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Abstract: The transition from adolescence to university life represents a crucial period during
which dietary choices can significantly influence long-term health outcomes. While the benefits
of consuming a diet rich in fruits and vegetables (FVs) are widely acknowledged, there remains a
noticeable gap in research concerning the factors influencing the consumption of specific FV varieties
among university students. This study aimed to investigate the factors and barriers influencing
the diversity of fruit and vegetable intake among undergraduate students. A cross-sectional study
involving 542 undergraduate students (with an average age of 20.6 £ 0.1 years and a body mass
index of 21.3 & 0.2 kg/m?) was conducted at Chulalongkorn University in Bangkok, Thailand,
between February and September 2022. Most students showed a preference for tropical fruits with
inedible peels (88.2%) and Brassicaceae vegetables (91.0%), whereas lower consumption was observed
for citrus fruits (19.7%) and Fabaceae vegetables (43.7%). Sociodemographic factors and cooking
methods significantly influenced FV intake, with non-consumption associated with male students,
independent living, lower BMI, and advanced academic years. A lower quality of life was found
to be correlated with a higher proportion of students who did not consume vegetables. Barriers to
inadequate fruit intake included busy lifestyles, while taste preference emerged as the primary reason
for fruit consumption. Busy lifestyles and perceived healthiness were identified as the main barriers
and reasons for vegetable intake. The study highlights the importance of implementing strategies
and improvements in the university environment to promote diverse FV consumption and encourage

healthy dietary behaviors among students.

Keywords: fruit and vegetable intake; undergraduate students; sociodemographic; reason; barrier

1. Introduction

Fruits and vegetables are universally recognized as essential components of a healthy
diet due to their rich nutritional profile, including dietary fiber, vitamins, minerals (notably
electrolytes like potassium, calcium, and magnesium), and various phytochemicals that
exhibit significant variation among different fruit and vegetable varieties [1]. These foods
are crucial in mitigating risk factors associated with various chronic diseases, such as ele-
vated blood sugar levels, lipid imbalances, and high blood pressure, while also countering
oxidative stress [2—4].

The World Health Organization (WHO) recommends daily consumption of at least
400 g or five servings of fruits and vegetables to enhance overall health [5]. Several
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studies consistently highlight that increased fruit and vegetable intake correlates with
reduced inflammation and lower susceptibility to chronic diseases, including diabetes,
coronary heart disease, stroke, cancer, and all-cause mortality [6]. Evidence suggests
that higher fruit and vegetable consumption is associated with a 7% to 27% reduction
in the risk of cardiovascular disease (CVD), coronary heart disease (CHD), and stroke
incidents [7]. A linear dose-response relationship exists between the intake of these foods
and the risk of CHD, with a maximum daily consumption of seven servings of each fruit
and vegetable leading to approximately 20% and 30% reductions in CHD incidence and
mortality, respectively [4]. However, a substantial proportion of countries, representing
75% of the global population, fall below the WHO’s recommended minimum targets for
fruit and vegetable intake [8].

Inadequate fruit and vegetable consumption is a complex issue influenced by diverse
factors that vary across age groups and demographic categories. For example, surveys
conducted in the United States and Australia highlight a concerning trend, with 82% of
adults failing to meet the recommended daily vegetable intake due to factors such as
attitudes, time constraints, and accessibility issues [9-11]. Despite extensive studies on
consumption patterns that often focus on broad age ranges and general populations, there
is a noticeable oversight in addressing specific data gaps, particularly those related to
young adults. Understanding the dietary habits of this demographic is paramount, given
that their lifestyle choices can significantly impact the risk and severity of chronic diseases
later in life.

Targeting specific demographics, such as young adults, becomes imperative to gain
insights into their consumption behaviors and associated factors regarding fruit and veg-
etable intake. This understanding lays the foundation for developing effective strategies
to modify dietary behavior, promote increased fruit and vegetable intake, and mitigate
future health risks. The issue of inadequate fruit and vegetable consumption is particularly
pronounced among young adults, especially undergraduate students, who consistently
face challenges in maintaining a balanced and nutritious diet, with low fruit and vegetable
intake being a notable concern [12,13]. Additionally, a lack of awareness about the nutri-
tional benefits of fruits and vegetables and their role in promoting health may contribute to
their limited inclusion in the diet.

Notably, there is a significant gap in surveys regarding the varieties of fruit and
vegetable consumption among undergraduate students. To address this gap, this study
aimed to examine the intake of fruits and vegetables, analyze each variety independently,
and identify the factors and barriers influencing such intake among undergraduate students.
The goal was to comprehensively understand their eating behaviors, providing valuable
insights for creating targeted strategies and practical interventions to promote increased
fruit and vegetable consumption among this demographic.

2. Materials and Methods
2.1. Study Design and Participants

This online cross-sectional study was conducted from February to September 2022. The
questionnaire was administered via Google Forms on an online platform and distributed
through various social media channels, including email, Facebook, Instagram, and Line.
Additionally, QR codes were generated for the questionnaire distribution to students onsite
at locations such as canteens, dormitories, the sports center, and the university library.
Information sheets and consent forms were provided to all participants.

The study included male and female undergraduate students from Chulalongkorn
University aged > 18 who were proficient in reading and understanding Thai. Participants
with incomplete questionnaire responses were excluded from the analysis.

The sample size was determined based on the undergraduate student population of
Chulalongkorn University, calculated with a 5% margin of error at a 95% confidence level
and accounting for a 20% dropout rate, suggesting that a minimum of 455 students should
be included. The study protocol was conducted following the Declaration of Helsinki
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and approved by the Research Ethics Review Committee for Research Involving Human
Subjects at Chulalongkorn University (COA No. 019/2565). The details of the study flow
and participant enrollment are shown in Figure 1.

Total Undergraduate Students
(n=26,202)

A 4

Enrollment for eligibility
(n.=567)

| Excluded (n=3)
| - Not meeting inclusion criteria (n =3)

A 4

Remaining sample size
(n=564)

Excluded (n =22)

- Missing data for digital usage (n =3)
» - Missing data for reporting fruit and
vegetable intake (n =19)

A 4

Data analysis
(n=542)

Figure 1. Consort diagram of study flow and participants.

2.2. Data Collection

Data collection involved using an online questionnaire, which was promoted through
email, Facebook, Instagram, and Line. Undergraduate students were invited to participate
in a questionnaire focusing on the correlation between sociodemographics, stress, quality of
life, and barriers to fruit and vegetable intake. Before completing the online questionnaire,
the researcher provided participants with an overview of the study’s objectives and a brief
description of the questionnaire.

2.3. Questionnaire Design

The questionnaire, structured as an online form, consisted of five sections: (1) General
Information (14 questions), (2) Fruit and Vegetable Intake (8 questions), (3) Reasons and
Barriers for Consumption (5 questions), (4) Stress (10 questions), and (5) Quality of Life
(26 questions). Completing the entire questionnaire typically took approximately 10-15 min.
It comprised a total of 63 questions, including blanks, rating scales, and multiple-choice
options. Three experts in the fields of nutrition and public health evaluated each question
for validity and reliability, with the overall instrument demonstrating reliability, as indi-
cated by Cronbach’s alpha index of 0.95. In the Sociodemographic Characteristics section,
participants provided background information, including sex, age, study fields, academic
years, living arrangements, engagement in online learning, digital usage, physical activity,
smoking habits, and cooking methods. Hybrid learning, a common practice in universi-
ties, was closely linked to the duration of digital usage, encompassing tablets, computers,
and smartphones. Consequently, participants were queried about the duration of online
learning and digital platform usage, classified based on the credit registration criteria for
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undergraduate students at Chulalongkorn University (<3 h/>3 h/day for online learning,
and <3 h/day, 3-6 h/day, or >6 h/day for digital usage). Lifestyle behaviors were assessed
following the WHO guideline on physical activity (no exercise, <3 times or 150 min/week,
or >3 times or 150 min/week), categorizing physical activity levels as inactivity, insufficient,
and sufficient [14]. Additionally, participants indicated their cooking methods (by them-
selves, by parents or caregivers, or by buying food from outside) to evaluate their behavior
regarding food preparation.For the assessment of fruit and vegetable intake, a semi-FFQ
questionnaire was utilized. This questionnaire delved into the frequency and quantity of
24 fruits and 20 vegetables. Supplementary Table S1 represents common types consumed
by Thai people and meeting Thai agricultural standards, categorized into six and seven
families, respectively [15]. The supporting materials provided a list of the specific fruits and
vegetables included in the questionnaire, as shown in Supplementary Figures S1 and S2.
Additionally, participants were asked to specify the form in which they typically purchased
fruits and vegetables (raw, cooked, or processed), and multiple answers were accepted.

Three response options “because of (taste/healthy/availability)” were provided to
understand the reasons behind fruit and vegetable intake. In contrast, barriers to inadequate
fruit and vegetable intake, aligned with the WHO recommendations, were assessed using
options such as “because of (sufficient intake perceived/Unlike/It needs too much effort
and time to prepare/I often forget to eat/It is expensive/It doesn't fit my lifestyle /unknown
benefits)”. Importantly, participants were allowed to select multiple answers for both
sections [16]. Stress levels were gauged using the Perceived Stress Scale (PSS-10), using
the previously validated Thai version [17]. Participants were asked to evaluate their stress
over the past two weeks, with the total score ranging from 10 to 40 and categorized as
10 to 20 (low), 21 to 31 (moderate), and 32 to 40 (high). Additionally, the quality of life
was assessed using the validated Thai version of the World Health Organization Quality
of Life measurement form (WHOQOL-BREF-THAI) [18]. This assessment comprised
26 questions covering physical health, psychological health, social relationships, and
environmental aspects related to quality of life. The total score ranged from 26 to 60 (poor)
and 61 to 95 (mild), with a higher score indicating a higher quality of life.

2.4. Statistical Analysis

Data were represented as counts and percentages for categorical variables. The x test
was used to determine the relationship between all categorical variables. Binary logistic
regression was used to assess the association between the consumption of each fruit and
vegetable group (Yes/No intake) and independent variables (sociodemographic variables,
physical activity level, cooking method, stress, and quality of life). For analysis, each
subgroup of categorical variables including male, obese, a health science student, a senior
student, living with parents, having an income THB > 10,000/ month, attending online
classes >3 days/week, using a digital device for online learning >6 h/day, engaging in
sufficient physical activity, not smoking, cooking by themselves, reporting low perceived
stress, and having poor quality of life were identified as a reference group. The adjusted
odds ratio (OR) was applied with a 5% significance level, and statistical significance was
considered at p < 0.05. All analyses were performed using the Statistical Package for the
Social Sciences (SPSS) version 22.

3. Results
3.1. Sociodemographic Characteristics

A total of 542 undergraduate students participated in the study; 65.3% were female,
and 29.0% were seniors (Table 1). Approximately 38% studied health sciences and lived in
shared accommodation. More than half of the students had a normal BMI and received
a monthly income of THB 5001-10,000. A total of 51.8% of students attended online
classes more than 3 days per week, and 90.0% used digital devices for at least 3 h daily
without smoking. Most students (40.0%) had insufficient physical activity. A minority
reported high perceived stress (1.5%) and poor quality of life (2.4%). A majority of students
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(74.7%) purchased their food from outside rather than cooking by themselves or relying on
family preparation.

Table 1. Sociodemographic characteristics of undergraduate students (n = 542).

Variables Total, n (%)
Sex
Male 188 (34.7)
Female 354 (65.3)
BMI !
Underweight 116 (21.4)
Normal 296 (54.6)
Overweight 66 (12.2)
Obese 64 (11.8)
Study Fields
Health Sciences 203 (37.5)
Social and Humanities 182 (33.6)
Sciences and Technology 157 (29.0)
Academic Years
Freshman 122 (22.5)
Sophomore 135 (24.9)
Junior 127 (23.4)
Senior 158 (29.2)
Living
Parents 197 (36.3)
Roommates 210 (38.7)
Alone 135 (24.9)
Income (THB/month)
<5000 174 (32.1)
5001-10,000 271 (50.0)
>10,000 97 (17.9)
Online class
<3 days/week 261 (48.2)
>3 days/week 281 (51.8)
Digital usage
<3 h/day 53 (9.8)
3-6 h/day 225 (41.5)
>6 h/day 264 (48.7)
Physical activity 2
Sufficient 114 (21.0)
Insufficient 217 (40.0)
Inactivity 211 (38.9)
Smoking
Smoking 15 (2.8)
No smoking 527 (97.2)
Cooking method
By themself 29 (5.4)
Buying from outside 405 (74.7)

By others (parents, caregivers, or maids) 108 (19.9)
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Table 1. Cont.

Variables Total, n (%)
Perceived stress
Low 317 (58.5)
Moderate 217 (40.0)
High 8 (1.5)
Quality of life
Poor 13 (2.4)
Moderate 379 (69.9)
Good 150 (27.7)
Fruit intake
<3 servings/day 536 (98.9)
>3 servings/day 6(1.1)
Vegetable intake
<4 servings/day 540 (99.6)
>4 servings/day 2(0.4)

All n values are the number of observations. ! BMI (body mass index); underweight defined as <18.5 kg/m?,
normal as 18.5-22.9 kg/m?, overweight as 23.0-24.9 kg/m?, and obese as >25.0 kg/m?. 2 Physical activity
> 3 days/150 min per week is defined as sufficient, <3 days/150 min per week as insufficient, and no physical
activity as inactivity.

3.2. Fruit and Vegetable Intake

More than 90% of undergraduate students consumed less than three servings of fruit
and less than four servings of vegetables per day (Table 1). The prevalence of students
reporting their consumption or non-consumption of fruits and vegetables is depicted in
Figures 2 and 3. In terms of fruit intake, a higher percentage of students (80.3% and 69.2%)
reported no intake of citrus fruit and berries/small fruit, respectively. Regarding vegetable
intake, the family of Fabaceae vegetables had approximately 56.3% of students reporting
no intake, which was higher than that of other vegetable families. Among the consumed
items, inedible-peel-assorted tropical and subtropical fruits and Brassicaceae vegetables
recorded the highest consumption rates (88.2% and 91%), while citrus fruits and Fabaceae
vegetables had the lowest proportions (19.7% and 43.7%). Additionally, raw fruit and
cooked vegetables were found to be the main purchased forms for both groups (Yes/No
consumption), as shown in Supplementary Tables S2 and S3.

‘ . Yes

Melon fruit === No
Assorted tropical and subtropical fruits (Inedible peel)
Assorted tropical and subtropical fiuits (edible peel) *
Berries and other small fiuits ‘_—‘
R J—

Citrus fruit ‘P
I T T T T 1
0 20 40 60 80 100

Percentage of fruit intake (%)

Figure 2. The percentage of fruit intake in undergraduate students.
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Figure 3. The percentage of vegetable intake in undergraduate students.

Supplementary Tables S4 and S5 present the correlation between sociodemographic
factors and the variety of fruit and vegetable (FV) intake. Regarding fruit varieties, there
was a significant association between gender and the intake of pone and edible peel
of assorted tropical and subtropical fruits. Living arrangements were also significantly
associated with the consumption of citrus fruits, pome, berries, and other small fruits and
the inedible peels of assorted tropical and subtropical fruits. Additionally, the cooking
methods used by students showed a significant association with the consumption of citrus
fruits, berries, and other small fruits, as well as the inedible peels of assorted tropical and
subtropical fruits. However, BMI, study field, academic years, income, online learning,
digital usage, physical activity, smoking, stress, and quality of life did not significantly
affect the decision to consume each type of fruit.

Concerning the diversity of vegetable consumption, significant associations were ob-
served between gender and the intake of Lamiaceae vegetables. There was also a significant
association between BMI and the consumption of vegetables from the Physalacriaceae and
Asteraceae families. The field of study exhibited an association with the intake of Physalacri-
aceae vegetables, while different academic years were significantly associated with the
consumption of Brassicaceae vegetables. Income was also found to be significantly associ-
ated with the consumption of Asteraceae vegetables. Moreover, a significant relationship
was noted between the level of physical activity and the intake of Solanaceae and Asteraceae
vegetables, respectively. Additionally, the choice of cooking methods was associated with
the consumption of Brassicaceae and Lamiaceae vegetables. Lastly, the quality of life of
students exhibited statistically significant associations with the intake of vegetables such as
Brassicaceae, Lamiaceae, and Physalacriaceae, respectively. Nevertheless, the results did not
show a significant association between the varieties of vegetable consumption and online
learning, digital usage, smoking, or stress levels among undergraduate students.

Therefore, binary logistic regression was employed to examine the sociodemographic
factors influencing the intake of various fruit and vegetable varieties. Regarding fruit con-
sumption, the results from Table 2 revealed that female students were 1.6 and 2.2 times more
likely than male students to consume pome fruit (95% CI = 1.086-2.410; p = 0.018) and the
edible peel of assorted tropical and subtropical fruits (95% CI = 1.499-3.363; p < 0.001). The
odds ratio for female students reporting no consumption was 38.2% (95% CI = 0.415-0.921;
p = 0.018) and 55.5% (95% CI = 0.297-0.667; p < 0.001) lower for these fruits compared to
male students.

Students who resided independently or with roommates demonstrated a notable
correlation with the intake of pome fruits (less than 42.4% (95% CI = 0.342-0.969; p = 0.038)
and 40.8% (95% CI = 0.370-0.946; p = 0.028), respectively) and berries and other small
fruits (less than 62.5% (95% CI = 0.210-0.670; p < 0.001) and 53.1% (95% CI = 0.283-0.776;
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p = 0.003), respectively) in comparison to those residing with their parents. In the no-intake
group, students living alone or with roommates were 1.7 times (95% CI = 1.032-2.920;
p =0.038, 95% CI = 1.057-2.700; p = 0.028) more likely to abstain from pome fruits and 2.7
and 2.1 times (95% CI = 1.493-4.760; p < 0.001, 95% CI = 1.288-3.532; p = 0.003) more likely
to avoid berries and other small fruits than those living with their parents.

Furthermore, students who ingested meals prepared by their parents or purchased
externally were 7.2 and 3.3 times (95% CI = 1.957-26.307; p = 0.003, 95% CI = 1.291-8.425;
p = 0.013) more inclined than those who cooked for themselves to partake in the inedible
peel of assorted tropical and subtropical fruits. Conversely, the odds ratio for students
refraining from consuming these fruits was 86.1% (95% CI = 0.038-0.511; p = 0.003) and
69.7% (95% CI = 0.119-0.775; p = 0.013) lower among those who relied on food prepared by
their parents or bought from outside, respectively, in comparison to those who engaged in
self-cooking. Nevertheless, no statistically significant association was observed between
the consumption of individual fruit varieties and other sociodemographic variables, as
evidenced in Supplementary Table S6.

As depicted in Table 3, the odds ratio for students reporting Lamiaceae vegetable con-
sumption was 66.7% (95% CI = 0.152-0.732; p = 0.006) lower among those with a normal
BMI compared to obese students, while being three times more likely to have no consump-
tion of these vegetables than obese students (95% CI = 1.366-6.593; p = 0.006). Concerning
Physalacriaceae consumption, the odds ratio was significantly 64.8% (95% CI = 0.147-0.842;
p = 0.019) and 74.6% (95% CI = 0.100-0.642; p = 0.004) lower among students with a normal
BMI and underweight, respectively. In contrast, the odds ratio was 2.8 and 3.9 times higher
among students with a normal BMI and underweight (95% CI = 1.188-6.79; p = 0.019,
95% CI = 1.557-9.953; p = 0.004), indicating a greater likelihood of no consumption of this
vegetable compared to obese students.

Concerning the year of study, junior students were found to be 3.7 times more likely
than senior students to report consuming Brassicaceae vegetables (95% CI = 1.423-9.414;
p = 0.007), while the odds ratio for junior students reporting no consumption was 72.7%
lower compared to senior students (95% CI = 0.106-0.703; p = 0.007). Additionally, students
who consumed food prepared by their parents or bought from outside were significantly
associated with reporting the consumption of Brassicaceae vegetables (3.7 and 3.5 times,
respectively) (95% CI = 1.034-13.064; p = 0.044, 95% CI = 1.242-10.113; p = 0.018) and
Lamiaceae vegetables (3.2 and 3.6 times, respectively) compared to those who cooked their
food (95% CI = 1.268-8.053; p = 0.014, 95% CI = 1.578-8.253; p = 0.002). Conversely, students
who consumed food prepared by their parents or bought from outside were significantly
associated with reporting no consumption of Brassicaceae vegetables (less than 72.8% (95%
CI=0.077-0.967; p = 0.044) and 71.8% (95% CI = 0.099-0.805; p = 0.018), respectively) and
Lamiaceae vegetables (less than 68.7% (95% CI = 0.124-0.789; p = 0.014) and 72.3% (95%
CI =0.121-0.634; p = 0.002), respectively) compared to those who prepared their meals.

Additionally, students with a mild and good quality of life were significantly associated
with reporting higher consumption of Brassicaceae (12.7 and 9.8 times, respectively) (95%
CI = 3.201-50.779; p < 0.001, 95% CI = 2.330-41.079; p = 0.002), Lamiaceae (5.9 and 7.1 times,
respectively) (95% CI = 1.645-21.266; p = 0.006, 95% CI = 1.900-26.298; p = 0.004), and
Physalacriaceae (5.4 and 4.4 times, respectively) compared to those with a poor quality of
life (95% CI = 1.548-18.905; p = 0.008, 95% CI = 1.215-15.733; p = 0.024). For students
reporting no consumption of these vegetable families, the odds ratio was significantly
lower—22.0% (95% CI = 0.020-0.312; p < 0.001) and 89.8% (95% CI = 0.024-0.429; p = 0.002)
for Brassicaceae, 83.1% (95% CI = 0.047-0.608; p = 0.006) and 85.9% (95% CI = 0.038-0.526;
p = 0.004) for Lamiaceae, and 81.5% (95% CI = 0.053-0.646; p = 0.008) and 77.1% (95%
CI = 0.064-0.823; p = 0.024), for Physalacriaceae, among those who consumed food prepared
by their parents or bought from outside, respectively, compared to those who cooked for
themselves. The regression results showed no statistically significant association between
other sociodemographic characteristics and the consumption of each vegetable family, as
indicated in Supplementary Table S7.
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Table 2. Binary regression of sociodemographic characteristics of fruit intake (1 = 542).

Assorted Tropical and

Assorted Tropical and

Citrus Fruit Pome Fruit Berries and Other Small Fruits Subtropical Fruits Subtropical Fruits Melon Fruit
. (Edible Peel) (Inedible Peel)
Variables
Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
Yes No Yes No Yes No Yes No Yes No Yes No
Sex (Reference = Male)
Female 1.096 0.912 1.618 0.618 0.833 1.201 2.246 0.445 1.765 0.567 0.956 1.046
(0.664-1.810)  (0.553-1.506)  (1.086-2.410) * (0.415-0.921)*  (0.544-1.276) (0.784-1.839)  (1.499-3.363) *** (0.297-0.667) *** (0.961-3.239) (0.309-1.040)  (0.647-1.413)  (0.708-1.546)
Living (Reference = Parents)
Roommates 0.690 1.450 0.592 1.689 0.469 2.133 0.759 1.318 0.627 1.596 1.278 0.783
(0.38-1.253) (0.798-2.635)  (0.37-0.946) *  (1.057-2.700) * (0.283-0.776) **  (1.288-3.532) ** (0.467-1.233)  (0.811-2.140) (0.289-1.359) (0.736-3.463)  (0.805-2.027)  (0.493-1.242)
Alone 0.828 1.208 0.576 1.736 0.375 2.666 0.66 1.514 0.492 2.031 0.733 1.365
(0.43-1.597) (0.626-2.328)  (0.342-0.969) * (1.032-2.920) * (0.210-0.670) ***  (1.493-4.760) *** (0.387-1.126)  (0.888-2.581) (0.218-1.114) (0.898-4.594)  (0.439-1.223)  (0.817-2.279)
Cooking Method (Reference = Cooking by Themselves)
B;Ziﬁg 1.075 0.930 1.210 0.826 1.791 0.558 1.401 0.714 3.297 0.303 1.351 0.740
outside (0.379-3.051)  (0.328-2.641)  (0.545-2.689)  (0.372-1.836) (0.673-4.765) (0.210-1.486)  (0.624-3.147)  (0.318-1.603)  (1.291-8.425)*  (0.119-0.775) *  (0.609-2.998)  (0.334-1.643)
Cooking by
parents, 2.728 0.367 1.566 0.638 2.818 0.355 1.407 0.711 7.176 0.139 1.887 0.53
caregivers,  (0.902-8.249)  (0.121-1.108)  (0.647-3.790)  (0.264-1.545) (0.996-7.970) (0.125-1.004)  (0.573-3.452)  (0.290-1.745)  (1.957-26.307) ** (0.038-0.511) ** (0.784-4.543)  (0.220-1.276)
or maids

*Sig. < 0.05, ** Sig. < 0.01, and *** Sig. < 0.001.
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Table 3. Binary regression of sociodemographic characteristics of vegetable intake (1 = 542).

Cucurbitaceae Brassicaceae Solanaceae Lamiaceae Physalacriaceae Fabaceae Asteraceae
Variables Adjusted OR (95% CT) Adjusted OR (95% CI) Adjusted OR (95% CT) Adjusted OR (95% CT) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
Yes No Yes No Yes No Yes No Yes No Yes No Yes No
BMI (Reference = Obese)
Underweight 0.592 1.690 1.100 0.909 0.672 1.489 0.467 2.139 0.254 3.937 0.573 1.744 0.611 1.637
8 (0.258-1.362)  (0.718-3.982)  (0.397-3.044)  (0.329-2.516)  (0.328-1.374)  (0.728-3.045)  (0.197-1.107)  (0.903-5.067)  (0.100-0.642) ** (1.557-9.953)** (0.299-1.098)  (0.911-3.339)  (0.313-1.191)  (0.840-3.193)
Normal 0.788 1.199 1.785 0.560 0.677 1.477 0.333 3.001 0.352 2.84 0.734 1.362 0.83 1.205
(0.366-1.697) (0.546-2.632)  (0.692-4.603)  (0.217-1.444) (0.357-1.285) (0.778-2.803) (0.152-0.732) ** (1.366-6.593) ** (0.147-0.842) * (1.188-6.790) * (0.416-1.297)  (0.771-2.406) (0.457-1.504) (0.665-2.186)
Overweight 0.735 1.259 1.495 0.669 0.837 1.194 0.409 2.448 0.414 2417 0.739 1.353 1519 0.658
& (0.286-1.886)  (0.471-3.367)  (0.384-5.827)  (0.172-2.606)  (0.358-1.960)  (0.510-2.796)  (0.155-1.075)  (0.930-6.441)  (0.142-1.203)  (0.831-7.027)  (0.354-1.542)  (0.649-2.821)  (0.670-3.444)  (0.290-1.493)
Academic Year (Reference = Senior)
Freshman 1.334 0.808 2.408 0.415 1.053 0.950 0.750 1.334 1.088 0.919 1.216 0.822 0.780 1.282
(0.674-2.639)  (0.412-1.582)  (0.986-5.882)  (0.170-1.014)  (0.589-1.884)  (0.531-1.698)  (0.413-1.361)  (0.735-2.422)  (0.590-2.009)  (0.498-1.696)  (0.714-2.069) (0.483-1.4) (0.455-1.337)  (0.748-2.197)
Sophomore 1.425 0.756 2.334 0.428 0.85 1.177 0.904 1.106 1.327 0.754 1.344 0.744 1.058 0.945
P (0.706-2.878)  (0.379-1.508) (0.95-5.736) (0.174-1.053) ~ (0.473-1.525)  (0.656-2.113) (0.49-1.667) (0.6-2.041) (0.692-2.541)  (0.393-1.444)  (0.782-2.312)  (0.433-1.279)  (0.609-1.838)  (0.544-1.643)
Junior 0.945 1.074 3.660 0.273 0.869 1.151 0.924 1.082 1.119 0.894 1.585 0.631 0.953 1.049
(0496-1.803)  (0.564-2.044)  (1.423-9.414)** (0.106-0.703) ** (0.489-1.544)  (0.648-2.045)  (0.504-1.694)  (0.590-1.982)  (0.607-2.060)  (0.485-1.646)  (0.933-2.693)  (0.371-1.071)  (0.556-1.635)  (0.612-1.798)
Cooking Method (Reference = Cooking by Themself)
Buying from 1.868 0.540 3.544 0.282 0.644 1.552 3.609 0.277 1.680 0.595 1.527 0.655 0.753 1.327
outside (0.758-4.606) (0.220-1.324)  (1.242-10.113) * (0.099-0.805) *  (0.255-1.632) (0.613-3.929) (1.578-8.253) ** (0.121-0.634) ** (0.696-4.060)  (0.246-1.438)  (0.667-3.497)  (0.286-1.499) (0.319-1.778) (0.562-3.134)
Cooking by
parents, 2.571 0.402 3.675 0.272 0.824 1.213 3.195 0.313 2.261 0.442 2.120 0.472 0.913 1.095
caregivers,  (0.909-7.271)  (0.144-1.126)  (1.034-13.064)* (0.077-0.967)* (0.297-2.287)  (0.437-3.366)  (1.268-8.053)* (0.124-0.789)* (0.812-6.296)  (0.159-1.232)  (0.855-5.261)  (0.190-1.170)  (0.355-2.351)  (0.425-2.821)
or maids
Quality of Life (Reference = Poor)
12.748 0.078 5914 0.169 5.410 0.185
. 1.075 0.938 2.871 0.348 3.440 0.291 1.462 0.684
Mild (0268-4312)  (0.235-3752) (320150779)  (002-0312) 5678 9389)  (0.107-1.139) (1045-21.260)  (0.047-0.608) ~ (1548-18905)  (0.053-0646) (057 13819) (0.072-1.168) (0.435-4.914)  (0.203-2.299)
Good 1303 0.774 2783 0.102 276 0.362 7.068 0.141 4.372 0229 3462 0.289 1421 0.704

(2.330-41.079)  (0.024-0.429) (1900-26.298)  (0.038-0526)  (1.215-15.733)  (0.064-0.823)
3% *3% % % * *

(0.309-5.486)  (0.185-3.235) (0.817-9.320)  (0.107-1.223) (0.843-14.225) (0.070-1.187)  (0.411-4.909)  (0.204-2.432)

*Sig. < 0.05,** Sig. < 0.01, and ** Sig. < 0.001.
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3.3. Reasons for Fruit and Vegetable Consumption

As indicated in Table 4, the percentage of students articulating their rationales for fruit
and vegetable consumption displayed a consistent trend in both the cohort of students who
incorporated them into their diet and those who abstained. Concerning fruit consumption,
a dominant majority of students, 85.4%, accorded high priority to taste as a significant
factor, whereas availability exhibited the least impact, acknowledged by only 42.4% of
respondents. Regarding vegetable intake, 80.7% ascribed importance to health benefits,
with availability registering the lowest impact at 23.3%.

Table 4. Reasons for fruit and vegetable consumption in undergraduate students.

Fruit Intake Vegetable Intake
Reason Total No Yes Total No Yes
(n =542) (n =46) (n=496)  (n=>540) n=9 (n =531)
Taste (%) 85.4 60.9 87.7 54.8 33.3 55.2
Healthy (%) 77.9 56.5 79.8 80.7 55.6 81.2
Availability (%) 424 21.7 444 23.3 11.1 23.5
Other reason (%) 2.8 13.0 1.8 5.7 11.1 5.6

3.4. Barriers to Fruit and Vegetable Consumption

The findings reveal that more than 50% of students exhibited insufficient fruit and
vegetable intake, attributed to their hectic daily schedules (50.1% for fruit and 56.9% for
vegetables). While approximately one-third of students perceived their fruit intake as
adequate, a notable factor contributing to insufficient vegetable consumption was vegetable
dislike, particularly among those reporting no intake of fruits and vegetables (30.4% for
fruits and 77.8% for vegetables).

Among students who consumed fruits and vegetables, the primary factors contributing
to inadequate fruit intake were a busy lifestyle (50.1%), already having sufficient intake
(32.5%), and forgetfulness (29.2%). In contrast, the main factor for insufficient vegetable
intake was a dislike of vegetables (34.6%). Additionally, about 1% of students reported
being unaware of the benefits of consuming both fruits and vegetables (Table 5).

Table 5. Barriers to inadequate fruit and vegetable consumption (less than 400 g/d) in undergraduate

students.
Fruit Intake Vegetable Intake
Barrier Total No Yes Total No Yes
(n =539) (n =46) (n =493) (n =541) n=9) (n =532)
Sufficient intake perceived (%) 30.8 13.0 325 24.6 11.1 24.8
Unlike (%) 11.7 304 9.9 35.3 77.8 34.6
Preparation time needed (%) 22.3 13.0 23.1 17.4 222 17.3
Forgot to eat (%) 28.2 174 29.2 259 11.1 26.1
Expensive cost (%) 27.6 21.7 28.2 15.3 0.0 15.6
Having a busy lifestyle (%) 50.1 50.0 50.1 56.9 11.1 57.7
Unknown benefits of FVs (%) 1.5 2.2 14 1.8 0.0 1.9
Other barriers (%) 0.7 0.0 0.8 0.9 0.0 0.9

4. Discussion

Increasing daily fruit and vegetable consumption can mitigate cardiovascular disease
risk factors and promote overall health [19,20]. However, limited research on young adults’
dietary habits regarding fruits and vegetables is limited. Our study aimed to understand
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the factors influencing fruit and vegetable consumption among undergraduate students.
Our findings revealed that over 90% of undergraduate students had insufficient fruit and
vegetable intake, consuming <3 servings of fruit and <4 servings of vegetables per day.
The deficiency in fruit and vegetable intake largely indicates that their busy lifestyles
are the primary obstacle, mainly due to the time commitments associated with attending
classes [21,22]. Furthermore, the perception of already having sufficient intake serves as a
significant barrier, leading to limited efforts to increase fruit and vegetable consumption
within this demographic group [23].

Additionally, we found that female students consumed more pome and edible peel of
assorted tropical and subtropical fruits compared to male students. These fruits are rich
in phytochemicals and have a lower glycemic index (GI), aligning with the health and
beauty consciousness often observed among women, who tend to favor lower-GI diets
and phytonutrient-rich foods [24]. Conversely, males tended to consume more higher-GI
fruits, prioritizing physique-related aspects and favoring diets rich in high-protein and
energy-dense foods [24,25].

Living independently is associated with a lower intake of pome fruits, berries, and
small fruits compared to students living with their parents. Living with family facilitates
access to healthy food choices and promotes fruit preferences, possibly due to the presence
of family members who can prepare a variety of fruits for students [26-28]. Conversely,
students living independently tend to have less favorable dietary habits and lower fruit
intake [29]. As previously reported, they frequently adopt unhealthy dietary patterns,
including increased consumption of fast and processed foods, typically low in fruits [30].

For vegetable intake, Brassicaceae vegetables, known for their preventive health effects,
contribute to lower blood pressure and enhanced cardiovascular well-being by increasing
nitrate content in the body [31,32]. Despite their availability in Asian countries [33], our ob-
servations show that students who cook their meals consume fewer Brassicaceae vegetables
compared to those whose meals are prepared by their families. Previous research aligns
with our findings, indicating that decreasing consumption of these vegetables correlates
with increased sensitivity to bitter tastes [34]. This discovery emphasizes the significance of
taste preference as a key factor influencing students” avoidance of vegetables. As a result,
students may choose not to include these vegetables in their homemade dishes.

Moreover, prior studies have highlighted a parallel pattern to our findings, indicating
that students in more advanced academic years exhibit reduced vegetable consumption,
notably reporting a higher proportion of abstaining from Brassicaceae vegetables compared
to those in earlier academic years [35]. Several barriers contribute to this pattern, including
limited access, convenience challenges, and time constraints, which are more prevalent
among students in higher academic years [36]. Additionally, academic advancement is often
associated with increased perceived stress due to lifestyle demands, particularly academic
workload [37]. Consistent with previous findings, higher academic levels are linked to
lower frequencies of consuming healthy foods such as vegetables [38,39]. Moreover, the
transition to a university environment can impact food sources, with a lack of healthy
meal options at university canteens identified as a significant barrier to low vegetable
consumption among students [21,40].

In addition to nutritional status, normal-weight or underweight students were signif-
icantly more likely to report no consumption of Lamiaceae and Physalacriaceae vegetables
compared to their obese counterparts. This may reflect their differing levels of health
consciousness, with obese students more inclined to include vegetables in their diets [41].
Meanwhile, self-esteem among young adults may play a role, as those with slimmer body
shapes may feel less pressure to modify their diets for weight loss, resulting in lower
motivation to consume nutritious foods [42,43]. Moreover, as shown in Supplementary
Table S3, purchasing patterns indicate that a substantial proportion of students within a
normal BMI range frequently purchase cooked vegetables.

Furthermore, we found a significant association between a decline in students’ qual-
ity of life (QOL) and reduced consumption of Brassicaceae, Lamiaceae, and Physalacriaceae
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vegetables. The transition after enrollment changes students’ behavior regarding greater re-
sponsibility for managing their lifestyles and acquiring knowledge to become professionals
in their fields [44,45]. This transition is often accompanied by elevated stress levels, ad-
versely affecting overall quality of life across various demographic groups [46,47]. External
factors, such as disease pandemics, can also impact eating attitudes and dietary behaviors,
leading to a preference for unhealthy diets and reduced vegetable intake [48-50].

To promote diverse fruit and vegetable consumption among university students,
strategies could focus on expanding the variety of less-consumed fruit and vegetables in
canteen menus [51,52]. Furthermore, establishing a health-conscious environment within
the university, potentially through integrating artificial intelligence to develop more effi-
cient nutritional tools, could boost fruit and vegetable consumption and foster healthier
dietary practices among university students [53]. Education on nutritional knowledge and
recommendations should start early in university life to enhance proper dietary attitudes
and behaviors among students [54].

This study acknowledges limitations. It exclusively involved Thai undergraduate
students from a capital university, limiting generalizability to students in other regions
of Thailand. Fruit and vegetable intake assessment relied on self-reports, focusing on
frequency and quantity. Incorporating dietary recall or food records could improve accuracy,
reducing overestimation or underestimation of intake.

In addition, Chulalongkorn University, where the study was conducted, allows stu-
dents from all regions in Thailand to be admitted. The difference in fruit and vegetable
intake may also depend on the basic eating behaviors and lifestyles of individuals from
various regions. Therefore, inquiring about the origin of the participants’ regions would
enable a more effective exploration of fruit and vegetable intake among the students.

The chosen list of fruits and vegetables may not fully represent all types consumed
by students. A more detailed list, coupled with an exploration of sociodemographic
factors linked to each variety, would offer a nuanced view of students’ dietary patterns.
Moreover, the illustrated portion sizes may not encompass all varieties, posing challenges
in accurate estimation and introducing potential bias. Including a broader range of fruits
and vegetables would enhance precision in portion size estimation in the study:.

Despite these limitations, the study has several strengths. The implementation of an
online questionnaire was cost-effective and facilitated efficient data collection. Categorizing
fruit and vegetable types into major categories prevalent in Thailand provides valuable
insights into the factors influencing a diverse range of fruit and vegetable consumption.
Consequently, this dataset stands as a valuable representation of dietary patterns related to
fruits and vegetables among undergraduate students.

5. Conclusions

The behaviors of young adults play a pivotal role in predicting their habits and health
status in adulthood. The prevalence of inadequate fruit and vegetable intake remains
notably high among university students and is positively linked to several contributing
factors. The findings in this study underscore that specific fruit and vegetable types are less
popular and less frequently consumed by undergraduate students, with varied associations
between sociodemographic factors and the intake of different varieties. It is crucial to note
that these factors may differ among students in various groups, such as those pursuing
different study disciplines and residing in different regions. Therefore, gaining insights into
the unique barriers and factors related to consumption within distinct study disciplines
and regions may contribute to an increase in fruit and vegetable consumption and the
promotion of healthier dietary behaviors among university students.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu16060779/s1, Figure S1: example of fruit portion size provided in the
questionnaire for estimating the amount of each fruit variety consumption; Figure S2: example of
vegetable portion size provided in the questionnaire for estimating the amount of each vegetable
variety consumption; Table S1: list of each fruit and vegetable variety; Table S2: fruit form purchased
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by undergraduate students; Table S3: vegetable form purchased by undergraduate students; Table S4:
association of sociodemographic characteristics of fruit intake; Table S5: association of sociodemo-
graphic characteristics of vegetable intake; Table S6: binary logistic regression of sociodemographic
characteristics associated with each type of fruit intake among undergraduate students; Table S7:
binary logistic regression of sociodemographic characteristics associated with each type of vegetable
intake among undergraduate students.
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