Kissing Keucek et al. (121) also 
document a burgeoning interest in local grains and the AGNs which 
produce and prepare them in the U.S., with additional literature 
pointing to their demand in Europe and the United Kingdom 
(110, 111, 122–124). Along with the broader literature on AFNs, 
all three studies noted that consumer engagement with AGNs 
as equally important stakeholders is crucial for their sustained 
development and continued demand, as grassroots and alternative 
governance structure movements can only continue so far as there 
is continued interest and investment from all members including 
consumers as their co-creators (125). However, the burden of 
advancing AGNs cannot fall solely on the shoulders of consumers, 
as they are only one member of the grain value chain and are 
already faced with countless food product purchasing decisions. 
As a result, for increased consumer engagement with AGNs, 
we recommend strategies that not only directly raise consumer 
awareness through education on the nutritional, agronomic and 
community benefits of AGNs, and embodied taste testing and 
sampling experiences to increase familiarization with the products 
they oer as demonstrated and called for by others (126, 127), but 
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also strategies that target activity across the rest of the value change 
including supporting infrastructure needs and grain market hubs 
(128), and utilizing policy change and research to better understand 
needs (129). 

Areas for future research and policy action to increase 
consumer engagement with AGNs include policy reviews and 
impact, economic, and market research to understand how 
AGNs have been aected and made an impact in these three 
categories so as to make informed decisions about future actions. 
In addition to these eorts, quantitative documentation of U.S. 
AGNs in the academic literature would be beneficial for a greater 
mapping of these networks and legitimizing of them in academic 
circles, redirecting funding toward supporting AGN research and 
outreach, which historically have been under-supported alongside 
other AFNs (130), and conducting market research to assess market 
growth for these AGNs, similar to what Platel and Russell (14) 
did for New York State in 2015 (97), would all be beneficial for 
advancing these networks. Policy review studies that assess the 
impact of regional grain policies such as those in the Northeast 
and other regions would be beneficial to better understand these 
policies’ eectiveness. Examples include assessing the economic 
and market impact of policy eorts such as the GrowNYC 
Greenmarket rule that requires bakery products to contain 25% 
local grain (89), state policy tax incentives such as the 2014 NY 
Craft Act (131), and policies the support the development of AGN 
infrastructure such as the USDA Farm Storage Facility Loans (132) 
and Resilient Food System Infrastructure (133) technical assistance 
programs1 to establish the eect that these policies have had on 
establishing AGN infrastructure, creating demand and markets 
for local grains, and benefiting farmers, processors, end-users and 
consumers in each region. Understanding this impact will allow for 
future policy recommendations, such as continued tax incentives 
for business incorporating a minimum amount of local grains, and 
on a broader level, reform to policies surrounding crop subsidies. 
Economic impact studies such as the ‘Report on Economic Impact 
of Craft Brewing on the State of Vermont’ (134) are needed for 
AGNs to better understand the economic impact of regional grain 
networks both to use this information as an advocacy tool as well as 
to better target future eorts. 

Key factors influencing U.S. consumers’ 
acceptance of local grains 

The main factors consistent across all three articles for 
consumer acceptance of local grain products (RQ2a: What are the 
key factors influencing U.S. consumers’ acceptance of local/regional 
grain products?) were loyalty to AGNs, value for community 
and supporting small businesses, accessibility to local grains as a 
result of AGN value chain partnerships, and taste for local bread. 
The included studies displayed heterogeneity in the premium 
that consumers are WTP for local bread, and commented on 
the need for equitable access but did not mention available 

1 Other federal funding streams including SARE, USDA LFPP, USDA OMDG, 
USDA OREI, and other programs that are available from general regional 
food system and agriculture research have in cases been instrumental in 
supporting the development of AGNs across the country. 

programing. However, AGNs are working to find innovative ways 
to increase equitable access to these products through programs 
such as “Neighbor Loaves,” which started during the COVID-
19 pandemic and continues into the present at various bakeries 
across the country, providing customers with opportunities to 
purchase regionally sourced loaves of bread for food pantries (135) 
Additional mechanisms for equitable access include some farmer’s 
markets programs which allow SNAP EBT users to use SNAP 
benefits on almost all food items at a farmer’s market (excluding 
hot, prepared items, and soap and flowers), increasing consumer 
access to local grains (136). Supporting the continuation and 
expansion of this program to more markets, along with the SNAP 
Double Up program, which is available in 25 states and doubles the 
amount that SNAP users can spend at a market, can also help with 
equitable access to local grains (137). Finally, AGN leaders call for a 
deeper dive into the SNAP funding structures and criteria that must 
be met for a local business to oer SNAP benefit redemption for 
their goods, potentially oering an additional avenue for increased 
equitable access to local grains (personal correspondence, 2025). 

Similar to the organic wheat product category, our studies 
showed that there is a select segment of consumers who are 
interested in local grain products, but they did not go into detail 
on these consumer profiles However, a recent consumer survey 
of 1,500 census-representative U.S. adults conducted in 2025 by 
the Whole Grains Council (WGC), Artisan Grain Collaborative 
(AGC), and University of Minnesota (UMN) found that two 
out of five consumers value local grains, two out of five are 
indierent, and the remainder do not value local grains. They 
segmented consumers into three groups when it comes to how 
they value the environmental, social (e.g., community support), 
and practical (e.g., nutrition and freshness), aspects of local 
grains: local grain enthusiasts, local grain value skeptics, and 
local grain idealists (138). The survey also showed that cost, 
limited availability, and hard-to-identify were the main barriers for 
purchasing local grains, while taste opportunities, better labeling 
and signage, and information on true cost would all be motivators. 
A survey of 202 NY GrowNYC Grainstand customers found 
that the majority of consumers bought local grains and dry 
beans because they wanted to support local growers, and that 
increased educational opportunities, tasting experiences, and local 
grain availability would help them purchase more products (127). 
Farmers, millers, bakers, and retailers who sell direct-to-consumer 
can utilize this information to tailor their marketing strategies for 
increased consumer acceptance of local grains, as well as policy 
advocates who can build policy cases based on the surveys’ findings 
around the need for greater consumer educational and tasting 
experiential opportunities. Baker and Russell (86) and others (114) 
also note that along with direct consumer interest, the coordinated 
partnerships along the value chain are what allow consumers to 
access organic and local products made with high quality grains 
and flours, emphasizing the importance of involvement and action 
by all grain value chain stakeholders for increased consumer 
acceptance of these local grain products. 

As follows, policy action and research are key for advancing 
consumer acceptance of and access to local grains. Regarding future 
research, while nutrition was not noted as a key factor, local grain 
products have the potential to be delicious, nutritionally dense 
components of a healthy meal, as they often oer a diversity 
of heritage and heirloom grains to consumers, distinct from the 
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few modern varieties of rice, wheat, andcorn that consumers 
commonly eat (25). In addition, these AGNs typically involve 
craftsmanship in their production such as stone-milling and long-
fermentation which can create value-added traditional local grain 
products and elevate these products from their often-discounted 
view as ubiquitous and standardized, to a featured spot on the 
menu. As follows, AGN leaders note that studies examining the 
nutrient density of local grains could aid mills, bakers, and retailers 
in labeling their products with accurate nutritional information 
as well as potentially give them a marketing edge if the local 
flour and grain products show greater nutrient density (personal 
correspondence, 2025. Many factors would need to be considered 
in such a study including growing conditions, varietal type, region, 
and product processing. As no included studies reported on U.S. 
consumer interest in alternative grains such as heritage wheats or 
diverse grains such as oats or barley, or pseudocereals such as 
quinoa or amaranth, academic research examining this relationship 
could aid in better understanding consumer markets. This research 
could be modeled o studies in Canada (139) and Europe (140, 141) 
which document such interactions, as well as a study in the U.S. 
which was outside of our inclusion criteria as it utilized trained 
panelists (121). Additional studies include a systematic review on 
consumer acceptance of these grains globally (142), as well as 
consumer insight surveys which did not meet our inclusion criteria, 
such as the WGC survey (143) and the 2023 Ardent Mills survey 
examining consumer interest in ancient grains (144). All of these 
resources document a segment of consumers who are interested 
in these products. Additionally, although local grain products are 
not inherently WG, a study examining how often local grains 
are oered in their WG form could aid in better understanding 
how local grain products contribute to health and substantiate the 
evidence for their purchase and inclusion in local food systems. 

Limitations 

There are limitations inherent to scoping reviews. We do 
not rank the quality of the evidence for the included studies, 
because this is not methodologically appropriate for a scoping 
review (53, 108). Clinical decisions, therefore, should not be based 
on this and other scoping reviews alone. As it is also outside a 
scoping review to provide a feasibility assessment, we encourage 
layering these findings with feasibility assessments of included 
recommendations for most actionable results. There is also the 
potential for publication bias in scoping reviews as studies with 
negative results are reported less often, resulting in a scoping review 
that broadly maps the landscape with only positive and statistically 
significant findings. In addition, since we excluded gray literature, 
publication bias is potentially greater. 

Consumer perceptions are subjective and should be 
taken accordingly. There were most often only a few studies 
reporting on each attribute (other than the WG category) so 
generalizing the findings should be conducted with this in 
mind. Additionally, the study designs displayed a great deal 
of heterogeneity, ranging from focus groups to randomized 
control trials to observational studies. As a result, the findings 
are not directly interchangeable, unlike the findings in a meta-
analysis. However, the descriptive findings are still valuable 

for mapping the current evidence base and making research 
recommendations. Additionally, the three articles examining 
consumer acceptance of AGNs and local grains were qualitative 
case studies, which could provide more of a subjective view of the 
analysis and findings. 

Our exclusion criteria eliminated food science and technology 
articles looking at trained sensory evaluation and formulation of 
grain foods in a laboratory setting, potentially excluding articles 
which could have contributed sensory acceptance findings on 
grain products. However, as we wanted to examine untrained 
consumer acceptance of grain products already on the market 
in a non-laboratory setting, these food technology and trained 
food sensory evaluation studies in a laboratory setting are outside 
of the scope of our study. However, we recommend a follow 
up scoping review mapping the WG and grain product food 
formulation and food science specific research landscape. Finally, 
our search was limited to English language publications which 
may have limited our findings. However, as our review was 
focused on U.S. consumer acceptance, there is likely less impact 
from this limitation as opposed to a review focusing on global 
consumer acceptance. 

Conclusion 

The current challenges facing food systems call for a transition 
from our current model to one that supports both planetary 
and human health. Grains, a historically grown and globally 
consumed staple crop, remain as a core component of human 
diets. Increasing the diversity of grains grown in regionalized 
food systems, as well as in the human diet in their whole 
grain form can aid in a transitioned and enhanced food system. 
This scoping review documents U.S. consumer acceptance of 
grain foods and engagement with alternative grain networks and 
resulted in understanding the key factors impacting consumer 
acceptance of whole grains, local grains, and alternative grain 
networks. The key factors mentioned most frequently in our 
included articles for whole grain consumer acceptance included 
taste, price, knowledge, familiarity, attitude, and income/food 
insecurity, and interest in specialty categories such as organic. 
Future research and policy initiatives must focus on these factors 
as key levers for increasing whole grain consumption in the U.S. 
Additionally, this review found that consumer acceptance for 
local grain products through engagement with alternative grain 
networks was based on loyalty to alternative grain networks, value 
for community and supporting small businesses, and taste for local 
bread. These alternative grain networks oer an additional way to 
enhance the grain-based system and transition our food system 
to one that is equitable, just, nutritious, and ensures planetary 
flourishing now and into the future. We make policy and research 
recommendations for the advancement of these alternative grain 
networks and the local grains they produce, including policy and 
economic impact reviews to understand how local grain policies 
have impacted the landscape to date, future research to explore 
nutrient density of local grains as well as methods for increased 
equitable access, and continued support for grain value chain 
infrastructure programs. 
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