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Contributors to Fruit and Vegetable Consumption in 
Diverse Food Environments

ABSTRACT Worldwide, adults consume fewer fruits and vegetables (FVs) than
recommended. The food environment is one potential influence on dietary quality,
where food venues, food types, and processes impact the availability and affordability of
high quality and desirable FVs. This research examined disparities in availability,
affordability, quality, and desirability of FVs in rural versus urban food environments as
measured by observational surveys, consumer sensory testing, and total phenolic
concentration. Metrics to evaluate FV availability, affordability, quality, and desirability
will be presented. Our findings indicate that fruits and vegetables were significantly
lower in quality and desirability in all three measures on the basis of rurality.
Intervention strategies should aim to increase FV quality and desirability in rural food
environments to promote consumption. These findings should be examined for their
applicability in various settings worldwide towards reducing disparities among food
environments.
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Food + Health Lab

The Food + Health Lab at Montana State University, co-led by Dr. Carmen Byker
Shanks (Human Nutrition and Behavior) and Dr. Selena Ahmed (Phytochemistry +
Agroecology), carries out basic + applied research in the field and in the lab to
improve dietary quality for human + environmental health outcomes.

Carmen Byker Shanks, PhD, RDN
Human Nutrition + Behavior

4



1. Framework

Food
Food 

Environments
Health



Dietary Quality

Food Health

Co-Construction of Food 
and Health Linkages

Foods consumed produce an overall dietary quality (nutrient or energy
dense) and ultimately influence health outcomes.



Food Patterns Vary

Source: Dietary Guidelines for Americans, 2010 





Knowledge Does Not Equal Behavior



Socio-ecological Framework Depicting the Multiple Influences of What People Eat
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Co-Construction of 
Food Environments and Food Linkages

Food environments influence what food is available, affordable, convenient,
desirable, and quality.



Food Environments Vary

Source: Shutterstock



Food Environments 
in Transition



Food Environments and Nutrition Transitions
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Food environments influence what food is available, affordable, convenient,
desirable, and quality. Foods consumed produce an overall dietary quality
(nutrient or energy dense) and ultimately influence health outcomes, leading to a
nutrition transition.



Source: Association of Dietetics and Nutrition

Source: Popkin, et al. 2012. Global nutrition transition and the pandemic of 
obesity in developing countries. Nutrition Reviews.



2. Food and Health in a 
Food Environment Context
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Depending upon the context, food environments influence what food is
available, affordable, convenient, desirable, and quality. Foods consumed
produce an overall dietary quality (nutrient or energy dense) and ultimately
influence health outcomes.



Where is Montana?



Characterizing Montana



Rurality of Montana

Source: ers.usda.gov



Montana Food Environment



Montana Food Environment
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Montana Food Environment
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Specific Aims
(1) Assess disparities in food environments 

(2) Evaluate the impact of foods selected in the food environment on 
dietary quality

(3) Apply findings to design and implement interventions to improve 
dietary quality through participatory approaches

(4) Assess the interactive effects interventions on food, food 
environments, and health

(5) Identify effective policies and influence their implementation for 
improved food, food environments, and health outcomes
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Characterize the Food Environment
Method: Nutrition Environment Measures Survey for Stores



Characterize the Food Environment
Findings: Significant differences in NEMS–S scores for quality of fruits and vegetables
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Table 2. Analysis of Variance of NEMS–S Scores for Fruits and Vegetables by County Rurality Measured by 2013 Rural
Urban Continuum Code (n = 20), Study on Availability, Price, and Quality of Fruits and Vegetables, Montana, 2014

RUCCa

NEMS–S Score, Mean (SD)

Totalb Availabilityc Priced Qualitye

3 28.7 (7.4) 22.7 (2.5) 3.7 (4.7) 5.7 (0.6)

6 28.2 (5.5) 18.5 (5.2) 3.7 (2.5) 6.0 (0)

7 14.7 (17.5) 9.0 (11.5) 2.0 (3.5) 3.7 (3.2)

8 25.5 (4.7) 19.5 (2.6) 2.5 (1.3) 3.5 (2.6)

9 21.8 (2.2) 15.8 (4.1) 2.5 (3.0) 3.5 (1.3)

Abbreviation: NEMS–S, Nutrition Environment Measures Survey for Stores; RUCC, rural–urban continuum code; SD, standard deviation.
a RUCCs range from 1 through 10: ranges 1 through 3 are classified as metro (urban; counties in metro areas; population ≥250,000), and 4 through
10 as nonmetro (rural; counties not in metro areas; population <250,000).
b Of 54 possible points; P = .35, Kruskal–Wallis test for overall differences in NEMS–S scores by RUCC.
c Of 30 possible points; P = .17, Kruskal–Wallis test for overall differences in NEMS–S scores by RUCC.
d Of 18 possible points; P = .87, Kruskal–Wallis test for overall differences in NEMS–S scores by RUCC.
e Of 6 possible points; P = .03, Kruskal–Wallis test for overall differences in NEMS–S scores by RUCC.
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Abstract
We assessed the consumer food environment in rural areas by us-
ing  the  Nutrition  Environment  Measures  Survey  for  Stores
(NEMS–S) to measure the availability, price, and quality of fruits
and vegetables. We randomly selected 20 grocery stores (17 rural,
3 urban) in 12 Montana counties using the 2013 US Department of
Agriculture’s rural–urban continuum codes. We found significant
differences in NEMS–S scores for quality of fruits and vegetables;
of  6  possible  points,  the  mean quality  score  was  4.5;  of  rural
stores, the least rural stores had the highest mean quality scores
(6.0). Intervention strategies should aim to increase fruit and ve-
getable quality in rural areas.

Objective
Rural populations are disproportionately affected by obesity and
its associated chronic diseases (1). Access to healthy food is key in
promoting intake of nutrient-dense foods that prevent nutrition-re-
lated chronic disease and obesity (2). Food environments with ac-
cessible and affordable healthful foods support healthful individu-
al food choices and consumption (3). Research on food and store
quality in the rural food environment is limited (4). A recent sys-
tematic review of the consumer food store environment found 3
times as many audits of urban environments (n = 39) as rural en-
vironments  (n  = 13);  it  also  found the  Nutrition  Environment
Measures Survey for Stores (NEMS–S) to be most frequently used

to assess food availability (5). Of the 13 audits of the rural con-
sumer food environment, only 8 used the NEMS–S. The objective
of this study was to assess the consumer food environment in rur-
al areas in Montana by using the NEMS–S to measure the availab-
ility, price, and quality of fruits and vegetables (5).

Methods
This observational study of grocery stores in rural Montana towns
was conducted from January to November 2014. NEMS–S was
used to assess the availability, price, and quality of fruits and ve-
getables. Development and testing of the measurement tool is de-
scribed elsewhere (6). The study was exempt from review.

Study sites were randomly selected on the basis of the 2013 US
Department  of  Agriculture’s  rural–urban  continuum  codes
(RUCCs) (7). RUCCs range from 1 through 10: ranges 1 through
3 are classified as metro (urban; counties in metro areas; popula-
tion ≥250,000), and 4 through 10 as nonmetro (rural; counties not
in metro areas; population <250,000). No counties in the United
States are classified as 10. We selected sites with a RUCC classi-
fication of 6 or higher (population <20,000).

Rural  counties  were  randomly  selected  from  a  master  list  of
Montana RUCCs by using a random number generator. Random
selection of sites continued until at least 3 counties were identi-
fied for each RUCC classification 6 through 9. One urban control
county was randomly selected.

The largest town by population size was systematically selected in
each county. When a county was selected more than once, the next
largest town by population size was selected. In each town, the
largest grocer was selected (only 1 rural town selected had more
than 1 grocer). Given the density of large grocers of the same size
in the urban control county (Missoula County), we selected 3 urb-
an stores.
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Characterize the Food Environment
Method: The Produce Desirability Tool (ProDes) 



Characterize the Food Environment
Findings: Total ProDes Score and Rurality
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Characterize the Food Environment
Findings: Total Pro Des Score , Overall Desirability for Fruits and Vegetables
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Characterize the Food Environment
Findings: Touch and Firmness and Visual Appeal for Fruits and Vegetables
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Characterize the Food Environment
Findings: Size and Aroma for Fruits and Vegetables
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Characterize the Food Environment
Method: Total Phenolic Concentration as a Measure of Produce Quality 

Spectrophotometric Folin-
Ciocalteau reagent method



Characterize the Food Environment



Characterize the Food Environment

“The phenolic class of 
phytochemicals has been identified 
to play an important role in FV 
quality through an influence on 
flavor, appearance, health-
promoting attributes, and stability.” 

Example: anthocyanins
(Ahmed and Byker Shanks, 2017)



Characterize the Food Environment
Findings: FV Total Phenolic Scores and Rurality
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Characterize the Food Environment
Findings: Vegetable Total Phenolic Scores and Rurality
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Specific Aims
(1) Assess disparities in food environments 

(2) Evaluate the impact of foods selected in the food environment on 
dietary quality

(3) Apply findings to design and implement interventions to improve 
dietary quality through participatory approaches

(4) Assess the interactive effects interventions on food, food 
environments, and health

(5) Identify effective policies and influence their implementation for 
improved food, food environments, and health outcomes

40



Food and Health in the Food 
Environment Context of the 
Montana Food Environment
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Eat Fresh and Local at Commodities
(Food Distribution Program on Indian Reservations (FDPIR)

Photo credit: Bozeman Community Food Coop
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Findings



(1) Understand the mechanisms that produce nutrient dense
food choices, healthy food environments, and positive health
outcomes.
(2) Establish evidence based interventions to be utilized across
communities that simultaneously improve food, food
environments, and health outcomes.
(3) Identify effective policies and influence their implementation
for improved food, food environments, and health outcomes.



The Future of Food Environments
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