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ABSTRACT

BACKGROUND/OBJECTIVES: Increasing the consumption of vegetables and fruits in Mexico 
remains a challenge. Promoting sustainable food production systems through schools may 
be an effective way to educate young people about food and nutrition issues. A study of 
nutritional education in adolescents, based on the school garden, is necessary in order to 
evaluate its effects on the consumption of fruits and vegetables among middle- and upper-
income segments of the population. The objective of this study was to evaluate the effect of 
an educational intervention, accompanied by a school garden as an educational teaching 
tool, to improve vegetable and fruit consumption by Mexican teenagers attending a private 
middle/high school.
SUBJECTS/METHODS: Teenagers between 12 and 18 years of age (n = 126) attending a private 
middle/high school in Queretaro, Mexico participated in a 3-arm, controlled, comparative 
impact study using a vegetable and fruit consumption frequency questionnaire, food 
consumption diaries, a psychosocial factor assessment questionnaire of vegetable and 
fruit consumption, and structured interviews. The participants were randomized into 3 
experimental groups: 1) food education + school garden (FE + SG), 2) FE only, and 3) control 
group (CG).
RESULTS: The FE + SG and FE groups significantly increased the frequency and daily intake of 
vegetables and fruits compared to the CG. The FE + SG group showed greater understanding 
of, reflection upon, and analysis of the information they received about vegetable and fruit 
consumption, as well as a greater willingness to include these in their daily diet.
CONCLUSIONS: FE accompanied by a SG as a teaching tool is more effective at promoting 
vegetable and fruit consumption than either education alone or control in teenagers in 
middle-upper income segments of the population.
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INTRODUCTION

The World Health Organization (WHO) recommends that the general population consume 
400 g of vegetables and fruits daily in order to prevent the development of chronic non-
communicable diseases, including cardiovascular diseases [1]. Mexican teenagers have been 
reported to consume a mean of 235 grams of vegetables and fruits per day, excluding potatoes, 
cereals and tubers. The Western diet today includes a tendency toward “fast food,” and 
teenagers and children are more vulnerable to attraction to this type of food, which put them 
in higher risk of developing cardiovascular diseases [2]. Low vegetable and fruit consumption 
by Mexican teenagers places them at risk of developing chronic non-communicable diseases 
in adulthood [3]. The consumption of vegetables and fruits in adolescents could replace 
high energy density foods which are rich in fats, refined sugars and sodium [3]. Hence, it 
is important to measure vegetable and fruit consumption in this population, and to design 
methods to increase the consumption of these food groups. There are reports indicating that 
school nutrition programs can improve children's vegetable consumption and intention, as 
well as their preference, attitude, and self-efficacy [4,5]. Various food education (FE) strategies 
may be implemented to encourage healthy eating habits among teenagers. One of these is the 
use of the school garden (SG) as an educational tool [6].

It has been reported that SGs, combined with educational activities in agriculture and 
nutrition, can help schoolchildren make better decisions about the food they eat [7]. This 
educational strategy must be accompanied by training for the teaching staff in charge of 
transmitting the knowledge [8]. Nutritional education for students can be provided through 
basic subjects that are already part of the current curriculum, both in the classroom and in 
the SG [9].

Most nutrition programs are aimed at preschoolers and schoolchildren (6 to 12 years old), 
and very little has been published regarding the effects of such intervention on adolescents 
[7]. Adolescence (defined as the period between 12 to 18 years of age), is a highly important 
stage in which decision-making can be positively shaped around an appropriate diet. 
In selecting this sample group for the study—adolescents attending a private school—
researchers' intent was to avoid the distortions that socioeconomic status might cause in 
gauging the impact of FE accompanied by a SG: adolescents in lower socioeconomic groups, 
for example, although they may want to consume vegetables and fruits, may not have access 
to them or find them readily available. The objective of this study was to evaluate the effect 
of an educational intervention, accompanied by a SG as an educational didactic tool, on 
improving vegetable and fruit consumption according to the WHO recommendation, among 
middle-high school students attending a private school in Querétaro, Mexico.

SUBJECTS AND METHODS

Study design and participants
The study design is 3-arm, controlled, comparative impact study, which lasted for 20 weeks 
from January to June 2017. The principal of a private school in Queretaro, Mexico, gave 
researchers authorization to work with 6th to 12th grade students during school hours, and 
parental consent was obtained from all participants. The Review Board of the Universidad 
Autonoma de Queretaro approved the procedures (IRB number 02FCN2014). Forty-two 
individuals were required per group considering an alpha error of 0.05, a statistical power 
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of 0.8 to detect a difference of 55 g between 2 groups, with a standard deviation of 80 g, and 
a lost cases percentage of 10%. A total of 126 students participated in the study. Subjects 
were randomly assigned to one of 3 study groups. Teenagers in the FE + SG group (n = 42), 
received a total of 29 FE lessons. Nineteen education lessons were given in the classroom 
and 10 education lessons were given in the SG, which focused on teaching adolescents about 
vegetable production, with the garden serving as a didactic tool. Each lesson included a 
driving question, an objective, materials and methods, guidelines and directives and final 
evaluation. Activities such as debates, real case analysis, and the use of electronic tablets 
accompanying the gardening activities, were part of the lessons given; each lesson lasted 
60 minutes [10]. Table 1 lists the objectives of each of the class lessons. Teenagers in the 
FE group (n = 42), received the same 19 education lessons in the classroom (without the 10 
education lessons in the SG). Teenagers in the control group (CG) (n = 42), did not receive 
any type of intervention.

Intervention materials, FE study program and gardening component
The study program was designed to promote the development of key competencies defined 
by the Organization for Economic Cooperation and Development [11,12], based on the 
pedagogical approach of cognitive constructivism [13,14] and the pedagogical renewal 
movement of Rousseau's New School [15]. In this program, information and communication 
technologies were used as educational tools [16,17]. Inside the school premises, an outdoor 
vegetable garden was designed for the study, consisting of 25 boxes made of compressed 
recycling plastic, each measuring 1 × 1 × 0.40 meters, with access to 2 water faucets and 
direct sunlight for 5 hours a day. The vegetable garden was installed in a 11 × 2.5 m space 
with cement flooring, and was operated following the guidelines for a sustainable outdoor 
vegetable garden. Each box was prepared with 180 kg of substrate consisting of 50% black 
earth, 30% compost, 20% coconut fiber and 10% earthworm humus. Vegetables and 
aromatic plants acquired from a local organic greenhouse were transplanted directly into the 
seed bed [18-21].

Participants of the FE + SG group were given a class in the garden once a week. Students in 
this group were involved in the care and maintenance of the garden as part of the lessons 
designed in the educational program [6,22]. Through the process of applying an educational 
strategy and observing its effects on the students' knowledge, researchers were able to draft a 
“Teachers' Guide to High School Food Education”. The educational material was provided to 
the teachers who conducted the education. The competency-based curriculum was designed 
based on the Mexican education system [23]. It consisted of 29 sixty-minute lessons. Ten 
of these lessons were designed to be taught in a SG and 19 in the classroom. The series of 
lessons covered 5 topics: 1) the current food system and its impact on the environment and 
health, 2) the seed, its cultural and biological value, 3) food security, 4) healthy eating and 5) 
sustainable food production. Each lesson included a driving question, an objective, materials 
and methods, guidelines and instructions and final evaluation. Activities such as debates, 
real case analysis, and the use of electronic tablets accompanying the gardening activities, 
were part of the lessons given.

Evaluation tools
The students' vegetable and fruit consumption were evaluated by means of 2 quantitative 
questionnaires: a questionnaire on the frequency of vegetable and fruit consumption 
[24,25] and a non-consecutive 3-day food consumption diary, excluding weekends [26]. 
The food consumption diary indicated the quantity and measurements (cup, tablespoon, 
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Table 1. Objectives of each of the class lessons of food education and school garden program
Lesson Objective

1. Sustainable agriculture vs. 
industrial agriculture (classroom)

The student described agriculture history and was able to distinguish between sustainable and industrial agriculture 
practices and their impact on human health. The student also described the advantages and disadvantages of 
industrial agriculture and analyzed the need for some countries to implement a sustainable agriculture system.

2. Seed bank (classroom) The student described the importance of seeds in economy and cultures. In addition, the student described a seed 
bank and the nutritional importance of protecting biodiversity in seeds.

3. Hunger and food security 
(classroom)

The student understood the causes of food insecurity and hunger as well as the definition of food security. The student 
developed a proposal to help to combat hunger and food security in the world.

4. Introduction to GMOs (classroom) The student described the biotechnological process for synthetizing GMOs and their impact in human health based on 
scientific evidence. In addition, the student described the pros and cons for human nutrition.

5. Debate on GMOs (classroom) The student analyzed the possible advantages and disadvantages of GMOs for human nutrition and proposed a motion 
to regulate their production.

6. Delicious and nutritious 
(classroom)

The student understood how to use the nutrition facts label. The student analyzed the ingredients of different foods, 
and determined their nutritional value. In addition, the student determined whether their food choices were beneficial 
for their health.

7. Food research part I (classroom) The student analyzed food habits of families around the world and the food guides for some countries. The student 
analyzed their food choices and their environment impact.

8. Food research part II (classroom) The students analyzed their food habits during 7 days and proposed healthy and sustainable food choices for 
themselves.

9. Food basics part I (classroom) The students defined food and its value for societies.
10. Food basics part II (classroom) The students analyzed the specific reasons for their food choices. In addition, the students understood food 

distribution systems and their impact on human nutrition and the environment.
11. Fresh products from farm part I 

(classroom)
The students analyzed the advantages of local farms. They examined 6 categories of food systems: transport, disposal, 
nutritional quality, economy, community and retail sale.

12. Fresh products from farm part II 
(classroom)

The students generated a marketing campaign to promote local food consumption and its benefits to human health.

13. Nutrition facts label design 
(classroom)

The students analyzed and evaluated the nutritional facts labels of most common processed foods. They designed a 
nutrition facts label that informed the consumer about the nutritional benefits and risks of processed food products.

14. Animal farm (classroom) The students described the history of animal farming. The students examined the importance of consuming animal 
products in human nutrition. In addition, they analyzed the environmental consequences of animal farming and 
proposed a sustainable animal farm production.

15. Food, health and nutrients 
(classroom)

The students explained macronutrients, oligo elements and vitamins and their role in human nutrition. They identified 
these nutrients in different foods.

16. Vegetable and fruit campaign part I 
(classroom)

The students understood the health benefits of vegetable and fruit consumption. They also identified health problems 
resulting from low vegetable and fruit intake.

17. Vegetable and fruit campaign part 
II (classroom)

The students designed and implemented a vegetable and fruit campaign in their school to promote their consumption.

18. School food audit part I 
(classroom)

The students registered and analyzed information about the food available in the school cafeteria. In addition, the 
students analyzed the school's actions to promote vegetable and fruit consumption.

19. School food audit part II 
(classroom)

The students analyzed the importance of getting parents, teachers and school administrators involved in promoting 
vegetable and fruit consumption. They proposed an initiative to get the entire school community involved in increasing 
vegetable and fruit consumption.

20. Garden design (garden) The students described the school garden concept. They analyzed the advantages of having a school garden in order to 
increase their vegetable and fruit consumption. They designed a plan for a school garden.

21. Seeds (garden) The students understood the seed germination process and began sprouting seeds according to their harvest plan.
22. Garden setup (garden) The students analyzed and implemented the square-foot gardening method and set up a completely functional 

sustainable garden.
23. Compost (garden) The students understood the composting process and its importance for garden health. They set up a compost pile in 

the garden.
24. Crop association (garden) The students understood the importance of soil nutrition and its impact on crops and as a result, on human nutrition. 

They understood the crop association method and implemented it in the garden.
25. Life bombs (garden) The students analyzed the importance of seeds in human nutrition and they understood an alternative method of seed 

germination.
26. Pest prevention and control 

(garden)
The students analyzed the various natural methods for preventing and controlling garden pests. In addition, they 
identified the principal pests and diseases present in the garden.

27. Garden coaches (garden) The students shared their gardening knowledge with preschool children. In addition, they shared the health benefits 
of consuming enough vegetables and fruits, and the importance of harvesting their own food. The students helped the 
preschoolers to start a garden.

28. Parent session (garden) The students shared their gardening knowledge with their parents. In addition, they shared the health benefits of 
consuming enough vegetables and fruits and the importance of harvesting their own food at school and at home. They 
worked together in the school garden.

29. Harvest and cooking (garden) The students designed a dish that includes ingredients from the garden and that follows the Mexican guide to healthy 
eating. They explained the nutritional benefits of the dishes to their classmates and shared the food.

GMO, genetically modified organism.



serving size). Prior training was provided to the students to complete both questionnaires. 
These questionnaires were administered to all 3 experimental groups, before and after the 
intervention. From the food consumption diary, we calculated the consumption of vegetables 
and fruits, as well as energy, carbohydrates, proteins and lipids, using the Mexican foods and 
food products composition tables (2015) [27], and the results were reported as the mean of the 
3 days (kcal/day). Additionally, an evaluation of psychosocial factors related to vegetable and 
fruit consumption was applied to the 3 groups using the Pro Children qualitative questionnaire, 
validated for the Mexican population [28]. The factors evaluated were: personal cognitive skills 
developed, personal attitudes, personal preferences, perceptions of physical environmental 
regarding accessibility at home, perceptions of physical environmental regarding accessibility at 
school, perception of personal barriers, and social environmental perception about modeling. 
The impact of the SG on vegetable and fruit consumption was evaluated through a structured 
qualitative interview. The interview questions were grouped into 5 categories according to the 
example given by Mertens [29,30]: students' opinion about the SG in their school, the feelings 
the SG generated, the knowledge they believe they developed during the activities carried out 
in the SG, their social environment or background regarding vegetable and fruit consumption, 
and their willingness to simulate or replicate the knowledge acquired in the SG at home. 
The structured interview was applied at the end of the intervention to 10 randomly selected 
individuals from the FE + SG group.

Statistical analysis
The results of the numerical scale variables are shown as the mean (95% confidence interval). 
To evaluate the difference in vegetable and fruit consumption, as well as nutrient intake, 
before and after the intervention, a paired t-test was performed. The baseline, final and 
change means were compared between groups through an analysis of variance, followed by a 
Tukey post hoc test. All analyses were tested for possible confounders, and the test assumption 
of normality was verified to avoid bias in the parameters. All analyses were performed using 
the SPSS V23 (IBM Corp., Armonk, NY, USA).

RESULTS

Vegetable and fruit consumption
A total of 126 students participated in the study (84 treatments, 42 controls; 57 male, 69 
female). The study groups were homogeneous, with the following mean values: age 14.9 ± 1.8 
years, weight: 58 kg, height: 164.6 cm and body mass index: 21.3 (Table 2). Students in the FE 
+ SG group increased their vegetable and fruit consumption by 65.2 g/day compared to the 
CG and 44.8 g/day compared to the FE group (Table 3). Likewise, the FE + SG group showed 
an increase in frequency of vegetable and fruit consumption to 1.4 days more per week and FE 
1.2 day per week, compared to the CG (Table 4). The CG showed no differences in vegetable 
and fruit consumption or in the frequency of consumption (Tables 3 and 4).
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Table 2. Age and anthropometric characteristics of the participating students
Experimental groups Number Age (yrs) Weight (kg) Height (cm) Body mass index (kg/m2)
FE + SG 42 15.0 ± 1.7 59.4 ± 9.7 165.3 ± 9.2 21.6 ± 3.7
FE 42 14.9 ± 1.7 57.0 ± 9.2 164.3 ± 9.1 21.0 ± 2.7
CG 42 14.9 ± 1.8 57.5 ± 9.0 164.1 ± 8.3 21.2 ± 2.8
Total 126 14.9 ± 1.8 58.0 ± 10.5 164.6 ± 8.9 21.3 ± 3.1
The results are shown as the mean ± SD. No significant differences were found in any variable between the groups (P > 0.05). 
FE + SG, food education + school garden; FE, food education only; CG, Control group.



Energy contribution from the diet
In terms of energy consumption, the FE + SG group decreased its energy consumption 
by 6.1% (−158 kcal), within which calories from fat decreased 11% (−77 kcal) after the 
intervention. Caloric intake from vegetables increased 54.8% (+18 kcal) and caloric intake 
from fruits increased 32.3% (+21 kcal). In the FE group, energy consumption decreased 3% 
(−80 kcal), while the calories obtained from the fruits increased 22.4% (12 kcal). CG showed 
no significant difference in total energy consumption after the intervention. However, 
for CG, calories from fats increased 2.4% and from carbohydrates 2.6%. At the end of the 
intervention, a difference was observed in total energy consumption between the FE + SG 
group and the CG, with the latter showing an energy consumption 7.9% higher than the FE + 
SG group. Caloric intake from vegetables was 35.5% higher for the FE + SG group than for the 
FE group and 50.4% higher than for the CG. Finally, the FE + SG group showed 34.8% higher 
caloric intake from fruits than CG (Table 5).

Psychological factors related to vegetable and fruit consumption
The main findings of each of the categories of the Pro Children qualitative questionnaire 
applied to the 3 groups are discussed below (Table 6).

Evaluation of personal cognitive skills developed
The group FE + SG showed greater understanding of, reflection upon, and analysis of the 
information they received from their environment about vegetable and fruit consumption, 
having learned about the characteristics of a healthy diet and recommendations on daily 
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Table 3. Report on consumption of vegetables and fruits (grams) before and after the intervention
Experimental groups (g/day) FE + SG (n = 42) FE (n = 42) CG (n = 42) P-value
Vegetable consumption

Pre 67.7 (56.6, 78.8) 71.5 (55.9, 87.0) 74.7 (57.7, 91.8) 0.793
Post 111.2 (96.1, 126.3)a 79.6 (62.2, 96.9)b 68.9 (51.6, 86.2)b 0.001
Change 43.5 (31.7, 55.3)1)a 8.1 (−2.3, 18.5)b −5.8 (−16.5, 4.9)b < 0.001

Fruit consumption
Pre 84.8 (60.5, 109.1) 76.5 (57.5, 95.5) 89.3 (71.7, 106.9) 0.665
Post 106.5 (87.2, 125.8) 88.8 (71.5, 106.1) 85.8 (70.3, 101.2) 0.189
Change 21.7 (11.8, 31.6)1)a 12.3 (0.5, 24.1)1) −3.5 (−14.2, 7.1)b 0.004

Vegetable and fruit consumption
Pre 152.5 (124.7, 180.3) 148.0 (122.5, 173.4) 164.0 (137.0, 191.1) 0.678
Post 217.7 (190.3, 245.2)a 168.4 (145.3, 191.5)b 154.7 (129.0, 180.4)b 0.001
Change 65.2 (49.8, 80.6)1)a 20.4 (6.1, 34.7)1)b −9.4 (−25.5, 6.8)b < 0.001

Data obtained from the food consumption diary for 3 non-consecutive days, excluding weekends. All values represent the mean (95% confidence interval). 
FE + SG, food education + school garden; FE, food education only; CG, Control group.
1)Significant difference between baseline and post intervention mean values in paired t-test (P < 0.05).
a,bDifferent letters represent significant difference between intervention groups in Tukey post hoc test (P < 0.05).

Table 4. Frequency of weekly consumption of vegetables and fruits (days/week) before and after the intervention
Experimental groups (days/week) FE + SG (n = 42) FE (n = 42) CG (n = 42) P-value
Frequency of vegetable consumption

Pre 3.8 (3.2, 4.3) 3.2 (2.6, 3.8) 4.0 (3.4, 4.6) 0.114
Post 5.1 (4.8, 5.5)a 4.0 (3.4, 4.6)b 4.0 (3.4, 4.6)b 0.003
Change 1.4 (0.9, 1.8)1)a 0.8 (0.3, 1.4)1)a 0.0 (−0.5, 0.5)b 0.001

Frequency of fruit consumption
Pre 3.6 (3.0, 4.2) 2.9 (2.3, 3.5) 3.7 (3.1, 4.4) 0.144
Post 5.0 (4.6, 5.3)a 4.1 (3.6, 4.6) 4.0 (3.5, 4.6)b 0.019
Change 1.4 (0.9, 1.8)1)a 1.2 (0.7, 1.8)1) 0.3 (0.0, 0.6)b 0.002

Data obtained from the food consumption diary for 3 non-consecutive days, excluding weekends. All values represent the mean (95% confidence interval). 
FE + SG, food education + school garden; FE, food education only; CG, Control group.
1)Significant difference between baseline and post intervention mean values in paired t-test (P < 0.05).
a,bDifferent letters represent significant difference between intervention groups in Tukey post hoc test (P < 0.05).



consumption of vegetables and fruits. They perceived that they consumed more vegetables and 
fruits than their peers and applied a reasoning by which they could incorporate the knowledge 
acquired to favorably modify their habits regarding consumption of this food group.
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Table 5. Energy consumption (kcal) before and after the intervention
Experimental groups FE + SG (n = 42) FE (n = 42) CG (n = 42) P-value
Energy intake (kcal/d)

Pre 2,558.79 (2,456.74, 2,660.84) 2,614.19 (2,507.35, 2,721.03) 2,566.55 (2,481.80, 2,651.30) 0.685
Post 2,400.83 (2,286.95, 2,514.72)a 2,534.48 (2,424.90, 2,644.05) 2,609.52 (2,511.11, 2,707.93)b 0.022
Change −157.95 (−241.40, −74.50)1)a −79.71 (−147.56, −11.87)1)a 42.98 (−10.76, 96.71)b < 0.001

Protein intake (kcal/d)
Pre 394.11 (352.13, 436.09) 399.49 (366.13, 432.86) 368.40 (334.06, 402.74) 0.437
Post 365.83 (336.82, 394.84) 367.20 (341.80, 392.60) 357.10 (321.17, 393.02) 0.876
Change −28.28 (−56.00, −0.56)1) −32.29 (−53.25, −11.33)1) −11.31 (−25.88, 3.26) 0.347

Fat intake (kcal/d)
Pre 697.65 (653.27, 742.02) 711.03 (672.35, 749.72) 735.88 (697.44, 774.31) 0.397
Post 620.15 (588.67, 651.63)a 689.78 (654.40, 725.16)b 754.24 (716.67, 791.81)c 0.000
Change −77.49 (−110.95, −44.04)1)a −21.25 (−49.59, 7.08)b 18.36 (0.69, 36.03)1)b 0.000

Carbohydrate intake (kcal/d)
Pre 1,467.03 (1,397.19, 1,536.86) 1,503.66 (1,436.14, 1,571.18) 1,462.27 (1,412.45, 1,512.09) 0.592
Post 1,416.03 (1,345.02, 1,487.04) 1,477.49 (1,409.33, 1,545.66) 1,502.12 (1,442.08, 1,562.17) 0.168
Change −51.00 (−104.85, 2.86)a −26.17 (−75.65, 23.31) 39.86 (0.96, 78.75)1)b 0.022

Energy from fruit intake (kcal/d)
Pre 45.14 (30.82, 59.46) 41.28 (32.49, 50.07) 45.98 (35.02, 56.94) 0.827
Post 66.74 (52.51, 80.98)a 53.22 (39.99, 66.45) 43.47 (33.65, 53.30)b 0.032
Change 21.60 (13.99, 29.22)1)a 11.94 (0.55, 23.32)1) −2.51 (−12.96, 7.95)b 0.003

Energy from vegetables intake (kcal/d)
Pre 14.97 (12.65, 17.30) 17.96 (11.74, 24.19) 17.66 (13.00, 22.32) 0.606
Post 33.21 (29.43, 36.98)a 21.42 (15.22, 27.62)b 16.46 (11.75, 21.17)b 0.000
Change 18.23 (14.44, 22.03)1)a 3.45 (−3.91, 10.81)b −1.20 (−5.96, 3.57)b 0.000

Data obtained from the food consumption diary for 3 non-consecutive days, excluding weekends. All values represent the mean (95% confidence interval). 
FE + SG, food education + school garden; FE, food education only; CG, Control group.
1)Significant difference between baseline and post intervention mean values in paired t-test (P < 0.05).
a,b,cDifferent letters represent significant difference between intervention groups in Tukey post hoc test (P < 0.05).

Table 6. Psychosocial factors related to vegetable and fruit consumption using the Pro Children qualitative questionnaire (n = 126)
Evaluated area Pre intervention (%) Pos intervention (%)

FE + SG FE CG FE + SG FE CG
Evaluation of the personal cognitive skills developed.

Respondents who believed they consume more vegetables than their peers. 50.5 55.3 51.2 81.3 68.4 50.3
Respondents who believed that the amount of vegetables they should consume for a healthy diet 
is 3 servings (cups) a day.

45.6 44.5 45.8 76.5 62.4 46.7

Respondents who totally agreed that they like to consume vegetables every day, in fact they make 
it a habit because they taste good.

45.3 42.3 44.2 76.4 62.8 41.2

Respondents who believed they consume more fruit than their peers. 55.3 55.6 57.8 77.5 70.2 58.4
Respondents who believed that the amount of fruit they should consume for a healthy diet is 3 
servings (cups) a day.

40.2 43.4 41.3 68.5 65.4 43.2

Respondents who totally agreed that they like to consume fruit every day, in fact they make it a 
habit because it tastes good.

41.3 42.2 41.2 79.2 71.3 40.3

Evaluation of personal attitudes relating to vegetable and fruit consumption.
Respondents who totally agreed that consuming vegetables every day is beneficial to their health. 55.2 53.2 55.2 86.5 82.1 54.5
Respondents who totally agree that their close friends consume vegetables every day. 30.1 33.2 32.1 54.6 58.3 30.3
Respondents who were totally willing to consume vegetables on a daily basis. 70.3 69.8 71.3 97.5 91.2 72.3
Respondents who totally agreed that consuming fruit every day is beneficial to their health. 60.3 61.2 61.6 83.8 77.3 62.3
Respondents who totally agree that their close friends consume fruit every day. 31.3 29.8 30.1 65.3 66.5 33.2
Respondents who were totally willing to consume fruit on a daily basis. 75.4 75.4 77.5 95.6 93.4 76.5

Evaluation of personal preferences relating to vegetable and fruit consumption.
Respondents mentioned high preference for some vegetables (tomato, cucumber, lettuce, 
spinach, onion, celery, cauliflower, kale, broccoli).

24.6 25.6 23.2 41.2 37.4 24.5

Respondents mentioned high preference for some fruit (banana, pear, orange, tangerine, apple, 
cantaloupe, strawberry, grape, pineapple, plum).

41.1 42.3 44.5 55.2 50.8 43.8

(continued to the next page)



Evaluation of personal attitudes relating to vegetable and fruit consumption
The FE + SG group and the FE group showed greater willingness to consume vegetables and 
fruits on a daily basis. Both groups recognized the benefits to their health from consumption 
of this food group.
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Evaluated area Pre intervention (%) Pos intervention (%)
FE + SG FE CG FE + SG FE CG

Evaluation of perceptions of physical environmental regarding accessibility of vegetables and fruit for consumption at home.
Respondents who reported that they are always allowed to consume vegetables at home. 85.4 88.7 86.7 98.1 93.1 85.3
Respondents who reported that they actively participated in the decision to consume vegetables 
at home.

64.3 62.3 63.2 81.2 82.3 64.4

Respondents who reported that there was a variety of vegetables available at home already. 59.6 58.4 58.9 79.4 70.3 58.4
Respondents who reported that their mothers or fathers encouraged them to eat vegetables. Mother: 

46.5; 
father: 

4.8

Mother: 
48.3; 

father: 
4.7

Mother: 
48.3; 

father: 
4.5

Mother: 
67.1; 

father: 
15.4

Mother: 
60.3; 

father: 
10.4

Mother: 
47.3; 

father: 
4.5

Respondents who reported that they are always allowed to consume fruit at home. 73.8 73.2 75.1 85.4 87.8 74.2
Respondents who reported that they actively participated in the decision to consume fruit at 
home.

77.2 75.2 75.2 87.5 81.3 73.2

Respondents who reported that there was a variety of fruit available at home already. 58.1 56.3 57.8 72.1 68.3 54.3
Respondents who reported that their mothers or fathers encouraged them to eat fruit. Mother: 

60.3; 
father: 

8.0

Mother: 
64.8; 

father: 
7.6

Mother: 
64.5; 

father: 
7.8

Mother: 
74.3; 

father: 
17.3

Mother: 
77.3; 

father: 
15.4

Mother: 
67.3; 

father: 
8.0

Evaluation of the physical environment regarding accessibility of vegetables and fruit for consumption at school.
Respondents who reported having brought vegetables to school from home, purchased or been 
given them at school.

52.3 57.5 55.5 75.4 65.4 53.4

Respondents who reported that limited recess time was not a barrier to consuming vegetables. 62.1 66.5 65.7 90.1 88.9 63.1
Respondents who did not perceive their peers' low vegetable consumption as a barrier. 13.1 12.5 16.3 26.5 27.4 15.5
Respondents who did not recall still being hungry after having eaten vegetables. 37.6 32.3 33.4 72.1 65.4 35.4
Respondents who reported having brought fruit to school from home, purchased or been given it 
at school.

62.9 63.6 66.2 86.4 88.3 65.9

Respondents who reported that limited recess time was not a barrier to consuming fruit. 73.7 75.3 72.1 89.6 88.6 74.3
Respondents who did not perceive their peers' low fruit consumption as a barrier. 27.7 26.2 25.3 35.4 30.5 28.6
Respondents who did not recall still being hungry after having eaten fruit. 63.6 67.4 62.7 85.4 80.5 65.3

Evaluation of perception of personal barriers to vegetable and fruit consumption.
Respondents who did not perceive the time it takes to consume vegetables as a personal barrier. 85.6 84.2 86.4 83.4 81.3 82.4
Respondents who disagreed with the statement that they preferred other high-energy-density 
foods over vegetables.

56.4 54.7 55.2 76.5 69.8 58.4

Respondents who disagreed with the statement that they avoided eating vegetables because they 
might stain when consumed or because vegetables could be crushed in their backpack.

82.2 85.6 84.7 88.4 84.3 81.2

Respondents who did not perceive the time it takes to consume fruit as a personal barrier. 77.5 72.7 76.2 76.5 78.5 75.4
Respondents who disagreed with the statement that they preferred other high-energy-density 
foods over fruit

64.2 66.7 65.8 74.3 72.1 62.7

Respondents who disagreed with the statement that they avoided eating fruit because it might 
stain when consumed or because fruit could be crushed in their backpack.

75.6 71.4 72.8 86.4 82.1 70.3

Evaluation of social environmental perceptions on role models for vegetable and fruit consumption.
Respondents who mentioned that their mothers consumed vegetables every day. 78.6 79.1 78.6 79.8 83.4 81.2
Respondents who mentioned that their fathers consumed vegetables every day. 28.6 26.9 30.5 32.1 27.8 30.2
Respondents who mentioned that their parents urged them to consume vegetables every day. 55.1 52.2 53.2 85.4 75.4 53.2
Respondents who mentioned that television or Internet promoted vegetables consumption 
through advertising during the past month.

19.5 20.3 19.2 21.3 17.2 19.5

Respondents who mentioned that their mothers consumed fruit every day. 83.3 85.4 80.5 83.6 87.2 80.3
Respondents who mentioned that their fathers consumed fruit every day. 54.2 56.1 51.5 51.4 55.6 51.3
Respondents who mentioned that their parents urged them to consume fruit every day. 85.4 83.2 84.1 81.2 85.4 81.2
Respondents who mentioned that television or Internet promoted fruit consumption through 
advertising during the past month.

33.6 32.4 35.1 37.4 31.4 33.4

FE + SG, food education + school garden; FE, food education only; CG, Control group.

Table 6. (Continued) Psychosocial factors related to vegetable and fruit consumption using the Pro Children qualitative questionnaire (n = 126)



Evaluation of personal preferences relating to vegetable and fruit consumption
Preference for fruits was higher in the FE + SG group with an acceptance of 55.2% and 50.8% 
for the group FE, while a higher percentage of CG subjects mentioned not having tried any of 
the vegetable or fruit options mentioned.

Evaluation of perceptions of physical environmental regarding accessibility of vegetables 
and fruits for consumption at home
The FE + SG and FE groups reported that vegetables and fruits were more accessible for 
consumption at home. This enabled them to play an active role in the decision to consume 
these foods, as there were a variety of them available at home already. All 3 groups responded 
that they were always allowed to eat all the vegetables and fruit they wanted at home. However, 
they reported that mothers were more available than fathers to encourage their teenage children 
to consume vegetables and fruits. One barrier to the consumption of vegetables reported by CG 
was that there were not always vegetables that they liked available in their homes.

Evaluation of the physical environment regarding accessibility of vegetables and fruits for 
consumption at school
The FE + SG group did not perceive school to be a barrier to vegetable and fruit consumption, 
because they could either bring them from home, buy them or obtain them for free. They 
reported that recess time was not a barrier to consuming vegetables and fruits. Nor did they 
report still feeling hungry after eating vegetables or fruits. All 3 study groups perceive their 
peers' low vegetable and fruit consumption as a barrier.

Evaluation of perception regarding personal barriers to vegetable and fruit consumption
Respondents from all 3 study groups did not perceive the time it takes to consume vegetables 
and fruits as a personal barrier, nor the fact that they might stain when consumed or be 
crushed in their backpack. One barrier to vegetable and fruit consumption mentioned by CG, 
however, was that the vegetable and fruit group tended to be displaced by other foods, as they 
preferred eating foods with higher energy density.

Evaluation of socio-environmental perceptions regarding role models for vegetable and 
fruit consumption
Members of all 3 study groups mentioned that their mothers consumed more vegetables and 
fruits than their fathers. However, the FE + SG group reported that their fathers did urge them 
to consume vegetables and fruits every day. Respondents did not perceive that television or the 
Internet promoted vegetable and fruit consumption through the advertising shown there.

Interview
The categories created for each item of the interview are shown in Table 7. Opinions in the 
FE + SG group focused on the fact that the SG was a space that motivated them to consume 
vegetables and fruits, since they could access it during school hours. They also said that the 
SG helped them save money, because the vegetables or fruits they obtained there were free. In 
addition, they claimed that these foods were healthy, with a low impact on the environment, 
since they themselves had planted and harvested them, giving them a feeling of satisfaction 
and pride at having participated. The teenagers reported feeling proud of making a change 
in themselves and in their school to promote a healthier environment. The students reported 
that taking classes in the SG area made them feel free and more interested in the subject, and 
in fact, classes in the garden seemed more fun to them than those in the classroom.
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The students reported that their classes in the SG taught them about the vitamins and inorganic 
nutrients present in vegetables and fruits, and to equate their consumption with good health. 
They also said they learned enough to replicate the SG at home and consume this food group on 
a regular basis. Likewise, they reported being aware of the effects of the food system on global 
warming, changes in land use, and on their health. Finally, they mentioned having begun or 
being willing to begin a vegetable garden at their own home or at the home of a family member.

DISCUSSION

The results of the study showed a significant increase in vegetable and fruit consumption 
by students who received nutritional education along with the didactic tool of a SG. The 
increase in vegetable and fruit consumption could be due to the practical activities in the SG 
that accompanied the nutrition education sessions, where students were exposed to farming 
techniques that exemplified the principles of food sustainability.

In 2007, McAleese and Rankin [31] conducted a similar intervention in garden-based 
nutrition education with sixth-graders and, through a 24-hour food-recall, they reported an 
increase in adolescents' fruit and vegetable servings. In addition, they described an increase 
in vitamin A, vitamin C, and fiber intake. The FE + SG group showed a significant increase 
in vegetable and fruit consumption, even greater than that reported by a similar study in 
Mexican adolescents [3]. Despite the observed increase, the reported intake of vegetables 
and fruits in teenagers after they received FE + SG, was equivalent to only 54% of the WHO 
recommendation. Although gardening has shown to have a positive effect on vegetable 
and fruit consumption, it has been suggested that the persistence of gardening habits and 
vegetable and fruit intake increase through adulthood should be studied as well [32]. It is 
possible that a longer intervention could help to further increase vegetable and fruit intake to 
levels consistent with the WHO recommendation (400 g per day).

Some countries have launched a strategy of encouraging vegetable and fruit consumption in 
a “5-a-day” campaign promoted jointly by the government and civil society. The impact of 
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Table 7. Generation of categories of analysis from the post-intervention interview
Category Description
Opinion Motivation to consume vegetables and fruits.

Access to nutritious foods.
Helps the economy.
Foods free of chemicals.

Expression of feelings Happiness.
Pride.
Freedom.
Fun.

Knowledge Vitamins and inorganic nutrients present in vegetables and fruits.
Education.
Change of habits.
Production of organic foods.

Background Balanced diet.
Effects of the food system on global warming, land use and health.
Change of habits.

Simulation I already have a space for food production at home.
Initiative to allocate a space for food production at home.

Fe+SG group; n=10.
FE + SG, food education + school garden.



these campaigns has been evaluated in adults, with no significant change in the frequency of 
vegetable and fruit consumption, and the authors of this study reported that the campaign's 
message was not well understood by the population [33]. A SG as a nutritional education 
tool has shown to be an effective strategy for improving dietary behavior in adolescents, 
according to this study's results and findings reported by other authors [34,35]. As reported 
by Bell [36], green schools have considerable potential to promote health and well-being, 
so we may conclude that a nutritional education intervention through a guided gardening 
experience in schools improves intake of vegetables and fruits and can help promote health 
and well-being in adolescents. In Mexico, there is a general lack of skills and knowledge in 
the population on how to produce, choose, combine, prepare and distribute food according 
to their family budget, which can lead to food insecurity [37]. Therefore, SGs could also be 
a strategy for food security in low-income segments of the population, as a public policy, 
so that subjects about food production and nutrition are taught in schools as part of the 
educational curriculum [38]. To replicate the SG strategy, teachers should be trained in these 
areas in the manner described in this study.

Human resources, specifically teachers, were trained in FE and SG management and served 
as a guide in this study. This study did not evaluate adolescent's willingness to try new 
foods, or biological mechanisms of behavior, which could be an area of interest for future 
study. It has been reported that schoolchildren's exposure to educational gardens promotes 
consumption of a wider variety of fruits and vegetables, as well as a greater willingness to try 
new vegetables [6]. A wider variety of vegetables and fruits consumed would provide a higher 
variety of micronutrients and fiber. Peña Fernández and María Reidl Martínez reported in 
2015 [39] that eating patterns in adolescents were related to emotions. Thus, bread, pasta 
and milk were the main foods consumed, and enjoyment, pleasure and happiness were the 
main emotions present during eating. Vegetable and fruit intake could be related to certain 
emotions in adolescents. This points to an area of research for future study because of the 
age-typical transformation in the brain, such as increases in novelty-seeking/risk-taking 
behavior and the increase in food intake associated with the growth spurt [40].

It is important to note that the school in which the study was performed had sufficient 
technical, economic and human resources for the program to be implemented without 
budget limitations. The study was funded by the school itself. The study population had 
physical and economic access to sufficient, safe and nutritious food to meet their dietary 
needs at all times. The families of participants in the study were on average high-income, a 
group that represents about 16.9% of Mexico's population according to the National Institute 
for Statistics and Geography and the National survey of Income and Spending 2018 [41]. 
The important thing about this strategy is that the teacher serves as a guide in the lessons, 
and it is the teenagers themselves who are responsible for analyzing and structuring the 
information and proposals. It should be noted that for the purposes of replicating this 
intervention, the teaching staff who are to be in contact with the students must receive 
training in the 5 main themes of this guide.

Further studies with a longer duration are required to evaluate the effectiveness of a SG as a 
didactic tool in the educational intervention to meet WHO recommendations on vegetable 
and fruit intake. It is also necessary to evaluate whether the strategy would have similarly 
favorable results in low-income populations.
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