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A B S T R A C T

Objectives: The purpose of this study was to determine the effects of the Nutrition and Culinary in the Kitchen
(NCK) Program to evaluate the improvement of cooking skills and healthy eating of university students.
Methods: A randomized controlled trial with six months follow-up was used incorporating an intervention group
(IG) and a control group (CG). The IG participated in the NCK program over a six-week period, three hours
weekly, based on five hands-on cooking classes and one food market visit, while CG continued their usual
activities. Outcome measures included changes in relation to a) accessibility and availability of fruits and ve-
getables (AAFV); b) cooking attitudes (CA); c) cooking behaviors at home (CBH); d) cooking behaviors away
from home (CBAH) e) produce consumption self-efficacy (SEPC); f) self-efficacy for using cooking techniques
(SECT); g) self-efficacy for using fruits, vegetables, and seasonings (while cooking) (SEFVS); and h) knowledge of
cooking terms and techniques (CTT). An online self-completed validated survey was answered, at three time
points: baseline (T1), after intervention (T2) and six months after intervention (T3). Statistical analyses were
conducted to evaluate changes in outcomes within and between groups over time.
Results: 76 students completed the online questionnaire at the 3 time points. Findings revealed a statistically
significant increase (p < 0.05) in all outcomes evaluated in the IG, except for CBH and CBAH. This effect was
sustained at T3 (p < 0.001). Results were similar to the adjusted model (p < 0.001), thus, indicating that IG
changes, when compared to CG, were due to the intervention effect.
Conclusion: NCK culinary intervention program demonstrated efficacy for the increased on AAFV, CA, SEPC,
SECT, SEFVS and CTT with university students.

1. Introduction

Studies have shown that the transition from school to university is a
period of critical changes in eating habits (Hilger, Loerbroks, & Diehl,
2017; Larson, Laska, Story, & Neumark-Sztainer, 2012; Nelson, Laska,
Larson, Neumark-Sztainer, & Story, 2010). These changes are char-
acterized by low intake of fruits and vegetables, as well as high intake
of fast food, snacks and soft drinks (Ansari, Stock, & Mikolajczyk, 2012;
Deliens, Clarys, Bourdeaudhuij, & Deforche, 2013; Larson et al., 2012).
A narrative literature review analyzed 37 studies on the food intake of
university students, eight of which were conducted in Brazil. The results
demonstrated that most university students have unhealthy eating

behaviors, such as high intake of fast foods, snacks, sweets, soft drinks,
and alcoholic beverages, and low intake of fruits, vegetables, fish,
whole grains, and legumes (Bernardo, Jomori, Fernandes, & Proença,
2017a). Furthermore, a population-based survey conducted in
2008–2009 shows that less than 10% of Brazilian adults consume the
daily fruits and vegetable recommendation (IBGE, 2011).

In this context, the university campus can represent an important
environment for health promotion and wellness for young adults by
means of nutrition interventions (Doherty, Cawood, & Dooris, 2011;
Holt & Powell, 2017; Nelson, Story, Larson, Neumark-Sztainer, & Lytle,
2008; Pember & Knowlden, 2017; Tsouros, , Dowding, , Thompson, , &
Dooris, 1998).
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University students report some barriers to following healthy food ha-
bits, such as lack of time due to studies, lack of healthy meals at the uni-
versity canteen, and lack of knowledge about cooking skills (Deliens, Clarys,
Bourdeaudhuij, & Hilger, 2014; Hilger et al., 2017; Wolfson, Bleich, Smith,
& Frattaroli, 2016). Moreover, students that referred to a limited skill to
cook were among those living on-campus in a university residence, away
from their parents' home (Wilson, Matthews, Seabrook, & Dworatzek,
2017). In addition, a nationally representative UK nutrition survey found
that young adults (19–34 years) have less cooking confidence than other
age groups (Adams et al., 2015). Possible lack of cooking skills may be
related to the decreasing cooking knowledge shared between parents and
their children as well as within the school setting (Caraher, Dixon, Lang, &
Carr-Hill, 1999; Short, 2003; Soliah, Walter, & Jones, 2012). Additionally, it
may be related to the restructuring in the way to prepare food at home, and
the use of technology and ready-to-eat food products to facilitate meal
preparation (Caraher et al., 1999).

There is growing scientific evidence linking the increase in home food
preparation and cooking skills with healthier eating habits (Hartmann,
Dohle, & Siegrist, 2013; Raber et al., 2016; Reicks, Trofholz, Stang, & Laska,
2014; Wolfson & Bleich, 2015; Wolfson, Bleich, Smith, & Frattaroli, 2016a).
Evaluation of cooking programs with adults have shown improvement in
cooking skills confidence and increased self-reported fruit and vegetables
intake (Garcia, Reardon, McDonald, & Vargas-Garcia, 2016; Hutchinson,
Watt, Strachan, & Cade, 2016). A systematic review evaluated the health
impact of home food preparation on adults. The authors found broad
methodological variability of studies, including the lack of methodological
rigorousness, as well as the use of non-validated instruments to assess
cooking interventions in some studies (Reicks et al., 2014). The lack of
quality evaluation of the cooking interventions, as well as the lack of large
samples, randomization and control groups are also emphasized in other
studies. Authors reinforce the need for the long-term evaluation, in order to
consistently associate cooking skills with improved outcomes in nutrition
and health (Garcia et al., 2016; Mills et al., 2017; Rees, Hinds, Dickson,
O'Mara-Eves, Thomas, & EPPI-Centre, 2012; Reicks et al., 2014).

Cooking interventions with university students are limited in the
scientific literature with few studies identified. Two of them did not use
a validated instrument for the target population (Lawe, 2013; Levy &
Auld, 2004). One of them conducted an intervention with college stu-
dents using TV cooking shows (online cooking class) without hands-on-
classes. The program was not effective to increase fruit and vegetable
consumption, and no changes on cooking behaviors were observed
(Clifford, Anderson, Auld, & Champ, 2009). In contrast, authors have
conducted studies (Kerrison Condrasky and Sharp, 2017; McMullen,
Ickes, Noland, Erwin, & Helme, 2017; Warmin, Sharp, & Condrasky,
2012) using a validated instrument for university students to evaluate
the impact of a cooking intervention. This instrument was developed in
the U.S. at Clemson University to assess the intervention Cooking with
the Chefs (CWC), and it consists of the measurement of cooking skills
and healthful eating habits. It was extensively applied with different
target populations in the U.S. (Condrasky, Graham, & Kamp, 2006;
Condrasky, Williams; Catalano and Griffin, 2011; Warmin et al., 2012;
Condrasky, Baruth, Wilcox, Carter, & Jordan, 2013; Condrasky,
Johnson, Corr, & Sharp, 2015; Kerrison, Condrasky, & Sharp, 2017).

It is relevant to note the current food guide for the Brazilian population
identifies the importance of developing, practicing, and sharing cooking
skills as well as valuing the art of preparing and cooking food for the pro-
motion of healthy eating (Brazil, 2014). However, interventions using a
validated instrument with the focus on the cooking skills, hands-on cooking
classes, and evaluating the long-term impact on the participants' eating
practices have not been identified in Brazil.

The Nutrition and Culinary in the Kitchen (NCK) program was designed
based on the CWC program for university Brazilian students. The CWC
program were based on the Social Cognitive Theory (SCT), as well the
Brazilian NCK program applied the same theory. The NCK and CWC pro-
grams have been developed to teach healthy eating through hands-on
cooking classes and delivers information about nutrition. Additionally, the

program aims to promote healthier food habits and choices by means of
practical classes about the food groups, ingredient selection, menu planning,
basic cooking techniques, optimizing time in the kitchen, as well as skills to
prepare meals (Bernardo et al., 2017b).

The purpose of this study was to determine the effects of the NCK
intervention program on the improvement of cooking skills and healthy
eating practices of university students in Brazil.

2. Methods

2.1. Participants (setting and sampling methods)

University students who were enrolled in the first year of an onsite
undergraduate course in a public Brazilian university composed the target
population in the present study. A representative sample of these students
(n=767) who were 16 years old or older, participated in the validation
stage of the evaluation instrument on cooking skills and healthy eating
practices (Jomori et al., 2017). The sample size calculation aimed at de-
tecting changes (difference of 1.5 points on average) in the values of the
outcome related to knowledge of cooking skills (Warmin et al., 2012). Using
a study power of 80%, an error rate of 5% and a 95% level of confidence, a
sampling plan of 28 students was estimated. Including 20% for random loss
and 10% for possible confounding factors, a minimum sample of 40 stu-
dents per group, intervention (IG) and control (CG) group, involving a total
sample of 80 participants.

Students had to meet the following inclusion criteria: a) being 16 years
old or older; b) having participated in the validation stage of the evaluation
instrument on cooking skills and healthy eating practices; c) not living with
parents; d) having access to a kitchen that contains basic hand tools and
equipment (stove or microwave oven, refrigerator, cutlery, and pans) to
prepare their food; e) demonstrating interest and availability to attend the
cooking classes; and f) signing the Consent Form. Lead researcher of this
study sent an electronic version (by e-mail) of a brief invitation for the
students who met the criteria for inclusion in the sample. From the 305
students who met inclusion criteria, 223 did not have availability to parti-
cipate in the study. So, 82 agreed to participate: 41 in the IG, and 41 in the
CG. The flow diagram of participants during the study has been published
previously (Bernardo et al., 2017b).

2.2. Study design

A randomized control trial with six months follow-up was con-
ducted in a public Brazilian university from May 2016 to January 2017.
After the recruitment, 82 participants were randomly assigned to the
intervention group (IG) or to control group (CG) by a member of the
research team, using the online software Research Randomizer (http://
www.randomizer.org). Students were not informed about which group
they were assigned since all students would have the opportunity to
participate in the NCK program in time.

The primary outcomes were related to cooking skills and healthy
eating practices: a) accessibility and availability of fruits and vegetables
at home; b) cooking attitudes; c) cooking behaviors at home; d) cooking
behaviors away from home; e) produce consumption self-efficacy; f)
self-efficacy for using basic cooking techniques; g) self-efficacy for using
fruits, vegetables, and seasonings (while cooking); and h) knowledge of
cooking terms and techniques.

2.3. Intervention

The design of the Nutrition and Culinary in the Kitchen (NCK) program
includes five hands-on cooking classes and a food selection and purchase
workshop to a popular food market. Meetings took place weekly within a
3 h block each (total of 18 h of intervention). Participants in the IG received
the intervention program for six weeks over a two-month period. Each
hands-on cooking class had specific objectives and the topics learned in
previous classes were reinforced by means of practice in the kitchen. All
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cooking classes were characterized as hands-on and included different de-
monstrations of ingredients and cooking techniques; discussions about nu-
trition; preparation of recipes by the participants; as well as eating the meal
and discussion at the end of each class session. Each class was conducted
with a group of 10–12 students, divided into groups of two to three students
per workbench, enabling all students to practice what was demonstrated in
the class. Nutrition undergraduate and graduate students participated in the
facilitators' group to help the coordinating teacher during the hands-on
cooking classes. These facilitators each received 3.5 h of theoretical-practical
training. The coordinating teacher had an undergraduate degree in
Nutrition and practical experience in culinary arts. The food selection and
purchase workshop to a popular food market consisted of a food selection
and purchase workshop at a food market where fresh and fresh food pro-
ducts such as fruits, vegetables, fish, meats, and bread are available for
purchase at affordable prices for most students.

Table 1 describes the NCK program session-by-session. The cooking
demonstrations were provided by the coordinating teacher after which, the
participants practiced the cooking skills. Further details of the program, its
specific objectives, the adaptation program for Brazil and the complete
evaluation framework were previously reported (Bernardo et al., 2017b).

2.4. Control conditions

During the intervention program for IG, there were no program mate-
rials or cooking classes provided for the CG and they continued with their

usual practices. Control group participants were informed they would take
part in the intervention program after answering online surveys in three
different time points (T1, T2, and T3). The control group (CG) comprised
participants from the wait-list group who were waiting for 12 months to
participate in the study as they continued with their regular studies at the
University and await the time to answer their questionnaires. Once this
study is finished, the control group participants that completed all of the
questionnaires will be invited to participate in the NCK program at the next
stage of the study. Data from this group was analyzed at the same three-time
points before they began participation in the program and subsequent
comparison with the IG data. After that, the CG will be invited to take part
of the NCK program in order to be able to receive the program benefits.

2.5. Measures

Participants were assessed at three time points: baseline (T1), im-
mediately following the post intervention (T2), and the sustained effect,
six months after the program (T3) (Flego et al., 2014; Herbert et al.,
2014). Pre (T1) and Post-treatment (T2) assessments occurred at the
first and at the last cooking classes, respectively, using tablets for data
collection. At the T3, the intervention group was invited for a meeting
at the University to fill out the survey for the third time. Those who
could not be present at this meeting answered the instrument by email.
At the same time (T1, T2 and T3), the control group (CG) received an
email with a link to answer the online survey.

Table 1
Overview of Nutrition and Culinary in the Kitchen program session-by-session including the cooking demonstrations executed by coordinating teacher and practiced
by participants.

Session Aims Cooking demonstrationsb and Recipes

1 Learning basic cooking techniques and cooking skills to prepare a pleasurable, healthy and
easy meal

• Sautéed, baked and pressure chickenb

• Homemade broth of vegetable and chickenb

• Omeletb

• Roasted vegetables

• Fruits and vegetables cuts (Fresh Fruit Salad)b

2 Getting to know the importance of including more fruits and vegetables in the diet daily • How to blanch vegetablesb

• How to clean and store leafy vegetablesb

• Whole-meal bread made in the frying panb

• Baked chicken and vegetable Salad

• Homemade yogurt sauceb

• Fresh fruit cream sherbet
3a Getting to know a place where fresh foods are sold, as well as learning how to choose foods

and to understand food nutrition labeling
• How to buy natural foods, especially fruits and vegetables at

affordable prices, for a week.

• Discussion on food nutrition labeling
4 Learning how to prepare a healthy and complete meal from food products available in the

pantry
• Black beans cooked with pumpkinb

• Whole-grain rice with garlic

• Brazilian style beefsteak with onionsb

• Homemade vinaigrette sauceb

• Raw Mixed Salad

• Fresh orange
5 Learning the importance of consuming whole grains and of considering flavor during meal

planning
• Roasted homemade meatballs

• Whole-wheat pasta

• Homemade tomato sauceb

• Broccoli salad with lentils

• Homemade salad dressing

• Fresh fruits platter

• Seasoned saltb

6 Using the cooking skills practiced in all the classes to prepare a complete meal • Stewed fish with coconut milk (Moqueca)b

• Parboiled rice with parsley

• White bean salad with onions, lettuce and tomatoes

• Homemade orange, mustard and honey salad dressing

• Farofab,c

• Fish Pirãob,d

• Whole-meal cake

Notes.
a Food selection and purchase workshop.
b Culinary preparations executed by the coordinating teacher who was responsible for the class with the objective of teaching, by means of demonstrations, a new

cooking or preparation technique. After that, participants executed the recipe.
c Farofa: dish of Brazilian kitchen made of manioc flour fried in fat (oil or butter), which can be enriched with other ingredients (vegetables, egg, meats).
d Pirão: dish of Brazilian kitchen made of manioc flour cooked in a hot stock (broth).
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2.6. Demographics and cooking characteristics

Participants were asked to report their demographic and personal
characteristics such as data related to age, gender, undergraduate
course (college schools and departments), type of university admission,
parental education level, ethnicity, ascendance, if they have children
under the age of 16 years old, as well as with whom they live (alone or
with someone, such as friends, family, parents). Cooking characteristics
such as daily time available to cook, equipment and utensils available at
home, self-reported cooking knowledge, source of cooking experience
and location where usually you have the main meal (lunch or dining) –
at home or away from home, are also collected to characterize the
population of the study. Height and weight were self-reported to enable
the calculation of BMI.

2.7. Cooking skills and healthy eating measures

The validated questionnaire was developed for U.S. CWC program
and this is used extensively in the States (Michaud, 2007; Condrasky,
Williams, Catalano, & Griffin, 2011, 2013). It was cross-culturally
adapted and validated to Brazil (Jomori et al., 2017). The questionnaire
included items distributed into eight measures about cooking skills and
healthy eating practices.

Each measure generated an average at each time point and was
analyzed separately, as described: 1) Accessibility and Availability of
Fruits and Vegetables Index (AAFV) (Block, Gillespie, Rosenbaum, &
Jenson, 2000): availability of fruits and vegetables over the previous
week at home; composed of eight items with yes/no questions, scored
as 1 or 0, respectively; 2) Cooking Attitude (CA): extent to which re-
spondents agreed or disagreed with statements about time spent in,
affordability of, and engagement in cooking; composed of seven items
with 5-point Likert scale responses (from “strongly disagree” to
“strongly agree”); 3) Cooking Behavior at home (CBH): frequency of
common cooking activities at home; composed of six items with 5-point
Likert scale responses (“not at all”, “1 to 2 times a month”, “once a
week”, “several times a week”, and “about every day”); 4) Cooking
Behavior away from home (CBAH): frequency of common cooking ac-
tivities away from home; composed of five items with 5-point Likert
scale responses (“not at all”, “1 to 2 times a month”, “once a week”,
“several times a week”, and “about every day”); 5) Self-Efficacy for Using
Basic Cooking Techniques (SECT): degree of confidence in performing
basic cooking techniques; composed of 18 items with 5-point Likert
scale responses (from “not confident at all” to “extremely confident”);
6) Self-Efficacy for Using Fruits, Vegetables, and Seasonings (while cooking)
(SEFVS): degree of confidence in using fruits and vegetables when
cooking; composed of nine items with 5-point Likert scale responses
(from “not confident at all” to “extremely confident”); 7) Produce
Consumption Self-Efficacy (SEPC): degree of confidence in meeting the
government's recommendations for the consumption of fruits and ve-
getables; composed of three items with 5-point Likert scale responses
(from “not confident at all” to “extremely confident”); 8) Knowledge of
Cooking Terms and Techniques (CTT): level of cooking knowledge;
composed of eight items with multiple choice answers (correct answer
scored as 1 point).

Further details of the questionnaire were previously reported
(Bernardo et al., 2017b).

2.8. Data analysis

All analyses were conducted using the Stata® version 13.0
(Statacorp, College Station, TX, USA) and a significance level was set at
5% (p < 0.05). Descriptive analysis of the sociodemographic variables
and of the students' characteristics at baseline were conducted with the
measures mean and standard deviation for symmetrical numeric vari-
ables, or median and interquartile interval for asymmetrical numeric
variables. For categorical variables the prevalence of data (absolute and

relative frequencies) were used. Independent sample T-test (for para-
metric data) or Mann-Whitney test (for non-parametric data) were used
in order to compare intervention and control groups for the pre-inter-
vention condition (baseline) with continuous variables. For categorical
and parametric variables, chi-square test or chi-square fisher's exact test
were used.

Intervention's effect was evaluated by means of the analysis on the
changes in cooking skills and healthy eating survey. Issues related to
the scales evaluated by the instrument (in T1, T2, and T3) were ana-
lyzed to verify data normality. Paired t-tests were used for intragroup
analyses. For the between-group analyses, analysis of covariance
(ANCOVA) with adjustments to the outcomes at baseline was con-
ducted. ANCOVA with baseline outcomes as covariate were performed
in order to test between group differences at post intervention.
Subsequently a linear regression model was used to analyze the mag-
nitudes of the intervention's effects on all outcomes values. The model
was adjusted for the outcome value at the beginning of the study (T1).

2.9. Ethical aspects

Ethical approval was obtained from the Federal University of Santa
Catarina Committee, protocol number 1.318.443, which is in ac-
cordance with the ethical standards laid down in the 1964 Helsinki
Declaration (World Medical Association, 2000). Informed consent form
was obtained from all participating university students at the first
cooking class. Participants did not receive any gift or incentive for their
participation in this study. The trial also was registered in the Brazilian
Clinical Trials Registry (RBR-8nwxh5).

3. Results

3.1. Baseline participant characteristics

A total of 38 intervention participants (93%) completed T1, T2 and
T3 measurements. On average 5.0 ± 0.9 sessions of the six sessions
were attended by intervention group. In the control group, 38 partici-
pants (93%) completed the survey at three times as well. The control
group participants completed the surveys but did not receive materials
nor did they attend any sessions during the study period. Table 2 in-
dicates participant characteristics by group at baseline. No significant
differences were found between the control and intervention groups.

Only one participant (from the control group) reported having
children under the age of 16 years old and it did not change during
follow-up period. Most of participants (94%) were living with friends or
in university residences, away from parents' home. There were students
from ten different college schools and departments, including
Humanities and Social Sciences (37.2%), Science and Technology
(34.6%), and Biology, Medicine and Health (28.2%) (data not shown).
Nearby 80% of participants had lunch or dinner away from home.

The average daily time spent on food preparation, cooking and
cleaning was 130min for both groups and it did not change during
follow-up period. Furthermore, more than half of the students referred
to themselves as knowing how to cook (59% IC vs. 74% CG; p=0.150).
The main sources of learning how to cook was with family/parents
(46%), alone (32%), with cookbooks (16%), with their friends (13%)
and watching cooking TV shows (10%), no significant differences be-
tween groups was noted (data not shown).

From the 38 participants that completed the NCK program inter-
vention, 33 attended the majority of the six sessions (M=5.0,
SE= 1.25).

3.2. Changes in cooking confidence (self-efficacy) related to fruits and
vegetables and using basic cooking techniques

Participants in the intervention group presented a statistically sig-
nificant increase between T1 and T2 in all cooking confidence measures
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(SECT, SEFVS and SEPC) when compared with the control group
(p < 0.001). Within the linear regression model, the effect of the in-
tervention was positive after adjustment for initial outcomes (Table 3).

When analysis was restricted to the intervention group to test the
sustained effect of the program (T3), statistically significant increases in
all cooking confidence measures were reported for pairwise compar-
isons between T1 and T2 (p < 0.001) and between T1 and T3 (6
months post intervention) (p < 0.001) but not between T2 and T3,
suggesting the sustained effect of the program. No significant differ-
ences in any of the cooking confidence measures were found in the
control group between T1 and T2 (Table 4).

3.3. Changes in accessibility and availability of fruits and vegetables at
home

Change from T1 and T2 between groups was significant (p = 0.027)
and the effect of the intervention was positive (β = +0.78) after ad-
justment for initial outcomes (Table 3). Analyzing intervention group
only, statistically significant increases in accessibility and availability of
fruits and vegetables at home was reported between T1 and T2
(p=0.006) and among T1 and T3 (p= 0.006) but not between T2 and
T3 (p=0.249) (Table 4).

3.4. Changes in knowledge of cooking terms and techniques

Self-reported knowledge of cooking terms and techniques (CTT) by in-
tervention group was significantly increased from baseline (T1) to post-

intervention (T2) (p < 0.001), and sustained from baseline (T1) to 6
months follow up (T3) (p < 0.001) but not in the control group (Table 4).
After adjusted analysis of covariance for intergroup comparisons, there was
statistically significant changes between changes of T1 and T2 (p < 0.001).
At the linear regression model, the effect of the intervention was positive
(β = +1.16) after adjustment for initial outcomes (Table 3).

3.5. Cooking behaviors and attitudes

Participants in the intervention group did not present statistically
significant differences between T1 and T2 in cooking attitude measures
(p= 0.096), compared with control group (Table 3). When analysis
was restricted to the intervention group statistically significant in-
creases in cooking attitudes were reported between T1 and T2
(p= 0.020) and among T1 and T3 (6 months post intervention)
(p= 0.006) but not between T2 and T3 (Table 4).

Changes from T1 and T2 between groups was not statistically sig-
nificant to cooking behaviors at home (p=0.118) and to cooking be-
haviors away from home (p=0.393) (Table 3). Also, when analyzing
intervention group only, statistically significant change was not de-
scribed over time to CBH and CBAH measures. However, for the control
group cooking behavior away from home measure was statistically
significantly increased (p= 0.038) between T1 and T2 (p= 0.037)
(Table 4), suggesting increased trending to eat away from home by
university students, only from the control group, over time.

3.6. Changes in other cooking and eating measures

Related to type of location where the participants usually have their
main meal (lunch or dinner), a decrease was noted in the participants intake
of fast food and in eating at snack bars only for intervention group between
T1 (18%) and T2 (5%), but not in T3 (13%). On the other hand, in the
control group an increase was observed in taking fast food or eating at the
snack bars (20% in T1 vs. 23% in T2 vs. 26% in T3) (data not shown).

Participants were asked if they have a range of utensils and equip-
ment available at home. There was a significant increase in the average
amount of utensils and equipment (in units) available at home over
time for intervention group between T1 and T2 and T3 (24.89; 26.81;
and 28.40 respectively; changes between T1 and T2 p < 0.001; be-
tween T1 and T3 p < 0.001; and between T2 and T3 p= 0.045). No
differences in the average amount of utensils and equipment were
found over time in the control group (data not shown).

4. Discussion

The key finding of this study is that the NCK program was associated
with improvement on confidence, knowledge and attitudes related to
cooking, and on accessibility and availability of fruits and vegetables at
home. However, no change was observed in cooking behavior and BMI.

It is important to highlight that the NCK program was based on a
new approach which combines aspects of nutrition and culinary sci-
ences in the form of cooking interventions form (Condrasky & Hegler,
2010). In this context, the recipe development for the present study
aimed to improve the nutritional and sensorial quality of culinary
preparation (Bernardo et al., 2017b). Furthermore, the program con-
sidered the principles of the food guide for the Brazilian population that
highlights the importance of making natural or minimally processed
food the basis of the diet, also using oils, fat, salt, and sugar in small
amounts for seasoning and cooking foods, and to create culinary pre-
parations. For more information about the Brazilian Food Guidelines
there is an English version online with free access (Brazil, 2014). The
use of herbs, citrus and spices also encourages reducing salt while
cooking (Raber et al., 2016). Additional strategies include cooking from
basic ingredients or ‘cooking from scratch’, which means to cook using
natural, fresh and unprocessed foods to prepare healthy meals (Lavelle
et al., 2016a; Raber et al., 2016).

Table 2
Sociodemographic, eating and cooking sample characteristics by group of the
students from a Brazilian university at baseline (N=78).

Characteristics Intervention
(N=39)

Control (N=39) P valuea

Sex (%) 0.488
Female 56.4 64.1
Male 43.6 35.9
Age (years) 0.320
Median (P25, P75) 19.6 (19.0–20.4) 19.9 (19.2–20.7)
Body Mass Index (kg/m2) 0.438
M (± SD) 22.1(±3.3) 22.2(± 3.2)
Undergraduate Course (%) 0.774
Health Sciences 17.9 20.5
Others 82.1 79.5
Class schedule (%) 0.541
Morning 12.8 15.4
Afternoon 10.3 7.7
Night 7.7 17.9
Full time 69.2 59.0
Fathers education level (%) 0.663
High school or less 25.7 20.5
Some college education 28.2 23.1
College or university or more 46.1 56.4
Mothers education level (%) 0.276
High school or less 23.1 15.4
Some college education 28.2 17.9
College or university or more 48.7 66.7
Skin color (%) 0.761
White 84.6 82.1
Others 15.4 17.9
Do you consider you know

how to cook? (%)
0.150

Yes 59.0 74.4
No 41.0 25.6
Location where usually you

have the main meal
(lunch/dinner) (%)

1.000

At Home 20.5 20.5
Away from home 79.5 79.5

a For comparisons between control group and intervention group at baseline.
Statistical significance at P≤ 0.05 using t-test or Mann-Whitney test for con-
tinuous variables, and chi-square test for categorical variables.
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In the present study, students reported spending on average 130min/
day on food preparation, cooking and cleaning. These findings are also
observed in other studies conducted with 1319 adults of the U.S. popula-
tion. About 43% of participants reported spending 1–2 h/day and 41% re-
ported spending>2h/day on food preparation, cooking and cleaning.
Spending less than 1 h/day on these tasks was associated with more money
spent on food away from home and more frequent use of fast food
(Monsivais, Aggarwal, & Drewnowski, 2014). Nearly 80% of university
students in the present study referred to eating away from home. It may
explain the lower time spent in food preparation at home.

Smith, Ng, and Popkin (2013) emphasize strategies for increasing
cooking at home as a way to increase fruit and vegetable intake. In this
context, the NCK program is effective in improving the self-efficacy of
using and consuming fruits and vegetables at home, access of fruits and
vegetables at home, and knowledge of cooking techniques. Improve-
ment of these culinary skills were also supported by other similar
cooking interventions (Condrasky et al., 2013, 2011; Flego et al., 2014;
Garcia et al., 2014; Herbert et al., 2014; Reicks et al., 2014; Warmin
et al., 2012). In addition, studies indicated cooking interventions may
be a promising strategy to reduce the consumption of food away from
home, convenience foods, and ready-to-eat meals (Brunner, Van Der
Horst, & Siegrist, 2010; Condrasky & Hegler, 2010; Garcia et al., 2014;
Robson, Stough, & Stark, 2016).

Confidence in using and consuming fruits and vegetables, and of
using basic cooking techniques increased following the 6-week NCK
program and was maintained at 6 months after the classes, providing
both short and long-term benefits. Other studies with follow-up that
assessed cooking confidence found significant increases after the in-
tervention (Flego et al., 2014; Garcia et al., 2014; Hutchinson et al.,
2016). The confidence to cook has been linked with a better diet quality
and cooking from basic ingredients (Lavelle et al., 2016b, 2016a) and is
an important determinant of cooking behavior (Wolfson, Smith,
Frattaroli, & Bleich, 2016b). Further, when participants gain confidence
in cooking abilities, they tend to share the knowledge and the culinary
preparations with family and friends (Herbert et al., 2014). In this re-
gard, interventions should focus on hands-on cooking classes to in-
crease cooking confidence, highlighting the importance of planning
ahead and teaching methods to facilitate cooking from scratch (Lavelle
et al., 2016b). Practical cooking experience can increase cooking con-
fidence and should be stimulated in interventions that aim increasing
home meal preparation and cooking from scratch (Lavelle et al., 2017).

On the other hand, cooking attitudes, cooking behavior at home and
away from home measures were not different between groups. A recent
literature review (Garcia et al., 2016) concluded that effectiveness of
cooking skill interventions on modifying eating behavior is less con-
sistent than confidence skills. Also, the transcultural adaptation of the

Table 3
Mean change (and SD) for cooking skills and eating healthy practices measures at baseline (T1) and immediately post program (T2) between the intervention and the
control group, adjusted analysis of covariance, and linear regression model for intergroup comparisons.

Outcomes measures Intervention group Control group Difference between groups in changes from
baselinea

Adjusted modelb

Mean (SD) Change from baseline (T2-T1) Change from baseline (T2-
T1)

P value β Coefficient in Linear
Regression

95% CI

AAFV +0.76 (1.60) −0.31 (1.57) 0.027 +0.78 +0.09, +1.47
CA +0.21 (0.53) −0.08 (0.39) 0.096 +0.16 +0.03, +0.35
CBH +1.31 (0.50) −0.10 (0.60) 0.118 +0.19 −0.05, +0.44
CBAH +0.05 (0.46) +0.15 (0.43) 0.393 −0.08 −0.27, +0.11
SECT +0.84 (0.45) −0.04 (0.33) < 0.0001 +0.82 +0.64, +1.00
SEFVS +0.98 (0.60) −0.09 (0.45) < 0.0001 +0.97 +0.74, +1.21
SEPC +0.67 (0.83) +0.07 (0.75) 0.025 +0.40 +0.05, +0.76
CTT +1.58 (1.73) +0.23 (1.24) < 0.0001 +1.16 +0.65, +1.67

Abbreviations: AAFV: accessibility and availability of fruits and vegetables. CA: cooking attitudes. CBH: cooking behaviors at home. CBAH: cooking behaviors away
from home. SECT: self-efficacy for using basic cooking techniques. SEFVS: self-efficacy for using fruits, vegetables, and seasonings (while cooking). SEPC: produce
consumption self-efficacy. CTT: knowledge of cooking terms and techniques.
Notes.

a Analysis of Covariance (ANCOVA) adjusted for outcome at baseline.
b The adjusted effect corresponds to the regression coefficient (95% CI) in a linear regression model adjusted for outcome at baseline.

Table 4
Cooking skills and eating healthy practices measures for the intervention group and control group at baseline (T1), post intervention (T2) and 6 months follow up
(T3).

Outcomes Intervention Group Control Group

Mean (SD) T1 T2 T3 Change T2-T1 Change T3-T1 Change T3-T2 T1 T2 Change T2-T1

P value* P value* P value* P value*

AAFV 3.90 (2.47) 4.63 (2.30) 5.08 (2.37) 0.006 0.006 0.249 5.02 (2.33) 4.72 (2.35) 0.230
CA 3.30 (0.76) 3.46 (0.61) 3.50 (0.66) 0.020 0.006 0.702 3.61 (0.64) 3.54 (0.60) 0.232
CBH 2.91 (0.87) 3.01 (0.86) 3.01 (0.80) 0.113 0.243 1.000 3.10 (0.82) 2.99 (0.88) 0.295
CBAH 2.49 (0.47) 2.56 (0.57) 2.43 (0.60) 0.491 0.289 0.064 2.46 (0.66) 2.61 (0.63) 0.037
SECT 3.09 (0.68) 3.92 (0.56) 3.85 (0.70) < 0.0001 < 0.0001 0.369 3.46 (0.72) 3.42 (0.82) 0.494
SEFVS 3.15 (0.79) 4.12 (0.58) 3.96 (0.73) < 0.0001 < 0.0001 0.076 3.57 (0.81) 3.47 (0.95) 0.205
SEPC 2.97 (1.14) 3.58 (1.09) 3.48 (1.02) < 0.0001 0.0003 0.283 3.61 (1.05) 3.67 (1.03) 0.574
CTT 4.74 (1.89) 6.42 (1.33) 6.50 (1.31) < 0.0001 < 0.0001 0.686 5.15 (1.56) 5.38 (1.29) 0.254

Abbreviations: AAFV: accessibility and availability of fruits and vegetables. CA: cooking attitudes. CBH: cooking behaviors at home. CBAH: cooking behaviors away
from home. SECT: self-efficacy for using basic cooking techniques. SEFVS: self-efficacy for using fruits, vegetables, and seasonings (while cooking). SEPC: produce
consumption self-efficacy. CTT: knowledge of cooking terms and techniques.
Notes: *Paired t-test intragroup.
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instrument used to measure cooking skills showed that CA, CBH and
CBAH measures had low internal consistency, suggesting theses scales
must be reviewed to better represent them in the evaluation of Brazilian
university students (Jomori et al., 2017).

The price of food products and the lack of time has been perceived
to be barriers to the consumption of a healthful diet among young
adults (Deliens, Clarys, Bourdeaudhuij, & Deforche, 2014; Garcia,
Sykes, Matthews, Martin, & Leipert, 2010; Lavelle et al., 2016a). Also,
the foods available at the university snack bars and restaurants may
also influence the food choices of students. A study conducted at a
public university in Brazil analyzed the university environment and
showed that food sold had low nutritional quality, and the healthiest
foods were the most expensive (Pulz, Martins, Feldman, & Veiros,
2017). Results from the current study and other cooking interventions
(Herbert et al., 2014; Hutchinson et al., 2016; Kerrison et al., 2017)
suggest increased knowledge and improved cooking skills can influence
shopping for healthy food. In addition, the NCK program showed the
increase in the accessibility and availability of fruits and vegetables at
home, highlighting that the food selection and purchase workshop to a
popular food market may offer knowledge about how to purchase af-
fordable organic and fresh foods.

The results of the NCK intervention analysis over time also suggests
sustained impacts at 6 months' post program for most measures.
However, these changes seemed to decrease from the end of the in-
tervention (T2) to 6 months after program (T3), particularly in the case
of cooking confidence. This suggests that the cooking skills intervention
may improve short-term changes in cooking skills and healthy practices
which can be sustained and enhanced over longer period. Therefore,
authors (Flego et al., 2014; Garcia et al., 2014) suggest an update of the
cooking practice classes over time to give support to maintenance of
program effect in the long term.

The results of the current study may offer data for implementation of
future public policies in the context of university students, because it re-
presents an important environment for health promotion by means of
continuing cooking education. In this sense, government policies should
invest in hands-on cooking class intervention to promote healthier eating
practices for the population. Authors suggest that the opportunities to de-
velop cooking skills by early adulthood may result in long-term benefits in
regard to cooking and eating behaviours. This may be important as young
adults develop more autonomy and live independently (Utter, Larson,
Laska, Winkler, & Neumark-Sztainer, 2018).

Some limitations are recognized within this study that should be
taken into consideration for future studies. First, the study involved a
group of students from one public university, homogeneous in terms of
age, parents' education, race and cooking characteristics. Therefore, it
does not allow generalizing the results to other populations, which
requires further research. However, the chosen university has more
than 30,000 enrolled students in undergraduate courses. Such students
come from several regions of Brazil and South American countries,
which may contribute an increased diversity of the sample.

Additionally, the online survey was self-reported by the partici-
pants, which may allow for some information bias. For the BMI clas-
sification, weight and height data provided by the participants was
used, which may allow bias in regard to underestimation of weight or
overestimation of height. Such bias may occur with overweight parti-
cipants and females who tend to underestimate their weight (Ekström,
Nilsson & Bergström, 2015; Kovalchik, 2009; Larsena, Ouwensb,
Engelsc, Eisingad, & Striena, 2008). However, self-reported measures of
weight and height have been used in epidemiologic studies and may be
a valid measure to improve accuracy of the collected data (Ekström,
Kull, Nilsson, & Bergström, 2015; Hastuti, Rahmawati, & Suriyanto,
2017; Spencer, Appleby, Davey, & Key, 2002). Lastly, the participants
of this study were students who were able to participate in cooking
classes and may have been more involved with their meal preparation
at home. However, this occurred for both groups and regardless of the
level of the participants' cooking skills, the NCK program was effective

in the intervention group.
To our knowledge, this is the first cooking intervention program for

university students to include a long-term follow-up. In addition, this
study is the first to use rigorous methods to conduct a randomized
control trial with six months follow-up in a university environment with
control and intervention groups from the same setting. The consensus in
the statistical literature for randomized control trials with follow-up is
that the analysis of covariance (ANCOVA), is the most powerful and
robust method (Vickers & Altman, 2001). Also, our study used a cross-
culturally adapted and validated instrument to Brazil that may support
reliable and accurate data for the cooking skills interventions in the
Brazilian university context (Jomori et al., 2017). The randomization of
participant groups means that the improvements observed in the pre-
sent study were derived from the intervention program.

5. Conclusion

This study demonstrated the effectiveness of the NCK program on
improving cooking skills of university students, especially in their first
year of study or during first year living away from their parents' home.
In the current study, cooking confidence and confidence on consump-
tion of fruits and vegetables (FVs), cooking attitude, knowledge of
cooking and accessibility and availability of FVs at home increased. On
the other hand, eating in the fast food and snack bars decreased.

The present study contributes important information related to
long-term effects of cooking skills interventions. This suggests that the
NCK program promoted healthier eating habits to the university stu-
dents in the short- and long-term. In addition, the results of the current
study may offer data for implementation of public policies in the con-
text of a university campus, because it represents an important en-
vironment for health promotion by means of culinary and nutrition type
hands-on classes.

Further research could be conducted to confirm the trial findings
with the university community and in different group of people.
Qualitative studies could be conducted in parallel conducted to ex-
amine university students' perceptions regarding improvement of the
cooking skills program and the importance of the social approach of the
intervention.
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