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Abstract

Pre-service biology teachers are expected to deliver nutrition education in schools, yet it remains
unclear whether the nutrition knowledge they acquire during their studies is reflected in their own
eating behaviour and nutritional status. This study aimed to examine the association of nutrition
knowledge with eating behaviour and nutritional status among university students and to explore
which eating behaviours are most closely related to knowledge. A cross-sectional study was
conducted among 87 third-semester biology education students at a public university in
Makassar, Indonesia. Nutrition knowledge was measured with a written test administered at the
end of a nutrition and health course, eating behaviour with a ten-item questionnaire based on the
Indonesian balanced nutrition guidelines, and nutritional status with body mass index. Data were
analysed using rank correlation and exact tests. Two thirds of the students had good nutrition
knowledge, yet the mean eating behaviour score was only 39.8 out of 100, none showed good
eating behaviour, 87.4% rated their own diet as unbalanced, and 46.0% were underweight.
Knowledge was associated neither with overall eating behaviour nor with body mass index. In
exploratory analysis, the proportion of students consuming sugar-sweetened beverages every
day fell from 83.3% among those with poor knowledge to 31.0% among those with good
knowledge. These findings indicate that knowing does not translate into doing, and that nutrition
courses for future teachers should move beyond conceptual mastery towards practice-based
learning, beginning with simple behaviours such as reducing sweetened drinks.

Keywords: nutrition knowledge, eating behaviour, sugar-sweetened beverages, nutritional status,
pre-service teachers.

INTRODUCTION

Indonesia faces a double burden of malnutrition among adults. The 2023
Indonesian Health Survey reported that 23.4% of adults aged over 18 years were obese
and 14.4% were overweight, up from 21.8% and 13.6%, respectively, in 2018(Badan
Kebijakan Pembangunan Kesehatan, 2023). The same survey found that 47.5% of the
population consumed sweetened beverages at least once a day, whereas the World
Health Organization recommends limiting free sugars to less than 10% of total energy
intake (World Health Organization, 2015). Sugar-sweetened beverages are a well-
established contributor to weight gain and cardiometabolic disease, and the global
prevalence of overweight and obesity continues to rise (GBD 2021 Adult BMI
Collaborators, 2025; Malik et al., 2013; Malik & Hu, 2022; World Health Organization,
2021).
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University life is a vulnerable transition period for dietary habits. Students typically
begin living away from their families, manage their own finances, and face demanding
academic schedules. A meta-analysis showed that 60.9% of first-year students gain
weight, with a pooled mean gain of 1.36 kg, and a prospective study found that intake of
most food groups declined during the transition from secondary school to higher
education (Deforche et al., 2015; Vadeboncoeur et al., 2015). Students’ food choices are
shaped by limited time, cost, food availability on campus, peers, and stress (Deliens et
al., 2014; Hilger-Kolb & Diehl, 2019; Kabir et al., 2018; Sogari et al., 2018), and taste
and dietary identity often outweigh health considerations (Aboueldahab et al., 2026).
Both ends of the malnutrition spectrum are present among university students:
underweight affected 17.6% of female and 10.8% of male students across 22
countries(Peltzer et al., 2014), while 34.7% of first-year health sciences students in
Indonesia had excess body weight (Vidiawati et al., 2025).

The knowledge—attitude—behaviour model positions nutrition knowledge as the
foundation of healthy eating (Contento, 2016). Some studies support this view: nutrition
knowledge was associated with healthier food intake in British adults (Wardle et al.,
2000), and higher knowledge was linked to lower saturated fat and cholesterol intake
among college students (Yahia et al., 2016). Other evidence, however, reveals a wide
gap between knowing and doing. A systematic review of 29 studies found that
associations between nutrition knowledge and dietary intake were mostly positive but
weak (r < 0.5) (Spronk et al., 2014), and only about 40% of Italian adults showed
concordance between their knowledge and eating habits (Scalvedi et al., 2021).
Knowledge is therefore necessary but not sufficient to change eating behaviour
(Worsley, 2002). The behaviour change wheel framework explains this gap by positing
that behaviour requires capability, opportunity, and motivation, of which knowledge is
only one component of capability (Michie et al., 2011).

Findings among students in Indonesia and elsewhere are similarly mixed. Nutrition
knowledge was not associated with nutritional status among biology students in Manado
(Adimin et al., 2022), physical education students in Sumenep (Kusuma et al., 2025), or
university students in Lahore (Aslam et al., 2023), whereas a positive association was
reported among working students of an open university (Marhamah et al., 2023). For
sugar-sweetened beverages specifically, no association between knowledge and
consumption was found among British university students or between knowledge and
nutritional status among Indonesian adolescents (A’la et al., 2025; Warner & Ha, 2017).
In contrast, low nutrition knowledge was associated with high consumption among
Indonesians aged 19-22 years (Ahmad & Maulida, 2025), and excessive consumption
was considerably more common among school and university students with poor
knowledge in Semarang (Handayani et al., 2026).

This study addresses two gaps. First, most previous studies measured knowledge
with brief, one-off questionnaires. The present study used a standardised nutrition
knowledge test administered after students had completed a full semester of nutrition
coursework, which better reflects their actual mastery of the subject. Second, the
participants were pre-service biology teachers, a group of particular interest because
they will later be responsible for teaching nutrition in schools. Evidence from pre-service
health and physical education teachers suggests that inaccuracies in nutrition knowledge
can persist until graduation (Werkhoven et al., 2014), but little is known about whether
pre-service teachers apply what they learn to their own diets. This study therefore aimed
to examine the association of nutrition knowledge with eating behaviour and nutritional
status among university students, and to explore which components of eating behaviour
are most closely related to knowledge.
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METHODS

Study design and participants. This cross-sectional study involved third-
semester students of the Biology Education Study Program at Universitas Negeri
Makassar (N = 118). All students were invited to complete an online questionnaire
between 22 and 28 October 2025, and 88 students participated (response rate 74.6%).
One respondent was excluded for not taking the knowledge test, leaving an analytical
sample of 87 students. With n = 87, the study had 81% power to detect a moderate
correlation (p = 0.30) at a = 0.05.

Nutrition knowledge. Nutrition knowledge was measured using a written test
administered at the end of the Nutrition and Health course. The test covered all nutrition
topics taught during the semester and was scored by the course lecturer on a 0-100
scale. Because the test was completed as part of the regular course assessment rather
than for research purposes, it provides a more objective measure of knowledge than self-
administered knowledge questionnaires and is not influenced by respondents’ wish to
give socially desirable answers. Scores were obtained from the official grade records
and classified as good (= 76), fair (66—75), or poor (< 56) (Arikunto, 2013).

Eating behaviour. Eating behaviour was assessed using a ten-item questionnaire
developed from the Indonesian Balanced Nutrition Guidelines and the Isi Piringku (My
Plate) guideline (Kementerian Kesehatan Republik Indonesia, 2014). The items covered
the frequency of consuming vegetables, fruit, protein-rich side dishes, carbohydrates,
milk and dairy products, fast food, and sugar-sweetened beverages; the habits of limiting
fat and salt; and a self-assessment of dietary balance. Each item was scored from 0 to
3, with fast food and sugar-sweetened beverage items reverse-scored so that higher
scores consistently indicated healthier behaviour. The total score (0—30) was converted
to a 0-100 scale and classified using the same cut-offs as knowledge. Internal
consistency was Cronbach’s a = 0.59. Alpha depends on the number of items and the
homogeneity of the construct, and is expected to be lower for short scales covering
heterogeneous behaviours (Tavakol & Dennick, 2011); the conventional threshold of
0.70 is not an absolute criterion of acceptability (Taber, 2018).

Nutritional status. Nutritional status was determined by body mass index (BMI),
calculated from self-reported body weight and height provided in the questionnaire. BMI
was classified as underweight (< 18.5 kg/m?), normal (18.5-25.0 kg/m?), or overweight
(> 25.0 kg/m?) according to the Indonesian Ministry of Health criteria (Kementerian
Kesehatan Republik Indonesia, 2014).

Statistical analysis. Categorical variables were presented as frequencies and
percentages, and continuous variables as mean, standard deviation (SD), minimum, and
maximum. BMI and knowledge scores were not normally distributed (Shapiro—Wilk, p <
0.001), whereas the eating behaviour score was (p = 0.322). Because each pair of
variables included at least one non-normally distributed variable, non-parametric tests
were used. Correlations were assessed with Spearman’s rank correlation, with 95%
confidence intervals (Cl) estimated by bootstrapping (5,000 replicates). Differences in
scores across nutritional status categories were tested with the Kruskal-Wallis test.
Associations between categorical variables were tested with the Fisher—Freeman—
Halton exact test (Monte Carlo, 100,000 samples), as some cells had expected
frequencies below five. In exploratory analysis, the knowledge score was correlated with
each eating behaviour item; items showing an association were further analysed with the
Cochran—Armitage trend test and Fisher’s exact test. Because the exploratory analysis
involved ten tests, its results were interpreted as preliminary. Sensitivity analyses used
the mid-semester test score (available for 75 students) and excluded respondents with
poor knowledge. Statistical significance was set at p < 0.05.
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RESULTS AND DISCUSSION

Characteristics of Respondents

Two thirds of the students had good nutrition knowledge, yet most did not meet
dietary recommendations and almost half were underweight (Table 1). Eating behaviour
scores ranged from 13.3 to 70.0, and no respondent reached the threshold of 76,
meaning that none of the students had eating behaviour classified as good (Table 2).

Table 1. Frequency Distribution of Respondent Characteristics (n = 87)

Variable Category n %
Nutritional status (BMI) Underweight 40 46.0
Normal 42 48.3

Overweight 5 5.7

Nutrition knowledge Poor 6 6.9
Fair 23 26.4
Good 58 66.7
Eating behaviour Poor 79 90.8
Fair 8 9.2

Good 0 0.0
Daily suge_lr—sweetened beverage Yes 35 402

consumption

No 52 59.8

Source: Primary data, 2025.

Table 2. Descriptive Statistics of Study Variables (n = 87)

Variable N Minimum Maximum Mean SD

Body weight (kg) 87 36.00 90.20 47.35 9.02
Height (cm) 87 130.00 170.00 154.37 6.17
BMI (kg/m?) 87 15.06 36.13 19.88 3.69
Nutrition knowledge score 87 28.00 90.00 75.10 10.99
Eating behaviour score 87 13.33 70.00 39.81 12.43

Note: SD = standard deviation. Knowledge and eating behaviour scores range from 0 to 100.
Source: Primary data, 2025.

Eating Behaviour Profile

Only 3 students (3.4%) ate vegetables three or more times a day, and almost one
third never ate fruit (Table 3). More than half consumed fast food at least three times a
week, and four in ten drank sugar-sweetened beverages every day. The students were
aware of this situation: 87.4% rated their diet as unbalanced or not entirely balanced,
and the proportion was almost identical among those with good knowledge (86.2%; 50
of 58).

Table 3. Distribution of Eating Behaviour Items (n = 87)

Behaviour Category n %
Vegetable consumption < 2 times/day 84 96.6
Never 12 13.8
Fruit consumption <1 time/day 72 82.8
Never 27 31.0
Healthy protein side dishes Every day 34 39.1
Balanced carbohydrate portions Regularly at every meal 31 35.6
Milk, yoghurt, or cheese Never 20 23.0
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Behaviour Category n %
Fast food = 3 times/week 49 56.3
Sugar-sweetened beverages Every day 35 40.2

= 2 times/day 11 12.6
Limiting high-fat foods Often or always 12 13.8
Attention to salt use Never 25 28.7
Self-rated balanced diet Balanced or fairly balanced 11 12.6

Source: Primary data, 2025.

Association of Nutrition Knowledge with Eating Behaviour and Nutritional Status

Nutrition knowledge was not associated with eating behaviour (Table 4) or with
nutritional status (Table 5), and eating behaviour was not associated with nutritional
status (Table 6). Even among students with good knowledge, 43.1% were underweight.

Table 4. Association between Nutrition Knowledge and Eating Behaviour
Poor behaviour Fair behaviour n

Nutrition knowledge n (%) (%) Total n (%) p-value
Poor 5(83.3) 1(16.7) 6 (100.0) 0.4482
Fair 22 (95.7) 1(4.3) 23 (100.0)
Good 52 (89.7) 6 (10.3) 58 (100.0)
Total 79 (90.8) 8(9.2) 87 (100.0)

Note: a Fisher—Freeman—Halton exact test. No respondent had good eating behaviour.
Source: Primary data, 2025.

Table 5. Association between Nutrition Knowledge and Nutritional Status
Nutrition Underweight Normal n Overweight

knowledge n (%) (%) n (%) Total n (%) p-value
Poor 4 (66.7) 2(33.3) 0(0.0) 6 (100.0) 0.768
Fair 11(47.8) 10 (43.5) 2(8.7) 23 (100.0)
Good 25(43.1) 30 (51.7) 3(5.2) 58 (100.0)
Total 40 (46.0) 42 (48.3) 5 (5.7) 87 (100.0)

Note: a2 Fisher—Freeman—Halton exact test.
Source: Primary data, 2025.

Table 6. Association between Eating Behaviour and Nutritional Status
Underweight Normal n Overweight

Eating behaviour Total n (%) p-value

n (%) (%) n (%)
Poor 37 (46.8) 37 (46.8) 5 (6.3) 79 (100.0) 0.824a
Fair 3 (37.5) 5 (62.5) 0 (0.0) 8 (100.0)
Total 40 (46.0) 42 (48.3) 5 (5.7) 87 (100.0)

Note: 2 Fisher—Freeman—Halton exact test.
Source: Primary data, 2025.

The correlation analysis confirmed these results (Table 7). The upper bound of the
confidence interval for the correlation between knowledge and eating behaviour was
0.330, indicating that the data do not support an association stronger than moderate.
Eating behaviour scores increased slightly from the poor knowledge group (33.9 + 16.7)
to the fair (38.0 + 12.2) and good (41.1 £ 12.0) groups, but the difference was not
significant (Kruskal-Wallis, p = 0.370). Knowledge scores did not differ between
underweight (median 78.0), normal (77.0), and overweight (82.0) students (p = 0.842),
nor did eating behaviour scores differ across nutritional status categories (p = 0.827).
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Table 7. Spearman Correlation between Nutrition Knowledge, Eating Behaviour, and
BMI (n = 87)

Variables n r 95% CI p-value
Nutrition knowledge — eating 87 0117  -0.109 to 0.330 0.280
behaviour

Nutrition knowledge — BMI 87 0.033 -0.190 to 0.252 0.761
Eating behaviour — BMI 87 -0.100 -0.298 t0 0.105 0.354

Note: r = Spearman’s rank correlation coefficient; Cl = confidence interval (bootstrap, 5,000 replicates).
Source: Primary data, 2025.

These findings reveal a clear paradox among pre-service biology teachers: they
know, but they do not yet act on what they know. The results are consistent with the
systematic review by Spronk et al. (2014), in which associations between nutrition
knowledge and dietary intake were generally weak. The correlation observed here (p =
0.117) falls within that range and is in the expected positive direction. With 81% power
to detect a moderate correlation and an upper confidence bound of 0.330, any true
association is likely to be small and insufficient to explain students’ eating behaviour. The
findings also mirror those among biology students in Manado and students in Sumenep,
but differ from the positive association reported among working students, which may
reflect differences in age, living arrangements, and income (Adimin et al., 2022; Kusuma
et al., 2025; Marhamah et al., 2023).

Three explanations are plausible. First, knowledge is necessary but not sufficient
(Contento, 2016; Worsley, 2002). Within the behaviour change wheel, knowledge
strengthens psychological capability but does not provide the physical opportunity or the
motivation required for behaviour change (Michie et al., 2011). Students’ eating
behaviour is determined largely by time, price, food availability around campus, peers,
and academic stress and the food environment exerts a strong influence beyond
individual knowledge (Deliens et al., 2014; Hilger-Kolb & Diehl, 2019; Kabir et al., 2018;
Sogari et al., 2018; Story et al., 2008). Second, a knowledge test measures conceptual
understanding rather than practical skills such as planning meals on a limited budget or
choosing food in the campus canteen identified cooking ability as a key determinant of
students’ diets (Kabir et al., 2018). Third, the students themselves recognise the gap:
86.2% of those with good knowledge rated their diet as unbalanced. The problem,
therefore, is not a lack of knowledge but difficulty in applying what is already known.

Exploratory Analysis: Sugar-Sweetened Beverages

Of the ten eating behaviour items, only sugar-sweetened beverage consumption
was associated with the knowledge score (p = 0.245; 95% CI 0.038-0.436; p = 0.022):
the higher the knowledge score, the less frequently students consumed sugar-
sweetened beverages. The proportion of students consuming them daily fell from 83.3%
in the poor knowledge group to 31.0% in the good knowledge group (Table 8). Students
with good knowledge had 68% lower odds of daily consumption than other students (OR
=0.32; 95% CI1 0.11-0.88; Fisher’s exact test, p = 0.020), and the mean knowledge score
decreased from students who rarely consumed sugar-sweetened beverages (79.3) to
those who consumed them at least twice a day (67.7).

Table 8. Daily Sugar-Sweetened Beverage Consumption by Level of Nutrition

Knowledge
Nutrition knowledge Daily n (%) Not daily n (%) Total n (%) p-value
Poor 5(83.3) 1(16.7) 6 (100.0) 0.0192
Fair 12 (52.2) 11 (47.8) 23 (100.0)
Good 18 (31.0) 40 (69.0) 58 (100.0)
Total 35 (40.2) 52 (59.8) 87 (100.0)
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Note: 2 Fisher—Freeman—Halton exact test. Cochran—Armitage trend test: z = -2.815; p = 0.005.
Source: Primary data, 2025.

This pattern closely mirrors the findings of Handayani et al. (2026) in Semarang,
where excessive consumption was 74.8% among those with poor knowledge and 27.8%
among those with good knowledge, and is consistent with the association between low
knowledge and high consumption among Indonesians aged 19-22 years (Ahmad &
Maulida, 2025). Why should sugar-sweetened beverages differ from other behaviours?
One possibility is that reducing sweetened drinks is a simple and immediate decision,
such as choosing water instead of sweet tea. Unlike eating vegetables and fruit, this
decision requires no cooking time, additional cost, or access to particular foods, which
are the main barriers to healthy eating among students (Deliens et al., 2014; Sogari et
al., 2018). Messages about the harms of sugar are also concrete and well publicised
(Malik & Hu, 2022; World Health Organization, 2015).

Nevertheless, this finding is exploratory. The association was no longer significant
after excluding the six students with poor knowledge (p = 0.145; p = 0.196), and it was
not observed when knowledge was measured using the mid-semester test score (p =
0.078; p = 0.504; n = 75). Daily sugar-sweetened beverage consumption was also not
associated with nutritional status (p = 0.608). Studies among British university students
and Indonesian adolescents likewise found no association between knowledge and
consumption or nutritional status (A’la et al., 2025; Warner & Ha, 2017). The finding
should therefore be regarded as a hypothesis to be tested in larger samples.

Hidden Undernutrition

The proportion of underweight students (46.0%) far exceeded that of overweight
students (5.7%). This pattern contrasts with the national trend, which is dominated by
overnutrition (Badan Kebijakan Pembangunan Kesehatan, 2023), and with the 34.7%
prevalence of excess body weight among first-year health sciences students in Indonesia
(Vidiawati et al., 2025). It is also considerably higher than the underweight prevalence
reported among university students across 22 countries (Peltzer et al., 2014). The eating
behaviours recorded here, such as infrequent consumption of fruit, dairy, and protein-
rich foods, are consistent with inadequate intake and with the decline in food group intake
observed during the transition to higher education (Deforche et al.,, 2015). However,
eating behaviour was not statistically associated with BMI, suggesting that other factors,
such as physical activity, sleep patterns, and economic conditions, may play a role.

Limitations

The cross-sectional design precludes causal inference. The eating behaviour
questionnaire had moderate internal consistency and has not been validated against
quantitative intake methods such as 24-hour dietary recall. Body weight and height were
self-reported, which tends to underestimate weight and BMI (Connor Gorber et al., 2007).
The sample was drawn from a single study programme, with few students in the poor
knowledge (n = 6) and overweight (n = 5) groups. In addition, physical activity, economic
conditions, and sex were not recorded.

CONCLUSION
The conclusion is the final part of a scientific paper obtained from the essence of
the study's findings and discussion (analysis). The conclusion doesn't mean rewriting the
finding and discussion chapter or summarizing, but rather delivering brief answers to the
objectives or research questions previously asked. We need to write a conclusion in
77

Barkah Publishing


https://journal.barkahpublishing.com/index.php/sp

SciencePlus ISSN. 3090-3564
Vol. 2 Nomor 2 Oktober 2026 https://journal.barkahpublishing.com/index.php/sp

complete, clear, and concise sentences. The specific conclusion comes from the finding
and discussion analysis, while the general conclusion comes from generalization or
correlation with similar phenomena in other studies as referred to in previous
publications. In this case, research problems, research objectives, and research findings
all must be considered to check and recheck when writing a conclusion.

In addition, suggestions are needed in academic recommendations, along with a
feasible follow-up or policy implications for the findings obtained. The recommendations
should be written in brief and concise sentences.
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