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 Baltimore high school students 40% more likely to be 

obese than high school students statewide
 Centers for Disease Control Youth Risk Behavioral Surveillance System

Barriers to Health for Youth in Baltimore



"Spice MyPlate": A Pilot Nutrition Education Intervention 
Focusing upon Spices and Herbs to Improve Diet Quality 

among Baltimore City High School Students 



 Research Question: Can "Spice MyPlate", a school-based 

nutrition education program focusing on spices and herbs, 

improve diet quality among high school students in 

Baltimore more effectively than standard nutritional 

education alone? 

 Specific Aim I: To determine whether the nutritional education 

program focusing upon spices and herbs improves objective 

measures of diet quality (3 day food logs) more than 

standard nutritional education alone.

 Specific Aim II: To determine whether the nutritional education 

program focusing upon spices and herbs improves subjective 

measures of diet quality (healthy eating attitudes 

questionnaires) more than standard nutrition education alone.

Spice MyPlate: 
Research Question & Specific Aims



 6 weekly, school-based, classes focusing on spices & herbs 

 Community stakeholder engagement to develop engaging program 

 Colorful Spice MyPlate participant workbook

 "Flavor profiles": spices & herbs didactic education

 Sensory engagement with spices & herbs

 Creating healthier versions of foods students enjoy using spices & herbs

 Cooking with spices & herbs

 Focus on 12 core spices & herbs

 Black pepper, basil, garlic, oregano,                              cinnamon, 

thyme, nutmeg, red pepper, ginger,                                                

turmeric, rosemary, cumin

 Stakeholder engagement informed choice:

 Palatability, affordability, accessibility, versatility,                                                                     

health benefits, mix of familiarity & novelty

Spice MyPlate: Intervention Content



Spice MyPlate: Intervention Content



Spice MyPlate: Intervention Content



Spice MyPlate: Intervention Content

Grocery Store Tour Cooking Class with Chef Len King



Spice MyPlate: Intervention Content

Baltimore "Chicken Box" Spice MyPlate "Chicken out of the Box"



Patterson

High School
Baltimore 

Freedom Academy
564 students

99% racial minority

74% school lunch program

Spice MyPlate Group (n=55)

1,069 students

88% racial minority

75% school lunch program

Control Group (n=55)

Spice MyPlate: Study Sample



Spice MyPlate: Two-Arm Community Trial

+

Control Arm Intervention Arm

1 hour 

standard nutrition 

education

(“Real world” control )

Outcomes

Baseline
(pre-intervention)

Week 3
(intervention mid-point)

Week 6
(end of intervention)

Week 10
(follow-up)

6 hours     

Spice MyPlate 

nutrition 

education

2 hours 

cooking 

sessions

1 hour grocery 

store tour

1 hour 

standard nutrition 

education 
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Spice MyPlate Group

Control Group

Fruit
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Dairy

No Difference in Vegetables, Fruits, Dairy
Spice MyPlate within-group trend toward 

increase from baseline to week 6 (p=0.06)
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at baseline (p=0.02)

Spice MyPlate between- &        

within-group increase from 

baseline to week 10 (p<0.01)

Spice MyPlate Group

Control Group

Increased Whole Grains in Spice MyPlate

Spice MyPlate trend 

within-group increase from 

baseline to week 3 (p=0.06)



Spice MyPlate Group

Control Group
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Increased Protein in Spice MyPlate

Spice MyPlate between- & within group- increases 

from baseline to week 3, week 6, & week 10 (p<0.05)



Healthy Eating Attitudes 
Improved in Spice MyPlate

How likely are 
you to eat ____

Baseline to Week 3 Baseline to Week 6 Baseline to Follow-up

Spice 

MyPlate

Control Spice 

MyPlate

Control Spice 

MyPlate

Control

Vegetables 0 + 0 0 + 0

Fruit 0 0 0 0 0 0

Whole grains 0 0 0 0 0 0

Protein + 0 + 0 + 0

Dairy 0 0 + + + 0

+ Indicates more likely to consume than at baseline (p ≤ 0.05)

+ Indicates trend toward more likely to consume than at baseline (0.05 < p ≤ 0.10)

0 Indicates no difference in likelihood of consuming than at baseline

- Indicates less likely to consume than at baseline 



Healthy Eating Attitudes 
Improved in Spice MyPlate

Would using 

spices & herbs 

make you more 
likely to eat…

Baseline to Week 3 Baseline to Week 6 Baseline to Follow-up

Spice 

MyPlate
Control

Spice 

MyPlate
Control

Spice 

MyPlate
Control

Vegetables + 0 + 0 + 0

Fruit 0 0 0 0 0 0

Whole grains 0 + + 0 + 0

Lean protein + 0 0 0 0 0

Dairy 0 0 0 0 0 0

+ Indicates more likely to consume than at baseline (p ≤ 0.05)

+ Indicates trend toward more likely to consume than at baseline (0.05 < p ≤ 0.10)

0 Indicates no difference in likelihood of consuming than at baseline

- Indicates less likely to consume than at baseline 



Spice MyPlate: Peer-Reviewed Publication

D’Adamo CR., McArdle PF., Balick L., Peisach E., Ferguson T., Diehl A., Bowden 

B., Pierce B., Berman BM. (2016). Spice MyPlate: Nutrition Education focusing 

upon Spices and Herbs May Improve Diet Quality and Attitudes among Urban 

High School Students. Am J Health Promot. 30(5) 346-356



Spice MyPlate: USDA Endorsement



Spice MyPlate: USDA Collaboration

“Youth Engagement Strategies for Healthy School Nutrition Environments”

Cheryl Lewis-Jackson, MPA, RD, LDN; National Director, Nutrition Education, Training, & 

Technical Assistance Division; Child Nutrition Programs, USDA Food & Nutrition Service

Erika Pijai, MS, RD; Senior Nutrition Technical Advisor; Child Nutrition Programs,    

USDA Food & Nutrition Service

Brandin Bowden, MS; Senior Program Manager, The Institute for Integrative Health

Chris D’Adamo, PhD; Assistant Professor, Departments of Family and Community 

Medicine & Epidemiology and Public Health, Director of Research, Center for Integrative 

Medicine, University of Maryland School of Medicine 



Using Spices and Herbs to Increase Vegetable Intake 
Among Underserved Urban High School Students 

in the National School Lunch Program



 Spice MyPlate: improved attitudes towards eating vegetables
 More likely to eat vegetables flavored with spices & herbs at all time points

 No improvement in student vegetable intake
 Numerous barriers to purchasing & eating vegetables at home in Baltimore

 Lack of access - food deserts with no availability, prohibitive cost, etc.  

 Potential solution: all Baltimore high school students have 

free access to vegetables in National School Lunch Program

Current Study Rationale



National School Lunch Program (NSLP)

 Federally-assisted USDA meal program offered in > 100,000 

public & non‐profit private schools across the United States

 Serves free/reduced-price lunches in 92% of American schools to over 

30 million students each school day… 5 billion meals per year

 Program has $9 billion annual budget

 Offered since 1946, major changes in 2012-2013 school year

 School meals aligned with 2010 Dietary Guidelines for Americans

 Provide healthier options



NSLP Challenges & Research Opportunity

 Historically: low vegetable intake in NSLP

 2008 Institute of Medicine report: vegetable intake lowest in high school

 14-18 year olds: consumed 43% of recommended vegetables (overall),                                  

18% of dark green & orange vegetables 

 Vegetable waste persists after 2012-2013 NSLP changes 

 Findings mixed, data still emerging… call for novel interventions 

 Gase et al (2014)  Prev Med. 67(1):S28-33; Byker et al (2014). J Nutr Educ

Behav. 46(5):406-11; Just et al (2014). Appetite 83:242-7.



Study Overview

 Research Question: Can using spices & herbs increase 

NSLP vegetable intake among urban high school students? 

 Specific Aim I: To determine modifiable barriers to NSLP 

vegetable intake at a high school in Baltimore

 Potential barriers: taste, appearance, odor of NSLP vegetables; lack of 

familiarity with vegetables; social stigma; etc.

 Specific Aim II: To assess how spices & herbs can be used to 

overcome modifiable barriers to NSLP vegetable intake

 Student sensory testing of new vegetable recipes using spices & herbs 

(taste, appearance, odor, etc.)  

 Specific Aim III: To incorporate knowledge from Aims I & II to 

evaluate whether adding spices & herbs to NSLP will increase 

vegetable intake

 Vegetable plate waste (primary outcome)



Registration on ClinicalTrials.gov

Research Team: Chris D’Adamo, PhD (PI); Elizabeth Parker, PhD, RD; 

Patrick McArdle, PhD; Brandin Bowden, MS; Brian Berman, MD



Key Partnerships in Baltimore Schools

Dr. Bill Heiser
President

Cristo Rey Jesuit High School of Baltimore



Cristo Rey High Schools

 Network of 30 high schools in United States                           

 Enrollment limited to underserved youth

 97% students of color

 Over 10,000 students in cities across the United States

 Cities include: New York, Los Angeles, Chicago, Seattle, Boston, 

Houston, Miami, Oakland, St. Louis, Detroit, Birmingham, etc.

 Centralized leadership w/ Presidents, Principals, etc. at each site

 Opportunity for future expansion into other schools in network

 Cristo Rey High School - Baltimore

 350 students

 Predominantly African-American

 Pre-intervention vegetable intake “very, very low” 



Aim I: Barriers to NSLP Vegetable Intake

 Student surveys administered during 2015-16 school year

 Favorite & least favorite vegetables?

 What meal characteristics are most important?

 Flavor, variety, appearance, aroma, texture, familiarity, satiety (“fullness”)

 How do you feel about eating vegetables in school lunch?

 Likert scale NSLP vegetable “liking” survey, social judgment, etc.

 How could school lunch vegetables be improved?

 Flavor, more exciting, increased variety, etc.

 NSLP vegetable intake barriers identified:

 Flavor

 Texture

 Aroma

 Unfamiliarity



Aim II: Using Spices & Herbs to Overcome                         
Barriers to NSLP Vegetable Intake

 Hypothesis: spices & herbs well-accepted… may surmount 

barriers of flavor, aroma, appearance of vegetables 

 Tested vegetable recipes with spices & herbs among 

Cristo Rey students during 2015-2016 school year

 Sensory-tested: flavor, aroma, appearance, texture

 Recipes ranked, Likert-scale surveys, qualitative feedback collected 

 Simple: vegetables steamed or raw

 Allows for reproducibility in other schools

 Only readily accessible spices & herbs

 Allows for reproducibility in other schools







Aim II: Using Spices & Herbs to Overcome                         
Barriers to NSLP Vegetable Intake

 All spiced vegetable recipes met USDA NSLP guidelines

 Calories, macronutrients, sugar, sodium, etc.

 Vegetable recipes publicly-available 

 Goal: reproducibility in other high school settings



Aim III: Comparing Intake of                       
Plain and Spiced Vegetables

 Vegetable intake comparison:                                        

“plain” (oil/salt) vs. “spiced” (oil/salt + spices & herbs)

 Important - only difference addition of spices & herbs

 Vegetable intake assessed by weighed plate waste

 “Gold standard” of dietary intake in cafeteria settings

 Vegetables served in containers & weighed for served weight

 Mean weight of 10 served scoops = estimated daily served weight

 Intake = estimated daily served weight - returned container weight

 7 IRB-approved research staff in cafeteria every day

 3 by trash cans to collect lunch trays, 2 floaters/runners to bring 

vegetable cups for weighing, 2 weighers

 Data collection relatively seamless



Aim III: Comparing Intake of                       
Plain and Spiced Vegetables

 Two month-long vegetable intake assessment periods 

during 2016-2017 school year (November & April) 

 Each month assessment period: 2 weeks plain, 2 weeks spiced 

 Account for changes in vegetable intake due to novelty 

 Evaluated effect of accompanying student-led advocacy

 Phase I (November): “Naïve” - no accompanying student advocacy 

 Phase II (April): Student-led advocacy (displays, signage, etc.)

 Minimal investment of resources

 Goal: allow for reproducibility in other settings



Aim III: Comparing Intake of                       
Plain and Spiced Vegetables

 Student-led advocacy: spice & herb displays



Aim III: Comparing Intake of                       
Plain and Spiced Vegetables

 Student-led advocacy: signage



Aim III: Comparing Intake of                       
Plain and Spiced Vegetables

 Vegetables tested

 Both phases – steamed carrots, broccoli, vegetable medley 

(broccoli, carrots, cauliflower)

 Phase I only – black beans & corn (inconsistent preparation), 

peas (recipe problem)

 Phase II only – green beans, raw carrots

 Statistical methods

 Mean vegetable intake (plain vs. spiced) compared overall &    

for each vegetable via t-tests or Wilcoxon Rank Sum test

 Assessed effect of student advocacy as interaction term in 

generalized linear model



Results: All Vegetables
 Primary Outcome (both phases)

 Total sample: n = 4,285 plates

 Plain: n = 2,160

 Spiced: n = 2,125

 Mean total vegetable intake

 Plain = 1.58 ounces, Spiced = 1.90 ounces

 Difference = 0.32 ounce, p < 0.0001

 20.7% increase in total vegetable intake when spiced



Results: All Vegetables – Naïve
 Total sample: n = 2,397 plates

 Plain: n = 1,169

 Spiced: n = 1,228

 Mean total vegetable intake

 Plain = 1.63 ounces, Spiced = 1.88 ounces

 Difference = 0.25 ounce, p < 0.0001

 15.4% increase in total vegetable intake when spiced



Results: All Vegetables – Student Advocacy
 Total sample: n = 1,888 plates

 Plain: n = 991

 Spiced: n = 897

 Mean total vegetable intake

 Plain = 1.52 ounces, Spiced = 1.93 ounces

 Difference = 0.41 ounce, p < 0.0001

 27.2% increase in total vegetable intake when spiced

 Regression modeling – effect of student advocacy

 Interaction term: student advocacy x intake, p = 0.08



Challenges
 Low baseline: vegetable intake, knowledge, attitudes; 

spice & herb knowledge, attitudes
 Plain vegetable intake = 1.58 ounces… similar to our Spice 

MyPlate, Mission Thrive Summer publications

 ≈ 20% of plates did not try vegetables at all

 Did not try: plate waste ≥ mean served weight

 Subgroup analysis of plates that tried at least some vegetables underway  

 Variability in high school kitchen and cafeteria
 Serving scoop sizes vary, consistency varies (black beans & corn) 

 Suboptimal food pairings & vegetable recipes
 Ex.) black beans & corn with tacos one day… fish sticks the next

 Many vegetable recipes mixed poorly, uneven flavor



Conclusions
 Adding spices & herbs to NSLP vegetables and 

evaluating intake feasible in urban high school
 Large study

 Cooperation from school – administration, faculty, kitchen, students

 Modest increases in both overall vegetable intake &   

most individual vegetables tested
 20.7% overall increase, 27.2% increase with student-led advocacy

 Consistent across two semesters, ≈ 5,000 plates collected

 5 of 7 spiced vegetable dishes increased intake compared to plain

 Relatively small absolute change 

 Increase: Carrots (steamed & raw), broccoli, vegetable medley, 

green beans

 Decrease: Black beans & corn, peas (problems with both recipes)



Conclusions
 Minimal resources for increased vegetable intake

 Any vegetable intake increase worthwhile in this demographic

 ≈ .75 ounce mean intake increase among vegetables that increased

 > 40% mean intake increase among vegetables that increased

 Adding spices & herbs: low-cost, low time investment

 Student-led advocacy: no cost, student ownership in process, 

generates increased health behavior awareness

 Recipe flexibility for kitchen staff: demographic-tailored, kitchen 

ownership in process



Thank you! Questions?

Contact Information: 

cdadamo@som.umaryland.edu


