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Abstract

Nutrition plays a vital role in early childhood development. However, rural child development
centers struggle with inconsistent meal quality due to fragmented food service systems and limited
nutritional expertise in developing standardized meal menus. This study aimed to develop and evaluate
the Central Kitchen Model (CKM) to enhance the nutritional quality of meals in child development
centers (CDCs). Using a Participatory Action Research (PAR) approach, the study employed a three-
phase approach: (1) baseline assessment of current practices and nutritional status, (2) collaborative
model development through stakeholder workshops that engaged 3 5 participants, including teachers,
cooks, and parents, across nine CDCs in Ubon Ratchathani Province, and (3) implementation and
evaluation over a 12- week period. The implementation involved standardizing meal preparation
protocols, conducting nutrition education workshops for staff and parents, and promoting locally sourced
ingredient integration. Nutritional outcomes were evaluated using the INMUCAL Program Version 3.0,
anthropometric measurements, and behavioral assessments. Post- intervention analysis revealed
significant improvements in meal nutritional value, with average energy content increasing from 349.42
to 414.34 kcal and protein levels rising from 14.00 to 16.96 g. Children’s vegetable recognition scores
improved from 1.70 to 2. 65, and their ability to identify vegetable- based dishes increased from 1.80
to 3.55. Children’ s height measurements showed significant improvement, indicating positive growth
outcomes. The model fostered community engagement through participatory menu planning and local
ingredient sourcing, demonstrating CKM's potential to address childhood malnutrition through sustainable
food security and nutrition practices. This framework offers a scalable approach for enhancing child

health outcomes and empowering communities to achieve long-term nutritional stability.
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INTRODUCTION

Early childhood is a critical stage for physical and cognitive development, and adequate nutrition
plays a vital role in shaping long-term health outcomes.' In Thailand, however, the dual burden of
malnutrition—manifested as both undernutrition and increasing childhood obesity—remains a persistent
public health challenge.” According to national statistics’, 10.5% of children under five are stunted,
reflecting chronic undernutrition, while poor dietary habits and high consumption of processed foods
contribute to rising obesity rates. This nutritional crisis is no longer confined to affluent urban areas but
increasingly affects rural populations,® highlighting the urgent need for systematic intervention
approaches.

Ubon Ratchathani Province, located in northeastern Thailand with over 1.8 million residents,
exemplifies Thailand’'s complex nutrition challenges. Provincial health data from 2022 reveals that 6.3%
of preschool children are underweight, 9.5% are stunted, and 10.58% are overweight or obese.’ Within
the province, Khueang Nai District faces particularly high prevalence of child stunting (17%) and obesity
(11.2%).° Many of these rural children rely on child development centers (CDCs) for daily nutrition
support, making meal quality in these facilities critical for addressing malnutrition.

Child development centers are ideal environments for fostering healthy habits in young children
and therefore play a crucial role in addressing nutritional challenges, as interventions delivered in early
childhood education and care settings have been shown to improve diet quality and reduce the risk of
overweight and obesity.” ® However, preliminary analysis by the research team revealed that despite
existing guidelines and standards for lunch service provision in child development centers, implementation
remains inconsistent and often fails to meet nutritional requirements in rural settings.’ This implementation
gap is particularly evident in Ko Ae sub-district (Khueang Nai district), where despite having nine child
development centers under coordinated sub-district administration organization oversight, actual
compliance and quality monitoring remain inadequate, reflecting broader systemic challenges that require
innovative intervention approaches.

Previous intervention efforts in Ubon Ratchathani have demonstrated both the potential and
limitations of traditional approaches to improving child nutrition services. A comprehensive community -
based study in Patum sub-district revealed that preschool children faced nutritional problems, including
weight exceeding standards (10.45%), below standard weight (4.54%), and combined weight and
height deficiencies (15%)."° This study, involving 70 stakeholders from local government organizations,
healthcare professionals, teachers, and community representatives, identified critical gaps in nutrition
management including limited support from both official and unofficial entities, minimal information and
budget coordination between organizations, and low personnel competency in children’s nutrition.
Another intervention in Rai Noi sub-district targeting teachers and caregivers improved meal planning

awareness but failed to establish standardized food service protocols or structural reforms within meal
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delivery systems.'' These findings, combined with the persistent implementation gaps observed across
Khueang Nai district’'s child development centers, underscore the need for more comprehensive,
participatory systems-based solutions developed through co-design processes with community
stakeholders to ensure local ownership and sustainability.

To address these systemic challenges, this study developed and implemented a comprehensive
central kitchen model using participatory action research methodology. The research was conducted in
Khueang Nai District’s nine child development centers, leveraging their clustered administrative structure
to systematically test the Central Kitchen Model (CKM) framework’s effectiveness in addressing

identified gaps in rural child nutrition services.

OBJECTIVES

This research aimed to develop and evaluate the effectiveness of the Central Kitchen Model for
enhancing nutritional quality of meals in Thai child development centers using a participatory action
research approach, with specific focus on:

1. To assess the current state of food security and nutritional practices in participating child
development centers.

2. To develop a culturally appropriate Central Kitchen Model through stakeholder engagement.

3. To evaluate the effectiveness of the Central Kitchen Model by measuring nutritional quality

of served meals and the satisfaction of the participants.

MATERIAL AND METHODS

Research Design

12-13

Guided by the principles of Participatory Action Research (PAR) , this study engaged
stakeholders throughout the process to co-develop the CKM that responds to local needs in early
childhood nutrition and food management. The PAR process followed a Plan—Act—Observe—Reflect
(PAOR) cycle, allowing for iterative learning, joint problem-solving, and capacity building across all
levels. Prior to selecting the CKM as an intervention strategy, the research team conducted a series of
participatory problem-identification meetings with key stakeholders—including teachers, cooks, parents,
and local administrative officers. These discussions surfaced several critical challenges: meals often failed
to meet nutritional standards; many children resisted eating vegetables; teachers faced difficulties

encouraging children to consume balanced meals; and local administrative organizations lacked effective

mechanisms to monitor food service quality across centers.
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PAR Cycle Implementation

Phase 1: Participatory Situation Analysis

An assessment of current food service practices, food security, and nutritional challenges
in child development centers (CDCs) was conducted. Participants included 17 cooks, 35 teachers, and
6 policy-level stakeholders. Issues identified included lack of standardized menus, limited vegetable
inclusion, and absence of systematic oversight.

Phase 2: Co-Design and Action Implementation

A multidisciplinary group—comprising 9 cooks, 18 teachers, parents, and 9 local
policymakers—collaboratively developed the CKM. Participatory workshops focused on nutrition
education, hygiene, and menu planning. A one-month rotating lunch menu was co-designed, consisting
of 22 protein-based dishes, 8 culturally acceptable snacks, and 8 seasonal fruits. National preschool
nutrition standards were embedded via annotated menu notes to guide implementation. Real-time
feedback in week 6 led to adjustments in meal sequence and portion size.

Development of the CKM was guided by the Ministry of Public Health’s 2015 school
lunch framework” and the FAO School Food and Nutrition Framework'®. These were used as flexible
guiding tools rather than rigid templates. Adaptations included vegetable gardening, menu planning with
local ingredients, and participatory monitoring. The Education and Culture Division of the Ko-Ae
Subdistrict Administrative Organization later endorsed the model, requiring all CDCs to report lunch
practices via LINE group communication for ongoing quality assurance. Figure 1 illustrates the CKM’s
three integrated pillars: food security through local sourcing and gardening, standardized meal planning,
and nutrition monitoring.

Phase 3: Reflection and Evaluation

In week 12, assessments were conducted to evaluate changes in children’s nutritional
status, vegetable knowledge, and stakeholder practices. Teachers and public health nurses measured
children’s height and weight and monitored developmental milestones. Reflection meetings guided further
improvement. Parent workshops emphasized balanced diets at home, supporting continuity of healthy

eating beyond the CDC setting.
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Figure 1 The Central Kitchen Model in Child Development Centers

Study Setting and Participants

The study was conducted in nine child development centers located in Khueang Nai
District, Ubon Ratchathani Province, under the administration of the Ko-Ae Sub-district Administrative
Organization. Participants included 17 cooks, 35 childcare teachers, and 9 policy-level stakeholders
such as local government officials and CDC committee members. Additionally, two university faculty
members with expertise in nutrition and early childhood education were involved as research
collaborators. Additionally, 20 preschool children were included in the outcome evaluation to assess
changes in anthropometric status and vegetable consumption behavior. Twenty parents who participated
in gardening and nutrition promotion activities were also involved during Phase 3 to provide insights into
dietary continuity at home.

Data Collection Tools and Procedures

A mixed-methods approach was employed. Quantitative data included pre- and post-
intervention questionnaires for teachers, cooks, and parents, anthropometric measurements (height and
weight) of preschool children, and dietary assessments using a 3-day food weighing method and direct
observation of lunch servings. Children’s knowledge of vegetables was evaluated using a structured
vegetable recognition assessment tool, which captured their ability to name vegetables and identify
vegetable-based dishes. Qualitative data were collected through in-depth interviews and focus group
discussions with stakeholders to capture experiential insights and reflections throughout the PAR process.

Quality Control of Research Tools

Tools were reviewed by five experts in nutrition, preschool education, and public health
to ensure alignment with research objectives. The item-objective congruence (IOC) index was used, and
only items with IOC values of 0.75 or higher were selected. Standard nutrition assessment forms were

reviewed and validated by nutrition experts. Instruments were pre-tested with a similar population in a
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nearby CDC to refine clarity, language, and item sequencing. Cronbach’s alpha for internal consistency
was .81.

Data Analysis

Descriptive statistics (frequency, percentage, mean, and standard deviation) were used
to summarize baseline and post-intervention data. Paired t-tests were employed to compare pre- and
post-intervention outcomes related to nutritional status and vegetable knowledge assessment. Nutritional
values of the standardized menus were analyzed using the INMUCAL Program Version 3.0 to ensure
adherence to national dietary standards.

Ethical Considerations

This study received ethical approval from the Human Research Ethics Committee at Ubon
Ratchathani Rajabhat University (Approval No. HE62019), dated June 26, 2019. Participants were

informed of their rights and provided written consent prior to participation.

RESULTS

The research findings were as follows.
1. The characteristics and lunch service operations of preschool child development centers
The number of personnel in the CDC was mostly less than 3 persons ( 66.6% ), and there was
likely one person involved in food services (50.0% ). The educational background of the personnel was
noteworthy, with the majority holding undergraduate degrees or higher (65.2% ). Additionally, the results of
food security situation in child development centers, as well as the efficiency of their nutrition and lunch service

operations. These findings, summarized in Table 1.

Table 1 Information of personnel involved in catering in child development centers (CDC)

Personnel information related to food catering amount percent
Number of personnel in the CDC
1-3 persons 8 66.6
4-6 people 2 16.7
7 or more 2 16.7
total 12 100.0
Number of personnel involved in catering number percent
1 person 6 50.0
2 persons 2 16.7
3 persons 4 33.3
Total 12 100.0
Education level of personnel involved in catering
Uneducated 0 0.0
Elementary School 21.8
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Personnel information related to food catering amount percent
Secondary School 2 8.7
Diploma 1 4.3
Undergraduate degree or higher 15 65.2
Total 23 100.0

Moreover, findings from interviews with teachers, cooks, and parents revealed that
communities supporting the child development centers engage in year-round crop cultivation for local
consumption, reflecting a self-sufficient approach to food access .There were no reported issues with
accessing local food within these communities .The primary source of raw materials for the centers is
purchases from local markets, followed by direct purchases from farmers, ensuring fresh and locally
sourced ingredients .Milk, a staple for children, is primarily purchased from dairy companies .Food menus
are typically determined collaboratively by the head of the CDCs and the cook, ensuring alignment with
nutritional standards and available resources .The majority of cooks )66.7 (%are hired to prepare meals,
with the culinary operations of the centers .This system reflects an efficient and community -integrated

approach to meal preparation, leveraging local resources and opportunity to support children’s nutrition.

2. Results of CKM implementation
The implementation of the Central Kitchen Model ( CKM) yielded significant improvements across
several key areas:
1. Nutritional Value of Meals
The nutritional quality of meals provided to preschool children improved markedly. Post-intervention
analysis revealed increased energy and protein content in lunches, as shown in Table 2 and Table3, with meals
meeting recommended dietary standards for preschool-aged children. For example, the average energy content
increased from 349.42 kcal to 414.34 Kcal, while protein levels rose from 14.00 g to 16.96 g.
2. Community Involvement and Economic Impacts
The model fostered greater community engagement by involving parents, teachers, and local farmers
in various activities. The sourcing of fresh ingredients from local farmers not only ensured high—-quality produce
but also stimulated the local economy. Additionally, parents and teachers participated in nutrition promotion and
food preparation, creating a sense of ownership and collaboration. This community- centered approach
strengthened local food systems, promoted sustainable practices, and empowered stakeholders to maintain the
program’s benefits long—term.
These results highlight the effectiveness of the Central Kitchen Model in addressing nutritional

challenges while fostering sustainable community development and dietary improvements.
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Table 2 Comparison of average nutrient composition and energy proportions of lunch before and after the intervention.

Meant SD
Nutrient Before After
Energy (calories) 349.42 * 60.43 414.34 £ 197.89
Carbohydrates(g) 55.21 * 3.07 61.76 * 39.93
Fat (g) 7.94 £ 5.80 10.92 * 3.71
Protein (g) 14.00 * 5.88 16.96 * 6.84

Table 3 Comparison of average nutrient and total energy proportions of lunch served before and after the intervention.

Nutrient Meant SD
Before After
Carbohydrate percentage 64.99 * 14.27 55.43 £ 13.73
Protein percentage 15.73 £ 5.34 18.27 £ 7.23
Fat percentage 19.28 * 11.04 26.29 * 9.68
Energy Percentage 26.88 * 4.65 31.87 £ 15.22

Nutritional status of preschool children
Results of nutritional status of preschool children using the weight for age, height for age and
weight for height indicators found that there were different. However, measurement of body weight and

height before and after implementation of the CKM found significantly significant as shown in Table4.

Table 4 The comparison of average weight and height of preschool children before and after (n=16)

Body weight and height of
preschool children Mean SD t p-value
Body weight (Kg)
Before 17.03 2.70 1.962- 069.
After 17.14 2.75
Height (cm)
Before 105.69 6.38 -2.666 .018
After 106.44 7.11

The researcher promoted vegetable consumption in early childhood through a workshop to
empower teachers who take care of children by providing knowledge on how to make media to promote vegetable
consumption. Preschool children’s knowledge on vegetable consumption before and after implementation
of the CKM found significantly significant as shown in Table5. In addition, the researcher organized

workshops for parents and children in the center through organizing learning experiences about vegetables, such
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as making vegetable models, telling stories, planting vegetables, and testing the results of organizing activities
to promote vegetable consumption in early childhood children. The results of the study were as follows: The
score of naming vegetables increased. Before the experiment, the average score was 1.70. After the activity,
the score increased to 2.65. Children were able to name food made from vegetables significantly more, with an

average score of 1.80 before the activity and an average score of 3.55 after the activity.

Table 5 Preschool children’s knowledge on vegetable consumption (n=20)

activity
Mean SD t p-value
Name of vegetables
before 1.70 .80 -3.442 .003
after 2.65 1.23
Name the food that is made from
vegetables
before 1.80 1.51 -4.027 .001
after 3.55 1.43

Results of CKM evaluation:

After the completion of interventions, in—depth interviewed with teachers, childcare workers, and cooks,
which focused on exchanging knowledge, learning, and reflecting on lessons from the research, significant
insights were gained. Following the implementation of the research activities, participants provided feedback on
the use of the standardized central kitchen menu. These findings highlighted practical aspects of the menu’s
effectiveness, feasibility, and adaptability, offering valuable input for refining and sustaining nutrition- focused
initiatives in child development centers.

Post-intervention feedback from teachers and cooks highlighted the perceived benefits,
feasibility, and acceptability of the CKM in practice. Stakeholders consistently emphasized that
standardized menus contributed to more consistent nutritional delivery, reduced subjectivity in food
selection, and enhanced children’s acceptance of meals. Several teachers noted that the menu allowed
children to receive complete nutrients and promoted dietary variety, with many children enjoying the
meals provided.

Cooks reflected positively on the model’s standardization, explaining that previous menu planning
often depended on individual preferences of staff, which led to inconsistencies in meal quality. By
contrast, the CKM provided a structured guideline that was perceived as fair, practical, and nutritionally
sound. Teachers also remarked on the successful continuation of the model even after the formal project

concluded, with the LOA administrative encouraging its wider adoption across centers. Additional
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practices such as decorating seasonal fruits, encouraging children to use their own cutlery, and daily

photo sharing in communication groups were seen as reinforcing hygiene and engagement.

DISCUSSION

This study aimed to develop and evaluate a Central Kitchen Model (CKM) that integrates
food security, nutrition education, and community participation to improve the quality of meals and
nutritional outcomes for preschool children in rural Thailand. The findings confirm that the CKM
intervention—developed through Participatory Action Research (PAR)-successfully addressed key
challenges identified in the baseline phase, including inadequate energy and protein intake, low vegetable
consumption, and the absence of standardized meal services across child development centers (CDCs).
Additionally, there was significant improvement in meal nutritional quality—demonstrated by increases in
energy content and protein levels—aligning with international evidence on structured school feeding
programs. These nutritional enhancements occurred through several mechanisms identified in our PAR
process: standardized menu planning ensured consistent nutrient delivery, while participatory vegetable
gardening activities increased both vegetable availability and children’s willingness to consume them. This
supports Drake et al.’s findings that structured meal programs providing at least one-third of daily
nutritional requirements improve both immediate consumption patterns and long-term dietary behaviors.
' Similarly, Van et al’s study on community-led Central Kitchen Models demonstrated that such
approaches succeed by combining technical meal standards with local food system integration, creating
sustainable improvements in both food quality and accessibility.'® Their research showed that when
communities actively participated in model development-as in our study-implementation barriers
decreased while cultural appropriateness and stakeholder commitment increased, leading to sustained
nutritional improvements.

Our findings extend a food and nutrition management program at Rai Noi Subdistrict Child
Development Center improved awareness and practices among teachers, parents, and food preparers'’.
While their intervention focused primarily on nutrition education and showed promising changes in
knowledge and attitudes, our study demonstrates how a more comprehensive approach through the CKM
produces measurable improvements in meal nutritional content and children’s outcomes. Pinthong’s
research identified the potential for local interventions but was limited to a single center and did not
address the systemic challenges in standardizing meal preparation across multiple centers or integrating
local food systems with meal planning. Our PAR approach expanded on their foundation by engaging
stakeholders in developing structural solutions to these challenges across nine centers, resulting in
concrete improvements in meal energy content and protein levels. Additionally, our model’s emphasis on
sustainable implementation through local ownership addresses a limitation identified in Pinthong’s work,
where maintaining changes after the intervention period remained a challenge. This comparison highlights

how PAR methodologies can build upon knowledge-focused interventions to create sustainable systems
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change in early childhood nutrition through community ownership and structural modifications to food
service operations.

The development of our CKM through stakeholder engagement, our second research objective,
demonstrated how PAR methodologies create contextually appropriate interventions. Unlike conventional
nutrition programs that often impose standardized approaches, our collaborative process engaged teachers,
cooks, parents, and administrators in identifying locally feasible solutions. This resulted in a model that
balanced nutritional science with practical implementation considerations, such as adapting portion sizes
based on age-specific consumption patterns observed by teachers and integrating seasonal vegetables
available in the local agricultural system. The Food and Agriculture Organization’s School Food and
Nutrition Framework'® emphasizes this integration of local food systems into school nutrition programs
as essential for both nutritional adequacy and program sustainability. Our findings extend this framework
by documenting specific processes through which stakeholder participation shapes model development,
from initial problem identification through implementation adaptations.

The improvements in children’s anthropometric measurements and vegetable knowledge
demonstrate how structural changes in meal provision can influence both physical development and food
literacy. The significant height increase suggests that even a relatively short intervention period can impact
growth trajectories when nutritional quality improves substantially. Similarly, the enhanced vegetable
recognition and identification skills among children reflect how the model’s integration of food education
with improved meal content created mutually reinforcing pathways to better nutrition. This bidirectional
relationship between food environments and nutrition knowledge aligns with the WHO School Policy
Framework'’, which emphasizes comprehensive approaches that address both food access and nutrition
literacy.

The sustainability of these improvements, as evidenced by continued implementation after the
formal research period, demonstrates the value of our participatory approach in creating lasting change.
This sustainability resulted from several factors identified in our evaluation: administrative support from
local authorities, practical feasibility within existing resource constraints, and the development of
simplified tools that CDC staff could readily implement in daily operations. Moreover, the inclusion of
continuous monitoring and evaluation mechanisms—such as routine growth monitoring, daily meal
documentation, and participatory reflection meetings—proved essential to the CKM's sustained
effectiveness. These feedback systems allowed stakeholders to identify implementation challenges early
and make evidence-based adaptations, as demonstrated in the week 6 adjustments to portion sizes and
vegetable preparation methods. The iterative evaluation approach inherent to PAR created a dynamic
model that remained responsive to children’s evolving dietary needs and contextual changes in food
availability.

In conclusion, this study demonstrates that the Central Kitchen Model developed through our

PAR process effectively enhanced nutritional quality, improved children's growth and vegetable
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knowledge, and established sustainable food service practices in participating CDCs. The findings
highlight the value of integrating structured nutritional guidelines with participatory development
processes, creating interventions that are both technically sound and contextually appropriate. This
approach offers a promising framework for addressing childhood nutrition challenges in similar settings,

particularly when adapted through authentic stakeholder engagement.

LIMITATIONS

This study had several limitations. First, the intervention was conducted in a limited number
of child development centers (CDCs) within a single district, which may limit the generalizability of the
findings to other regions. Second, the intervention period of 12 weeks may not fully capture long-term
outcomes, especially regarding changes in body weight and sustained behavior. Third, while the
participatory action research (PAR) process provided deep contextual understanding and stakeholder
ownership, it also required intensive coordination, which may challenge scalability in other settings.
Lastly, although objective methods such as food weighing and leftover observation were employed to
estimate vegetable consumption, these were not conducted across all centers and may be influenced by

daily variability in food preparation and children’s preferences.

RECOMMENDATIONS

1. A centralized menu planning and quality control system should be implemented across all
child development centers to ensure consistent nutritional value in meals.

2. Capacity-building workshops should be regularly held for teachers, cooks, and parents to
improve knowledge and awareness of child nutrition.

3. The use of locally sourced ingredients from community farmers should be encouraged to
support local economies and promote a sustainable food system.

4. Future studies should investigate the long-term effects of the Central Kitchen Model on

nutritional status and developmental outcomes in early childhood using longitudinal designs.
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