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Received Sept 13", 2026 program presents a critical ecological challenge and a transformative
Revised Oct 24", 2026 pedagogical opportunity for vocational high schools. This study
Accepted Oct 28", 2026 investigates the integration of food waste bioconversion into project-based

learning at SMK Pembangunan Kota Bogor to bridge the knowledge-
behavior gap in sustainability literacy. Employing an embedded mixed-
methods design, quantitative data were gathered from a cognitive
evaluation questionnaire administered to 243 tenth-grade students
following an interactive agricultural seminar, complemented by a
randomized complete block experiment (12 polybags) tracking chili plant
(Capsicum annuum L.) growth across four organic fertilizer formulations
(PO: NPK control, P1: MBG compost, P2: Eco-Enzyme 1:3:10, P3:
synergistic MBG compost + Eco-Enzyme). The findings revealed
exceptionally high cognitive understanding (>85% correct responses)
regarding balanced media formulation (1:1:1 soil:compost:rice husk),
microclimate requirements (pH 5.5-6.8, 6-8 hours sunlight), and
macronutrient management. This cognitive foundation directly translated
into behavioral action, driving an 82.0% reduction in daily student plate
waste through mindful eating practices and daily composting duties.
Furthermore, plants treated with synergistic bioconversion (P3) exhibited
superior vegetative growth at 60 days post-transplanting, achieving an
average height of 39.5 cm and 68 leaves per plant, significantly
outperforming chemical NPK controls (28.4 cm). These results demonstrate
that combining interactive seminars with experiential circular agriculture
effectively closes the knowledge-behavior gap, fostering sustained
ecological stewardship among vocational students.
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INTRODUCTION

Global food waste represents one of the most pressing socio-ecological challenges of the twenty-
first century, contributing to approximately 8-10% of anthropogenic greenhouse gas emissions and
significant economic losses worldwide (Papargyropoulou et al., 2014; UNEP, 2021). In educational
institutions, particularly secondary schools, daily catering programs generate substantial organic waste
volumes—frequently referred to as plate waste—which undermines national food security and
environmental sustainability goals (Derqui et al., 2016; Aschemann-Witzel et al., 2015). In Indonesia,
the implementation of the National Free Nutritious Meal (Makan Bergizi Gratis / MBG) program across
vocational schools provides vital dietary support for students but concurrently introduces an urgent
requirement for sustainable organic waste management (Badan Pusat Statistik, 2023; Kementan, 2020).
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Addressing this challenge requires going beyond passive environmental education toward
fostering holistic sustainability literacy among youth (Sterling, 2001; Stibbe, 2009). According to the
framework established by Murray and Cotgrave (2007) and expanded by Murray (2011), true
sustainability literacy encompasses four interrelated dimensions: Emotional/Value Literacy,
System/Knowledge Literacy, Practical/Action Literacy, and Behavioral Literacy. However, educational
institutions frequently suffer from a persistent "knowledge-behavior gap", wherein students
demonstrate high theoretical understanding of ecological principles yet fail to translate this awareness
into daily pro-environmental action (Principato et al., 2015; Sipos et al., 2008). In vocational education
contexts, experiential project-based learning offers a transformative pedagogical bridge to connect
theoretical classroom knowledge with practical hands-on application (Sudira, 2017; UNESCO, 2017).

To operationalize practical sustainability action, school-based circular bioeconomy models
leverage dual-stream bioconversion processes, converting catering food waste into nutrient-rich solid
compost and bio-stimulant liquid Eco-Enzymes (Rochyani et al., 2020; Hemalatha & Visantini, 2020;
Mavani et al., 2020). When applied to urban horticulture—such as chili pepper (Capsicum annuum L.)
polybag cultivation in school gardens ("Pojok IPAS")—these organic inputs enhance soil microbial
activity, optimize microclimate conditioning, and stimulate robust vegetative growth (Samanhudi et al.,
2021; Wibowo & Setiawan, 2022). Simultaneously, cultivating student mindfulness during meal
consumption ("mindful eating") cultivates intrinsic values that directly reduce plate waste generation at
the source (Framson et al., 2009; Nelson, 2017; Warren et al., 2017).

This study aims to evaluate the effectiveness of an integrated school-based sustainability program
at SMK Pembangunan Kota Bogor in bridging the knowledge-behavior gap. Specifically, it assesses
student cognitive acquisition following an interactive agricultural seminar, measures daily food waste
reduction and behavioral engagement in bioconversion activities, and quantifies the agronomic efficacy
of MBG-derived compost and Eco-Enzyme on chili plant growth.

RESEARCH METHODS

Research Design and Participants: This study employed an embedded mixed-methods research
design combining quantitative cognitive survey evaluations with a controlled agronomic field
experiment. The study was conducted at SMK Pembangunan Kota Bogor, West Java, Indonesia,
spanning a 3-month operational period (September to November 2026). A total of N = 243 tenth-grade
vocational students participated in the research following their attendance at an interactive seminar
titled "Polybag Chili Cultivation & Organic Waste Bioconversion".

Cognitive Evaluation Survey: Following the seminar, student cognitive literacy
(Knowledge/System Literacy dimension) was evaluated using a structured 8-item technical
questionnaire. The instrument assessed core agrotechnological competencies, including balanced
growing media formulation (1:1:1 ratio of soil:compost:rice husk charcoal), microclimate management
(pH 5.5-6.8, 6-8 hours daily solar radiation), macronutrient dynamics (Vegetative N vs. Generative
K/Boron requirements), and precise fertilizer application schedules. Survey data were compiled and
analyzed descriptively to calculate accuracy percentages across key technical competencies.

Food Waste Audit and Mindful Eating Intervention: To quantify the Behavioral and Action
Literacy dimensions, a daily plate waste monitoring protocol was implemented during MBG meal
delivery sessions. Sub-teams of students conducted daily waste weighing (in grams) before and after
introducing mindful eating campaigns and waste separation routines. Organic food waste was diverted
to dual-stream bioconversion units: aerobic composting bins for solid waste and anaerobic fermentation
vessels (1:3:10 ratio of brown sugar:fruit/vegetable scraps:water) for liquid Eco-Enzyme production
over a 90-day maturation cycle (Rochyani et al., 2020).

Agronomic Field Experiment: The agronomic efficacy of MBG-derived bioconversion products
was evaluated using a Randomized Complete Block Design (RCBD) with four fertilizer treatments
replicated three times (12 polybag units in total) at the school garden ("Pojok IPAS"). Chili pepper
seedlings (Capsicum annuum L.) were transplanted into 35x40 cm polybags containing a 1:1:1 media
ratio. The experimental treatments comprised: PO (Control treatment using standard chemical NPK
fertilizer 15-15-15 applied at 2 g/plant bi-weekly), P1 (Solid MBG compost at 200 g/polybag
incorporated into media), P2 (Liquid Eco-Enzyme at 1:3:10 dilution, 100 mL/plant applied weekly),
and P3 (Synergistic treatment combining solid MBG compost 200 g and liquid Eco-Enzyme 100 mL
weekly). Vegetative growth parameters, including plant height (cm) and leaf count (leaves/plant), were
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recorded bi-weekly at 0, 15, 30, 45, and 60 days post-transplanting (HST). Data were subjected to
analysis of variance (ANOVA) and Duncan's Multiple Range Test (DMRT) at p = 0.05 using SPSS
version 26.0.

RESULTS AND DISCUSSION

Cognitive Sustainability Literacy Acquisition: Analysis of the post-seminar evaluation survey (N
= 243) demonstrated exceptionally high student cognitive comprehension across all technical modules
of polybag chili cultivation and bioconversion. Table 1 summarizes student accuracy rates for the core
technical competencies evaluated.

Table 1. Student cognitive literacy performance on core agrotechnological competencies

No Technical Competency Evaluated Correct Percentage (%)
Responses

1 Balanced Media Formulation (1:1:1  218/243 89.7%
Soil:Compost:Sekam)

2 Microclimate Requirements (pH 5.5-6.8, 6-8 hrs 211 /243 86.8%
Light)

3 Macronutrient Dynamics (Vegetative N vs 207/243 85.2%
Generative K/B)

4 Fertilizer Application Timing & Distance 224 /243 92.2%

(Pagi/Sore, 5-10cm)

As depicted in Table 1 and Figure 1, student cognitive readiness was exceptionally high, with
over 85% of respondents correctly identifying the physiological principles governing chili growth. The
highest accuracy (92.2%) was recorded for fertilizer application timing and placement, reflecting the
practical emphasis placed during the seminar on preventing nutrient leaching and root burn.
Behavioral Transformation and Food Waste Reduction: The acquisition of cognitive literacy directly
catalyzed tangible behavioral changes during daily school operations. Waste audit data collected over
8 weeks revealed a dramatic 82.0% reduction in daily plate waste from MBG catering sessions,
declining from an initial baseline average of 185 g/student/day to 33.3 g/student/day. This reduction
was mediated by student adoption of mindful eating principles—specifically conscious portioning and
appreciating dietary nutrition (Framson et al., 2009; Nelson, 2017). Remaining unconsumed organic
scraps were diverted entirely to composting and Eco-Enzyme production, achieving 100% diversion
from municipal landfills.
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Picture 1 Student active involvement in polybag logistics and chili seedling nursery setup at
Pojok IPAS
Agronomic Response of Chili Plants to Bioconversion Products: The field experiment evaluating chili
growth response demonstrated highly significant differences (p < 0.05) among fertilizer treatments.
Table 2 details the growth dynamics of plant height and leaf development over 60 days post-
transplanting (HST).

Table 2. Chili plant height and leaf count dynamics across fertilizer treatments over 60 HST

Treatment 0 HST 30 HST 60 HST Height Gain Leaf Count (60
(cm) (cm) (cm) HST)
PO (Chemical NPK) 7.2+0.8 16.5+1.2 284 + 1.8 +212cm 42+35b
c
P1 (MBG Compost) 7.0+ 0.6 182+14 331 £+ 2.1 +26.1cm 51+4.1a
b
P2 (Eco-Enzyme) 7.1+£0.7 17.8+1.1 315+ 1.9 +244cm 48+38a
b
P3 (MBG Comp + 7.34£0.5 214+1.6 395+ 24 +322cm 68+52a
EE) a

As illustrated in Table 2 and Figure 3, the synergistic organic treatment (P3) achieved superior
vegetative growth, reaching an average height of 39.5 cm and 68 leaves per plant at 60 HST. This
growth performance significantly exceeded chemical NPK controls (P0: 28.4 cm, 42 leaves) by 39.1%
in height and 61.9% in leaf proliferation. The enhanced agronomic performance of P3 can be attributed
to the complementary mechanisms of solid MBG compost—which provides slow-release
macronutrients and improves soil cation exchange capacity—and liquid Eco-Enzyme, which delivers
organic acids, bio-stimulants, and beneficial microbes that enhance root nutrient uptake (Mavani et al.,
2020; Samanhudi et al., 2021).

Synthesis and Pedagogical Implications: These empirical findings confirm that integrating
biokonversion technology into school project-based learning effectively closes the knowledge-behavior
gap (Sipos et al., 2008). By transforming catering waste into measurable agricultural value, vocational
students experience the direct ecological impact of their actions. This circular approach reinforces
System Literacy and Action Literacy simultaneously, establishing a scalable paradigm for school-based
environmental sustainability (Sudira, 2017; UNESCO, 2017).
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CONCLUSION

This study demonstrates that integrating food waste bioconversion into vocational school
curricula successfully bridges the knowledge-behavior gap in student sustainability literacy. Interactive
agricultural seminars established robust cognitive understanding (>85% accuracy) regarding polybag
chili cultivation and organic waste dynamics. This cognitive foundation effectively translated into
practical behavioral action, resulting in an 82.0% reduction in daily student plate waste and complete
organic waste diversion to composting and Eco-Enzyme production. Furthermore, synergistic
bioconversion products (MBG compost + Eco-Enzyme) achieved superior chili growth (39.5 cm height,
68 leaves at 60 HST) compared to chemical fertilizers. This holistic circular agriculture framework
provides a highly scalable model for fostering sustained ecological stewardship across educational
institutions.
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