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Abstract
Objective: This study evaluated whether providing the Fruits 

and Vegetables (F/V) required by the Healthy Hunger-Free Kids Act 
(HHFKA) increased phytochemical/antioxidant content of school 
lunches.  Additionally, the ability of adolescents to apply their 
nutritional knowledge following participation in a nutrition-focused 
science-based curriculum was assessed. 

Methods: Changes in antioxidant/phytochemical content 
from F/V offered in school lunch menus were analyzed Pre-and 
Post-HHFKA. Food logs completed by 717 youth aged 10–18 were 
analyzed for correctly identifying “fighting foods”.  

Results: Significant increases in antioxidant/phytochemical 
content resulted following implementation of HHFKA (P<0.05). 
Seventy-five percent [0, 100] of the time students accurately 
identified “fighting foods” in their one-day in-school food log (n=468).  

Conclusions and Implications: Creatively incorporating nutrition 
education into core curriculum, when paired with a supportive built 
environment that increases F/V access (HHFKA), generates a multi-
level intervention promoting F/V consumption among school-aged 
youth. 

Keywords: Phytochemicals, Environmental contaminants,  
Healthy Hunger-Free Kids Act, School lunch and/or National school 
lunch program

Received: January 27, 2016; Accepted:  February 27, 2016; Published: March 09, 2016

*Corresponding author:  Dawn Brewer, Assistant Professor, Department of Dietetics and Human Nutrition, University of Kentucky, 209C Funk-
houser Building, Lexington, KY 40506, Tel: +859-257-1661; Fax: 859-257-3707; E-mail address:  Dawn.Brewer@uky.edu

number of F/V requiring ¾ to 1 cup of vegetables/day and ½ to 1 
cup of fruits/day, which differed from previous policies requiring 
½ to 1 cup of fruits or vegetables offered/day. Furthermore, the 
HHFKA established weekly age-dependent amounts of vegetable-
subgroups to be served. By changing the built environment in 
this manner, the expectation was that NSLP participants would 
consume more F/V [4], and subsequently increase phytochemical 
and antioxidant vitamin intake. Phytochemicals are components 
found in plant matter including fruits, vegetables, legumes, 
and grains.  Along with the nutrients found in plant foods, 
phytochemicals are believed to protect against chronic diseases 
through their anti-inflammatory and antioxidant properties [4]. 
Antioxidant vitamins include pre-form vitamin A, C, and E, and 
are best obtained from whole foods, especially F/V [3]. The first 
effort of the current study examined the changes in the estimated 
phytochemical and antioxidant vitamin content following 
implementation of the HHFKA.

Including an educational component in school classes to 
supplement changes in the built environment to support behavior 
change has been done previously [5]. The Fighting Foods: 
Battling Chemical Toxicity with Good Nutrition (Fighting Foods 
Project) is an example of a curriculum that teaches youth how 
F/V can protect their health that happens to pair nicely with the 
built environment changes of the HHFKA policy, which provides 
students the opportunity to consume more F/V [4,6,7]. Scientific 
evidence increasingly suggests that poor diets (e.g., refined foods 
high in fat/calories, decreased intake of F/V) may increase the 
risk for oxidative stress, inflammation, and chronic diseases. 
Chronic exposure to environmental pollutants may also lower 
concentrations of antioxidants in the body and play a significant 
role in chronic disease development [8,9]. Researchers are 
finding that good nutrition and healthy food choices may reduce 
the negative effects of toxic exposure [8,9]. 

The second effort of this study assessed student knowledge 
pertaining to foods that provided phytochemicals and antioxidant 

Introduction
Improving the school lunch environment with healthier 

foods has been an ongoing goal of the National School Lunch 
Program (NSLP) since 1946 [1]. But progress has been slow 
[2]. The most recent effort was the congressional passage of the 
2010 Healthy, Hunger-Free Kids Act (HHFKA), which required 
the US Department of Agriculture (USDA) to update school 
meal patterns and nutrition standards [3]. The HHFKA required 
increases in amount and variety of fruits and vegetables (F/V) 
served in the NSLP beginning School Year (SY) 2012-2013. The 
new meal pattern called for age-dependent increases in the 
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vitamins following delivery of the Fighting Foods pilot project, 
which was developed by middle and high school science 
educators and university researchers studying environmental 
pollutant exposure and nutrition. The Fighting Foods program 
offers 8 – 10 sets of classroom instructional materials into 
middle and high school chemistry, biology, general science and 
health classes designed to creatively bring the results of current 
biomedical research on nutrition and toxic exposure into the 
classroom; incorporate best Science, Technology, Engineering 
And Mathematical (STEM) education practices [10]; and lead to 
improved academic achievement and healthy food choices.  The 
concurrent implementation of the HHFKA and the Fighting Foods 
Project provided a multi-level strategy that encouraged students 
to consume more F/V. 

The objectives of this study were to: 

1) Determine if the required increase in variety and quantity 
of F/V offered through the NSLP by the HHFKA significantly 
increased phytochemical and antioxidant content of school 
lunches and 

2) Examine the ability of adolescents to apply their nutritional 
knowledge in food choices following participation in the Fighting 
Foods Project.

Methods
School lunch menus pre-HHFKA (SY2011-2012) and post 

(SY2012-2013) were obtained from a set of feeder schools 
including an elementary, middle and high school in the same 
district for a total of  three schools. The estimated phytochemical 
and antioxidant content of the menus were analyzed using 
Nutrition Data System for Research software [11]. For each F/V 
listed/day of the four-week cycle menus pre and post-HHKFA, 
for each school. The vitamins and phytochemicals measured 
included flavonoids, carotenoids, and vitamins C and E.  Due 
to the unavailability of an entire set of school lunch menus for 
SY2011-2012 the repetitive nature of the cycle menu was used 
to calculate differences in vitamin and phytochemical content 
between time periods.  The nutrient content of the four-week 
cycle menu was repeated nine times for data analysis to mimic the 
180 days of a SY.  However, for certain menu items the ingredient 
information was not available thereby excluding these days from 
analysis (Dragon punch, veggies w/dip, and hummus) along with 
outliers.  Since the variable “total phytochemicals and vitamins” 
consisted of all the phytochemicals and vitamins per day it was 
used to detect outliers for pre- and post-HHFKA.  

The menu data of all schools was combined to create “all 
schools” variable.  Due to “fresh fruit” varying throughout the SY, 
phytochemical and antioxidant content for a standard serving of 
each fruit was combined, averaged and used in the menu analysis 
each time a “fresh fruit” was offered. The combined “fresh fruit” 
variable for pre- and post- HHFKA included apples, oranges, 
bananas, kiwi, red grapes, peaches, and pears.  

The Fighting Foods Project incorporated 8 – 10 sets of 
classroom instructional materials into middle and high school 
chemistry, biology, and general science classes [11]. The 

instructional material lessons included such topics as “The role 
of antioxidants in reducing PCB-induced inflammation” and “Is 
there a gene for liking broccoli”. Activities utilized to reinforce 
concepts included magazine-style background readings; hands-
on chemistry investigations that emphasized student-centered 
pedagogies; and classroom cooking and tasting experiences, 
each lesson reinforced which nutrients and associated foods 
were “fighting foods”. Lessons defined so-called “fighting foods,” 
as foods high in phytochemicals and antioxidant vitamins 
and included fruits, vegetables, 100% F/V juices (fruit punch 
excluded), calcium-containing dairy products, and water. 
Students completed a one-day in-school food log that included 
foods consumed at school on one school day following completion 
of two Fighting Foods Project lessons taught over a two week 
period. Food logs included columns to list foods, serving sizes, 
food group, and if food was a fighting food (Y, N/or blank).
Methods for collecting food logs and dietary recalls were taught 
by faculty and graduate students, who were also credentialed as 
registered dietitians from the University Of Kentucky’s Superfund 
Research Center (UK-SRC) Community Engagement Core (CEC) 
to teachers participating in the summer training workshops.  The 
training lasted approximately one hour and covered topics such 
as serving sizes and categorizing foods by food groups according 
to Choose My Plate guidelines.

A total of 717 youth 10-18 years from 9 middle and 8 high 
schools in Ohio returned the food logs during SY2014.

All procedures involving human subjects were approved by 
the University of Kentucky and the University of Miami at Ohio 
Institutional Review Boards.  Written consent was obtained from 
teachers and assent from parents.  Menu analysis did not require 
IRB approval because human subjects were not involved, as per 
US DHHS guidelines [12].

All data analyses were conducted using SAS (Version 9.3) 
[13]. The Shapiro-Wilk test revealed non-normal distribution of 
food log and menu data (P<0.05). Knowledge of fighting foods was 
assessed by calculating the percentage of correctly categorized 
fighting foods for each student by dividing the number of correctly 
categorized foods by the total number of foods consumed. 
The median was calculated for these frequencies of correctly 
identified fighting foods. The total of each continuous variable 
was calculated for each day by summing the phytochemical or 
vitamin variable for every fruit and vegetable listed/day. The 
median for each variable was calculated for both time periods 
to generate the median differences that were compared.  P<0.05 
was statistically significant. 

Results
Significant changes in vitamin and phytochemical content 

varied with school type post-HHFKA.  The elementary school 
menu showed an increase in Anthocyanidins (P<0.002), 
Flavanols (P<0.001), and Carotenoids (P<0.001) post-HHFKA 
implementation (Table 1).  The middle school menus revealed 
significant increases in Vitamin (P<0.001) and the phytochemicals, 
Flavones (P<0.05), flavanols (P<0.001), and carotenoids 
(P<0.001); and a decrease inflavan-3-ols (P<0.001). Finally, the 
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Table 1: Median Difference in Phytochemical and Antioxidant Content of School Lunch Menus Pre- and Post-HHFKA.

Elementary School (n=144) Middle School (n=153) High School (n=143)

Phytochemical/Vitamin
Pre-

Mediana

(IQR)b

Post-
Median

(IQR)

Median 
difference 

(IQR ) 

Pre-
Median 

(IQR)

Post-
Median

(IQR)

Median 
difference 

(IQR) 

Pre-
Median 

(IQR)

Post-
Median

(IQR)

Median 
difference 

(IQR) 

Vitamin C(mg/serving) 28.3 
(24.4)

26.9
 (34.5)

-0.6
(35.0)

28.2 
(21.4)

24.2 
(31.7)

-0.4
(33.9)

45.1 
(26.7)

75.8 
(39.8) 21.7*(52.6)

Vitamin E(IU/serving) 2.0
(4.0)

1.0
(2.5)

0.0
(6.0)

3.0
(5.0)

2.0
(4.0)

0.0*
(5.0)

6.0
(5.0)

8.0
(3.0)

3.3*
(5.0)

Anthocyanidin(mg/g) 0
 (3.5)

0 
(0.0)

0.0*
(0.1)

0 
(7.9)

0 
(7.9)

0.0
(0.1)

0.1 
(9.9

9.9
 (0.0)

9.8*
(9.9)

Flavan-3-ols(mg/g) 0 
(1.7)

0.1 
(3.6)

0.0
(3.0)

1.7 
(6.1)

0
(1.3)

-1.5*
(6.1)

7.6 
(7.7)

7.6 
(2.2)

5.2*
(7.6)

Flavanones(mg/g) 0 
(8.1)

0 
(8.1)

0.0
(8.4)

0 
(9.5)

0 
(9.5)

0.0
(8.8)

11.4 
(11.4)

11.4 
(11.5) 11.4*(11.4)

Flavones(mg/g) 0.0 
(0.3)

0.03 
(0.3)

0.0
(0.3)

0.2 
(0.4)

0.0
(0.3)

0.0*
(0.5)

0.4 
(0.5)

0.4 
(0.4)

0.1*
(0.5)

Flavanols(mg/g) 2.7 
(2.5)

2.9
 (3.3)

1.3*
(7.1)

2.8 
(2.4)

3.6 
(5.1)

1.2*
(5.1)

3.8 
(4.4)

6.2 
(4.7)

2.0*
(6.4)

Carotenoids(mg/serving)b 1.6 
(1.4)

3.2 
(3.8)

1.3*
(5.1)

1.7 
(2.8)

5.3 
(4.0)

2.3*
(5.3)

2.0 
(2.3)

3.3 
(4.4)

1.1*
(4.9)

aThe median values were calculated for each vitamin and phytochemical for the pre-HHFKA, post-HHFKA, and the median difference of post-HHFKA 
– pre-HHFKA..
bIQR = interquartile range
*Indicates significant change in phytochemical or vitamin content from pre-HHFKA to post-HHFKA, (post-values – pre-values) within each 
respective school menu. Wilcoxon Sign Rank test used to determine significance, P< 0.05.
bmg/serving includes summed total of mg beta-carotene equivalents/serving of provitamin A carotenoids (beta-carotene, alpha-carotene, beta-
cryptoxanthin) and mg/serving of lutein, zeaxanthin and lycopene.

high school menus demonstrated increases in vitamins E (P< 
0.001), C (P<0.001) and the phytochemicals anthocyanidins 
(P<0.001), flavan-3-ols (P<0.001), flavanones (P<0.001), flavones 
(P<0.02), flavonols (P< 0.001), and carotenoids (P<0.001). The 
“all schools” data demonstrated increases in all the antioxidant 
vitamins and phytochemicals except for flavones (P<0.05, data 
not shown).

Of the 717 Fighting Foods Project food logs returned, only 
468 were completed as instructed.  Food logs were excluded if 
the fighting foods column was left completely blank.  The data 
revealed that 75% [0, 100] of the time students accurately 
identified foods as a fighting food from their food log.

Discussion
The current study demonstrated a significant increase in the 

amount of protective phytochemicals and antioxidant vitamins 
following implementation of the HHFKA. To our knowledge 
this is the first study to confirm significant increases in several 
phytochemicals in school lunch menus as a result of implementing 
the HHFKA policies.    

In addition, incorporating nutrition lessons into middle 
and high school science-based curriculum was successful in 
educating students about protective foods, or fighting foods, that 
defend the body against environmental pollutants, obesity, and 
inflammation.  In this study, 75% of the time students correctly 

applied their nutrition knowledge to identify fighting foods as 
recorded in their one-day in-school food log.  

With the rise in childhood obesity and exposure to 
environmental contaminants, educating students about 
phytochemicals is an important component of nutrition education 
in order to encourage students to consume F/V to protect their 
health [14].  If students consumed the F/V offered in a school 
lunch they would meet approximately one third of the Dietary 
Guidelines for vegetables and half for fruit [3]. The flavonoid 
intake in the US is estimated to be 20 mg/day [7].  For the current 
study, almost ¼ of these flavonoids could be consumed per day 
if students consumed all of the fruits and vegetables offered per 
day through the NSLP.  

An often overlooked benefit of the required HHFKA policies 
to increase the quantity of fruits and vegetables and variety of 
vegetable sub-categories offered in school lunches subsequently 
provides an increased amount and variety of phytochemicals 
and antioxidants. The phytochemical content varies greatly 
among fruits and vegetables and with this variety comes an 
assortment of health benefits.  More than 5000 individual dietary 
phytochemicals have been identified in fruits, vegetables, whole 
grains, legumes and nuts with a large percentage of them still 
undiscovered [4].  The flavonoid and carotenoid categories of 
phytochemicals are focused on in this discussion because the 
content of these phytochemicals were assessed in the current 
study using the USDA phytochemical database [15].    
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Flavonoids are the largest group of phenolic compounds 
found in fruits, vegetables and other plant foods [4].  Over 4000 
flavonoids are estimated to have been identified in the literature.  
Epidemiological studies have consistently shown that high 
intakes of flavonoids are inversely associated with decreased risk 
of several chronic conditions [4,16].  

They have been associated with reducing coronary heart 
disease and cancer by acting as an antioxidant and as a metal 
chelator.  Some flavonoids have been reported to have anti-
inflammatory properties mainly related to their ability to 
inhibit the production of inflammatory mediators such as 
prostaglandins, leukotrienes and nitric oxide [7]. Flavonoids are 
found in many plant-based foods and beverages including apples, 
onions, tea, grapefruit, oranges, broccoli and kale, spinach, and 
lettuce.  Furthermore, a number of these high flavonoid foods 
may appear in a school lunch menu [7].  

Carotenoids are synthesized only in plants and more than 
600 types of carotenoids have been identified [17]. But only 
approximately 40 are consumed in a typical human diet [7]. 
Carotenoids from fruits and vegetables have garnered much 
attention because of their health benefits and role in decreasing 
the risk of developing several chronic diseases [17]. Major 
sources of dietary carotenoids include orange and yellow fruits 
and vegetables such as tomatoes, carrots, sweet potatoes, 
and citrus fruits as well as green leafy vegetables [7] that are 
commonly served in school lunches. The average dietary intake 
of total carotenoids is estimated to be 6 – 11 mg/day.  Based 
on estimates from the menus used in this study, students 
could consume an average of approximately 5mg/day of total 
carotenoids by consuming all of the fruits and vegetables offered 
in their school lunch.  Carotenoids are important components of 
the diet because they have been associated with health benefits 
including reduced coronary heart disease, age-related diseases of 
the eye, and cancer by functioning as an antioxidant [7].

Several studies have demonstrated that an attainable 
amount of whole fruits and vegetables consumed through diet 
as an addition to subjects’ usual dietary pattern showed positive 
effects on serum markers of cellular oxidation and inflammation.  
The addition of fruits and vegetables to school lunches follows 
this same notion as there are no additional changes in usual diet.  
A study by Holt EM [6] found that consumption of approximately 
2.75 cups of fruits and vegetables per day (~15 mg flavonoids) 
among adolescents aged 13-17 years was correlated with 
decreased markers of inflammation and oxidative stress.  After 
controlling for sex, age, race, Tanner stage, energy intake and 
BMI, the pro-inflammatory markers C-Reactive Protein (CRP), 
Interleukin 6 (IL-6 ) and Tumor Necrosis Factor Αlpha (TNF-Α)  
were significantly decreased as was the marker of oxidative 
stress, F2-isoprostanes.   These findings demonstrate that even at 
a young age fruit and vegetable consumption does have an impact 
on biomarkers of inflammation and oxidative stress, which is 
important because the pathophysiology of cardiovascular disease 
begins early in life, particularly among obese children [18,19]. 
The HHFKA essentially promoted an increase in the amount 
and variety of phytochemicals and antioxidants available in the 

school lunch menu.  Consuming various fruits and vegetables 
early in life is an important strategy towards decreasing adverse 
health events in adulthood. With more than a third of children 
and adolescents considered overweight or obese [20], reducing 
chronic disease factors such as inflammation and oxidative 
stress is critically important. Another study conducted among 
youth demonstrated that consumption of dried apples enriched 
with mandarin juice by 48 obese adolescents, aged 9 to 15 
years, for 4 weeks significantly increased antioxidant capacity 
as measured by the Ferric Reducing Antioxidant Power (FRAP) 
assay and significantly decreased the inflammatory markers 
CRP, IL-6, Interleukin-1 Alpha (IL-1α) and TNF-Α [21]. The dried 
apples were added as a snack that contained approximately 7 
mg of flavonoids in one snack bag.   Subjects were instructed 
to consume one snack bag per day while following their usual 
dietary and physical activity patterns.  Additionally, the study 
reported improvements in blood lipids with significant decreases 
in serum triglycerides, LDL cholesterol and an increase in HDL 
cholesterol.   

A separate study by the same authors [22]. Found that 
supplementing the diet of 48 hyperlipidemic, normal weight 
youth, aged 8 -12 years, with 2 cups per day of 100% mandarin 
juice for 4 weeks  significantly decreased markers of lipid and 
protein oxidation while increasing serum antioxidants glutathione 
and vitamins E and C. However, the juice supplementation did 
not affect blood lipids. The reported total polyphenol content of 
the juice was approximately 30 mg/500 ml of juice. This study 
demonstrates that 100% fruit juice is also an important source 
of phytochemicals. 

Through the school lunch program an adolescent would not 
consume two cups of juice, but a half cup of 100% fruit juice 
is considered a fruit serving that is likely to contain a unique 
composition of phytochemicals beneficial to health that is in a 
form readily consumed by youth [23].  

The impact of the addition of fruits and vegetables for a 
period of time much shorter than the 180 days of a school year 
has demonstrated beneficial changes in biomarkers. A study 
conducted over a two-week period demonstrated that the daily 
addition of only two cups of a Mediterranean soup containing 
approximately 13.3 mg carotenoids and 78 mg vitamin C 
significantly decreased various markers of inflammation and 
oxidative stress [24]. Furthermore, a study by Riso et al. [25]. 
Found that ten day consumption of approximately 1.6 cups of 
cooked broccoli among smokers decreased CRP levels, which 
again demonstrates that small increases in fruit and vegetable 
intake can positively impact biomarkers in a short amount of 
time.  

Implementation of the HHFKA makes small, but potentially 
impactful increases in fruits and vegetables available to youth 
on a regular basis.  An obvious barrier to obtaining these health 
benefits is the lack of consumption of fruits and vegetables 
by students [26]. The limited amount of available evidence 
pertaining to fruit and vegetable consumption following the 
strengthening of meal standards by HHFKA are contradictory, 
demonstrating low intake of vegetables [26]. As well as increased 
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fruit consumption without an increase in plate waste [27]. Some 
studies have demonstrated that gaining nutrition knowledge is 
more effective when initiated at a younger age [3] and combined 
with an environment promoting student health [28]. School 
teachers are an important component of the school environment 
as they are critical to encouraging F/V consumption among youth 
because they reach a large audience in a meaningful way that 
provides continuous and intensive contact [29], however they 
also face constraints of adding such content as nutrition to their 
core curriculum.  The Fighting Food Project integrated nutrition 
and health topics into curriculum without detracting from the core 
science curriculum. By pairing science experiments, including the 
chemistry of foods and environmental chemicals, such as lead, 
students had an opportunity to learn how nutrition can reduce 
the risk of environmental exposures and disease.  Combining 
nutrition knowledge with a built environment that supports 
increased access to F/V provides a multi-level intervention that 
encourages students to consume F/V during school lunch.  

The present study has limitations. Each day of the school lunch 
menu could not be assessed individually.  Obtaining a complete set 
of school lunch menus for an entire school year prior to HHFKA 
remains a challenge. However, due to the menus being planned 
using a four-week cycle, the results would have been similar. 
The actual phytochemical content of the school lunch menu was 
not assessed because there is no available dataset containing all 
phytochemicals found in all plant matter. The USDA phytochemical 
database [15], however, is a valuable resource to assess changes 
in flavonoid content and provided the most accurate information 
available. Additionally, increases in specific phytochemicals 
and vitamins would likely vary among schools and menus due 
to differences in menus before and after implementation of the 
HHFKA. Schools across the US that were already in compliance 
with the HHFKA requirements would not have shown an increase 
in phytochemical content because their menus already contained 
a higher concentration of phytochemicals compared to schools 
following previous standards. For example the menus in this 
study were in compliance with whole wheat requirements pre-
HHFKA therefore, grain products were not included in analysis.   
Also, the pre-HHFKA elementary and middle school menus used 
in this study was likely closer to compliance with the policies 
of the HHFKA than the high school lunch menus. The high 
school lunch menu showed the most increases in vitamin and 
phytochemical content from pre- to post-HHFKA compared to 
the elementary and middle school menus. This was likely a result 
of the post-HHFKA high school menu needing to incorporate 
more F/V to meet the age-dependent increases of the new meal 
patterns required by the HHFKA.  

As to the Fighting Foods Project, the food logs were not part of 
the original evaluation components of the science curriculum and 
did not include testing for validity and reliability of school-level 
measures. Students’ responses were self-reported and subject 
to recall and common response bias. Future studies may include 
more sophisticated dietary recall measures that more accurately 
capture dietary intake and plate waste. 
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