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Abstract
This experimental research aims to find landscape design variables that affect the weather
around the building. At the Micro-climate level, the weather will be cooler to get closer to the
thermal comfort zone. The research areas were in front of the landscape technology building at
Rajamangala University of Technology Tawan-ok Bang Phra Campus Chonburi Province, the location
of the research area for the Sustainable Solar Cabin Prototype Study Project. The research study
1
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areas with the same climate and topography were 4 locations as follows: 1. The area above the
concrete yard 2. The area above the lawn. 3. The area with trees in a sparse forest style with a pond
and 4. The area with trees in a dense forest style with a pond. The temperature and humidity were
checked by installing the research tool the UNI-T A12T temperature Humidity Meters, which were
installed at all 4 points above the area of use at a level of 1.40 meters above ground, 24 hours a day
for 4 days. The research results found that the significant variables were 1. materials, concrete, and
grass surface accumulated heat differently; 2. Shade: Areas in landscaping areas such as sparse forests
and dense forests. The surface is under the shade of trees, sunlight is blocked by the leaves. This
caused the surface to not receive direct sunlight and 3. Increasing cooling from water evaporation
(Evaporative cooling). The research conclusion revealed that the coldest environment was the
environment that was obscured by trees and sunlight falling on the surface. In this research, water
evaporation was added to the study area. It was found that the influence of water evaporation was
in the sparse forest landscaping area with not too dense foliage and near a pond. It was found that
the temperature was cooler. The area was landscaped design with dense forest and dense foliage and
found that the air temperature in the experimental building was 4 degrees lower than in the hottest
part of the day. Due to the cooling influence that occurs, the temperature difference between outside
and inside the experimental building was approximately 4 degrees. Such influence would cause the
heat transfer to be 32.8% less than before, which might be concluded that the environment was
manipulated by increasing the evaporation of water which can make the temperature in this area drop
closer to the comfort zone.

Keywords : environmental improvement, concrete and grass surface, shade, water evaporation,

comfort zone
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Abstract

This research is an extension of the study on “Geographic Information in Analyzing the Site
Potential for Planning the Faculty of Agriculture and Natural Resources, Rajamangala University of
Technology Tawan-Ok, Bo Thong District, Chonburi Province.” The main objective is to design landscape
architecture of Bo Thong institution as a Green Campus, utilizing experimental results, discussion
outcomes, and overall recommendations. Additionally, it involves synthesizing the area to design a
schematic layout and creating appropriate alternative or detail designs and construction for future
development.

The analysis of developing the 660 Rai Bo Thong Institute in the hilly plain area with abundant
water resources, dense communities, and accessibility to roads, infrastructure and communication,
allows for the classification of three zones: 1. Public Zone, 2. Semi-public Zone serving as an
educational and service center, and 3. Private zone include recreational and residential Zone.
Furthermore, the usable areas are divided into eight zones, with two additional connecting points.
These designs propose a green educational institution (Green campus) with ten areas known as Zones
A-J, including 1) Academic Area, 2) Administrative Building Area, 3) Staff Residence -Dormitory Area,
4) Commercial Area, 5) Sports and Recreational Area, 6) Conservation Area, 7) Agriculture Area,
8) Service and Maintenance Area, 9) Plaza/Landmark Area, and 10) Green Walkway.

Summarizing the analysis of requirements, attitudes, university image, and the green
university (Green campus) concept, the proposed educational institution layout for Bo Thong can be
summarized as follows: 1) Space improvement planning, 2) Community involvement, 3) Development
of renewable energy utilization, 4) Reduction of wasteful resource usage, reuse, and recycling,
5) Knowledge development for the community, 6) Landscape development for tourism, 7) Resource
management, disaster prevention, and mitigation through creative development. The crucial aspects
to consider for the green institution (Green campus) are energy and climate change, infrastructure
planning, transportation, waste management, research, and water resources.

Regarding the design and layout, there are two options presented for utilizing the land in the
green campus: 1. Using the existing roads as main thoroughfares, and 2. Using the existing roads as
green walkways (Green Way) and moving the road north of the project.

Keywords : Green Campus, Land use zoning, Site Planning, Zoning design
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1. Introduction

The Policy and Strategy for Higher Education, Science, Research, and Innovation for the years
2020-2027 provides a framework for the development of the education, science, research, and
innovation system in Thailand in line with the direction of the national strategy, master plans, and
government policies. Its vision is to “prepare Thai people for the 21st century, develop an inclusive
economy, a stable society, and a sustainable environment, while fostering cutting-edge innovation
internationally and leading the country towards developed status.” The development objectives
include: 1) developing human resources and institutions of knowledge, 2) conducting research and
creating innovations to address societal challenges, 3) promoting research, innovation, and
entrepreneurship, and 4) developing the capacity and reducing disparities through spatial development.

This policy is implemented in conjunction with the reform of the higher education, science,
research, and innovation system of the country, which currently lacks a sufficient large-scale
infrastructure to support future research. Developing research infrastructure is essential to support
investment in creating and developing foundational structures on a broad scale, capable of
accommodating advanced global research. It is important to strive for excellence, enhance
competitiveness, promote sustainable economic prosperity, and foster collaboration both
domestically and internationally. The reform of the higher education, science, research, and innovation
system aims to propel Thailand towards full and sustainable development by reforming university
management systems, designing management systems, policies, strategies, and plans. It includes the
design of funding allocation and budget management systems, result tracking systems, and data
integration systems. It also focuses on the development of convenient facilities for higher education
institutions, state research institutes, and the industrial sector. Additionally, it emphasizes the
development of highly skilled human resources to support the special economic zones in the Eastern
Economic Corridor (EEC) region through curriculum alignment and collaborative research between
educational institutions and businesses in the EEC area.

The Rajamangala University of Technology Tawan-Ok, Bang Phra Campus, is an educational
institution that provides higher education in various academic and professional fields, offering
certifications, diplomas, and degrees, including bachelor’s, master’s, and doctoral degrees. It also
engages in research and provides academic services to society. The Faculty of Agriculture and Natural
Resources is one of the faculties under its administration. It aims to develop the mentioned area into
a new educational precinct called Bo Thong Campus, managed by the Faculty. The plan involves
enhancing the efficiency of the existing space, promoting and participating in community development,
implementing integrated farming practices, promoting self-sufficiency, creating beautiful environments
and landscapes, and managing university resources effectively.

The analysis leading to the design of the educational precinct covers an area of
approximately 660 Rai. The current state of the area is described as abandoned and encroached
upon by local residents. Therefore, the Faculty of Agriculture and Natural Resources of Rajamangala
University of Technology Tawan-Ok, Bang Phra Campus, aims to develop the area into Bo Thong
Campus by maximizing the efficiency of the existing space for educational institutions, promoting and
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participating in community development, improving the area for recreational activities, tourism, and
sports, creating beautiful environments and landscapes, and ensuring the quality of life by managing
university resources, planning for natural disaster prevention and mitigation, and designing appropriate
physical space utilization.

To achieve these objectives, a master plan has been designed to align with the context of the
educational precinct and the goals set forth in the national higher education, science, research, and
innovation policy. The plan encompasses the utilization of resources, energy efficiency, waste
management, green transportation, and the establishment of a green educational institution. It also
includes the design of a comprehensive plan that takes into account the existing landscape, cultural
heritage, and community needs. The plan aims to integrate the educational precinct with the

surrounding area and promote sustainable development, green spaces, and the conservation

2. Research method

The study focuses on the development of a creative urban planning framework using
integrated analysis and geographic information system (GIS) data in the study area of Bo Thong
Institute in Chonburi province, which covers 660 acres of land. The study is conducted by the
Faculty of Agriculture and Natural Resources, Rajamangala University of Technology Tawan-Ok,
located in the hilly area with a large water source in Bo Thong District, Chonburi Province.
Additionally, the study includes conducting surveys of important surrounding areas. The research
methodology employed in this study involves the following steps:

The study examines the research findings and summarizes the data obtained from the
Geographic Information System (GIS) and Remote Sensing (RS) through high-resolution satellite imagery.
The analysis includes physical factors such as land use, geology, hydrology, topography, soil types,
vegetation, temperature, as well as the results and conclusions derived from interviews and
questionnaires, which are human-created factors. These factors encompass transportation routes,
public utilities, public services, history, society, culture, and the conclusions derived from factors
related to aesthetics, including visual quality and the character of open spaces, natural landscapes,
and in-depth interviews with three key representative groups: 1) Local administrators: District Chief,
Tambon Administrative Organization Representatives, and Community Representatives; 2) Faculty of
Agriculture administrators and department heads: Dean and Department Head; and 3) Experts in
university planning and design and experts in institution design or academics who have experience in
designing green institutions. The purpose is to apply the data and classify the land use requirements
in each zone of the entire 660 Rai area.

Based on the analysis of topographic data from theoretical frameworks and literature reviews
of each factor, including natural factors, human-made factors, and aesthetics from planning experts,
including both academic and experienced professionals, the synthesis results in a summary of the
proposed educational institution layout guidelines for Bo Thong, Chonburi Province. The guidelines
divide the area into 10 usable zones. Subsequently, these 10 zones are used to explore two

alternative layout options, which are based on the research findings and discussion results. These
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options then lead to recommmendations for the design and layout of the green educational institution

in Bo Thong, Chonburi Province, in this study.

3. Results and Discussion

The analysis of physical and spatial factors of the educational zone in Bo Thong, which
spans an area of 660 Rai, reveals the following:

The development of Bo Thong as an educational institution zone is a suitable option for
utilizing this vacant land. The location, situated in a hilly area with a large water source, offers
favorable conditions for the establishment of an educational institution that aligns with the changing

land use patterns in the Eastern Economic Corridor, as depicted in Pictures 1 and 2.

Map showing the b. of Raj: University of gy Tawan-Ok,Bo Thong campus,Chonburi province
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Picture 1 Boundaries and contour lines of Bo Thong Campus
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Picture 2 Physical potential: contour lines, waterways and ridges

The analysis of spatial accessibility and the prioritization of areas for foundational development
and spatial layout of the educational institution zone in Bo Thong focuses on the physical aspect and
the perspective that encompasses both the external and internal architectural forms. It also involves
organizing the land use or establishing static zoning based on the physical characteristics studied and

analyzed in Pictures 3, 4.
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Picture 4 The potential for administrative area can be divided into 10 zones

Analysis of accessibility potential, sustainability, and architectural perspectives of each zone
in an area can be classified into three zones as follows: 1) Public Zone: This zone is suitable as a
welcoming area. 2) Semi-public Zone: This zone is suitable as the educational and service center.
3) Private Zone: This zone serves as recreational and residential areas. As shown in Picture 4, the
analysis and synthesis of the area’s sub-areas can be divided into 10 land-use or layout design zones:
1) Zone A: This zone has a gentle slope, low-rise structures, easy accessibility, and is located near the
main entrance. It has a wide-angle view of the plain, agricultural areas, and sparse vegetation. The
area is long and narrow with main and secondary roads passing through it. There is no population or
major water sources in this zone. The soil is characterized as sandy loam. 2) Zone B: This zone is
similar to Zone A in terms of accessibility and characteristics but is located towards the west/south.
It is adjacent to Zones A and D with main and secondary roads passing through it. 3) Zone C: This zone
has similar characteristics to Zone 1. 4) Zone D: This zone has physical characteristics similar to the
aforementioned zones but with a slightly moderate slope. It is a plain area with low-density structures
and easy accessibility from the south and west directions. It has wind directions from both sides,

facing the mountains in the east/north direction. The buildings in Zone E are visible from this zone.
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5) Zone E: This zone is similar to Zone 4. 6) Zone F: This zone has characteristics similar to Zones 1
and 4 but is located on the northern side adjacent to forest and mountain areas. It has water sources
and a view towards the east/north direction. 7) Zone G: This zone is similar to Zone 6 but has a
southern entrance. It is centrally located in the area, intersecting with two main roads. 8) Zone H: This
zone is similar to Zone 6 but has good accessibility from both the north and south entrances. It has
a rectangular shape and a large water source as a primary component. 9) Zone I: This zone is similar
to the aforementioned zones, but accessibility is available from the southern road and the eastern/
northern border. It has adjacent water sources in the southeast direction and a view of large bodies
of water and hills in the north direction. The main road exits towards the east/north direction.
10) Zone J: This zone is similar to the aforementioned zones but has the most difficult accessibility
from the main entrance compared to other areas. It has a wide-angle view of the water bodies in the
west direction and forest/mountain ranges in the north direction. The vegetation is minimal, and it is
an extensive area almost in the shape of a rectangle. The main road passes through the northern
direction and is located near the water bodies in the east direction. It serves as a connection point

with the external area and has a view from the east direction. Refer to Pictures 1-4 for details.

Table 1 The scores and their relationship with function program
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Suitability of ZONING must be overlay analyzed to find the needs in detail of the area to be
suitable for the Function Program according to the needs of the Faculty of Agriculture and Natural
Resources. Rajamangala University of Technology Tawan-Ok for the land use of each zone. The
8 zones as follows: 1) Educational building area 2) Administrative building area 3) Residential area
4) Commercial area 5) Sports and recreation areas 6) Conservation areas 7) Agricultural land 8) Service,
maintenance area. 8 Land use Functions leads to the needs of the space, the synthesis of the site
potential to be suitable for the utilization of each activity that will be available in Bo Thong institution.
In relation to the function program, it will be used to make a table model showing the relationship
of scoring values of site potential of each zone that is suitable for the function program. There are

scores valued 1-5. From ascending to descending which are shown in the form of Table 1.

Zoning Design
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Picture 6 Map showing the analysis of the site potential to the Zoning Design

Guidelines, alternative 1

Zoning Design [Optional]
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Picture 7 Map showing the analysis of the site potential to the Zoning Design
Guidelines, alternative 2
The results of the research lead to the Zoning design guidelines, which can be classified into
8 areas, namely 1) Educational building area (yellow) 24%, 2) Administrative building area (pink) 7.5%,
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3) Residential area (blue) 17%, 4) Commercial area (light orange) 9%, 5) Sports area Recreation (dark
green) 23%, 6) Conservation Area (Purple) 5%, 7) Agricultural Area (Light Green) 10%, 8) Maintenance
Service Area (Grey) 1%, and add 2 more connecting areas, namely 1) Plaza area (dark orange) 1%,
and 2) 4 landmark areas (dark yellow) 2.5% in which the main road in the project is represented by a
red dashed line. Secondary roads leading into each area are represented by a small red solid line.
The Green Pedestrian or Green Way is represented by a green dotted line. And brown represents the
area of the Royal Forest Department adjacent to the conservation area of the project. There are two
possible approaches to designing the static zone: Approach 1: Utilizing the existing road as the main
pathway (Picture 6) Approach 2: Creating a new road and transforming the existing road into a green

connection (Picture 7)

4. Conclusion and suggestions

Creative development in project areas requires surveying, studying, and analyzing each
sub-factor through the overlaying of maps. This process helps uncover the deep potential required
for designing and planning the spatial layout of each zone according to the designated land use
program. It leads to appropriate architectural and landscape designs. Research findings indicate that
the site determines which functions are suitable, and the required functions determine the type
of site.

In the development of green institutions, important considerations in management and
administration include: 1. Energy and climate change: Strategies for sustainable energy sources and
addressing climate change impacts. 2. Planning and infrastructure for public utilities: Designing an
efficient and sustainable infrastructure for essential services such as water, electricity, and waste
management. 3. Transportation and mobility: Developing a transportation system that promotes
sustainable and efficient modes of travel, reducing carbon emissions and congestion. 4. Waste
management: Implementing effective waste management practices, including recycling, waste
reduction, and proper disposal methods. 5. Research: Conducting research to advance knowledge and
innovation in sustainable practices, technology, and environmental conservation. 6. Water resources:
Ensuring sustainable management of water resources, considering conservation, allocation, and
quality control measures.

By considering these key issues in management and administration, the development of
creative and sustainable projects can be achieved, leading to a greener and more environmentally
conscious institution. The summary of the educational institution campus layout in Bo Thong can be
outlined as follows: 1) Optimizing the layout to maximize efficiency: The campus layout should be
designed in a way that enhances the existing space to its fullest potential, ensuring efficient utilization.
2) Community involvement and promotion: Encouraging community participation and collaboration
in the development process to create a strong sense of community and foster mutual growth.
3) Sustainable energy and integrated agriculture: Promoting the use of renewable energy sources and
implementing sustainable agricultural practices such as agroforestry and rotational farming. 4) Resource

conservation and reuse: Reducing resource wastage through efficient management, promoting reuse
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practices, and implementing water recycling systems. 5) Knowledge development for the community:
Fostering the development of knowledge and education within the community, providing
opportunities for learing and skill enhancement. 6) Development as a tourism landscape: Enhancing
the campus to become a scenic and attractive destination for tourism, highlighting the unique features
and promoting cultural and natural heritage.7) Resource management and disaster prevention:
Implementing effective resource management strategies and developing comprehensive plans for
disaster prevention and mitigation.

In analyzing the potential of the Bo Thong area to be transformed into a green educational
institution, the following analysis and recommendations for the campus layout can be made,
considering eight zones: 1) Faculty of Agriculture Zone: Designated space for the agricultural faculty’s
classrooms and facilities. 2) Administration Zone: Area for administrative buildings, management
offices, support facilities, and certification offices. 3) Faculty and Student Residential Zone: Residential
space for faculty members and students.4) Commercial Zone: Space for commercial activities,
exhibition and trade centers, food courts, community service centers, and OTOP (One Tambon One
Product) market. 5) Recreational Zone: Areas for sports, recreational activities, lakes, canals, and
reservoirs. 6) Conservation and Forest Zone: Preserved areas for conservation and forest protection.
7) Agricultural Zone: Agricultural fields and farms. 8) Service Zone: Maintenance and service areas.
Additionally, there are two connecting areas to enhance the green concept and provide focal points:
9) Plaza: A central plaza area that serves as a gathering space and promotes community interaction.
10) Landmark and Roundabout

Layout Design
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Picture 8 Map showing Guidelines for Site Planning towards green campus,

alternative 1
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Layout Design [Optional]
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Picture 9 Map showing Guidelines for Site Planning towards green campus,

alternative 2

Site planning design concept

The area for administrative buildings, educational buildings, service buildings, and maintenance
facilities is considered based on the existing building area near the main internal roads within the
project. This area consists of previously disturbed land that needs to be renovated according to
architectural principles to enhance its aesthetic appeal. It should be surrounded by natural elements
and should not obstruct the natural waterways entering the project area.

The residential area within the project is determined based on the accessibility to the
deepest areas and proximity to recreational areas such as parks, public ponds, and lakes. It is situated
in visually appealing areas with moderate slopes and excellent views. The atmosphere and views
should not be disrupted by hazardous pollutants, dust, or natural disasters.

The commercial area is determined based on its closest proximity to the main access point,
which is the first point of entry into the project. It is located along the primary internal road within
the project. The area undergoes land improvement while ensuring it does not obstruct the natural
waterways.

The recreational area, including public parks and sports fields, is determined based on its
location in low-lying flat areas, natural water flow paths, and fertile soil. It is situated near water
sources and allows for easy access to various functions within the project. It promotes walking and
cycling as means of transportation, supporting residents’ active lifestyles and reducing energy
consumption from motor vehicles. The design ensures that pedestrian and cycling paths are separate
from high-traffic roads to prioritize safety for residents.

The conservation and forest preservation area is designed to increase green space in the city
and community. It serves as a recreational area for both passive and active activities in the form of a
forest garden, allowing students and university staff to experience a diverse environmental system.
The area is characterized by steep slopes and a significant number of existing forests, which can be

developed into a forest that maintains the original characteristics of Bo Thong’s natural forests. The
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design explores the concept of a forest garden with a variety of rare and important tree species that
may be difficult to find elsewhere. It aims to create awareness of the diverse wildlife that inhabits the
forest and emphasizes the forest’s role as a habitat for small animals, as well as its significance as a
producer of essential resources such as water and clean air, which are vital for human survival.

The agricultural, horticultural, and fishery department areas are located in low-lying plains
where some soil disturbance has occurred. Although there are not many large trees, the soil is fertile,
and the area is close to water sources. The connection to water bodies allows for the distribution of
moisture to the surrounding soil, aligning with the concept of incorporating mound, wetland, and
paddy field models. The small canals play a role in distributing moisture to plant species. Moreover,
the water connectivity contributes to the diversity of both aquatic and riparian ecosystems. It serves
as a habitat for aquatic animals, an egg-laying site, and also helps facilitate water circulation through
the design and layout of the area.

The green connectivity areas, including landmarks, roundabouts, and plazas, are designed to
enhance the land use benefits of all eight zones by providing pedestrian and bicycle-friendly green
pathways that seamlessly connect to each zone without intersecting with vehicular traffic routes.
Landmarks, roundabouts, and plazas are strategically placed in junctions or intersections with three
to four roads, allowing road users to easily identify and remember the characteristics of each zone
as local landmarks. They also serve as speed regulators for motor vehicles before reaching the
intersections. Additionally, these areas provide open spaces along the roadways with gentle curves
and viewpoints, allowing certain areas to enjoy the beautiful scenic views of the project’s surrounding
environment.

Ponds or lakes are water bodies that are important components of the environment. In urban
and landscape planning, they hold significant importance in various aspects and are closely related
to people’s way of life, including agriculture, culture, and tourism. They serve as recreational areas
and places for relaxation. Utilizing the water resources spanning over 100 acres in the area can be a
driving force for development in multiple aspects. For instance, they can be open spaces along the
waterfront, with roads meandering through the riverbanks, activity areas, public parks, and residential
areas.

The decision to have curved or straight riverbank edges depends on whether it would be more
beneficial to combine both designs for the improvement of the existing area. The riverbank should
have a suitable slope that is not too steep, allowing access to the water in various ways, both in
natural and manmade areas. Creating a riverfront public park would enable people in the area and
the community to have closer interaction with nature.

The recommendation for Green campus based on SDG are creating a green university aligned
with Sustainable Development Goals involves integrating sustainability into various aspects:

1. Curriculum Design

- Develop courses that address environmental, social, and economic sustainability.

- Incorporate SDGs into existing programs and create interdisciplinary courses.
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2. Campus Operations
- Implement energy-efficient technologies and renewable energy sources.
- Establish waste reduction and recycling programs.
- Promote water conservation measures.
3. Infrastructure and Design
- Construct eco-friendly buildings using sustainable materials.
- Design green spaces and promote biodiversity on campus.
4. Transportation
- Encourage eco-friendly commuting options (cycling, public transit).
- Provide electric vehicle charging stations.
5. Community Engagement
- Foster partnerships with local communities to address regional SDGs.
- Organize awareness campaigns and events on sustainability.
6. Research Initiatives
- Support research projects focused on sustainable solutions.
- Encourage faculty and student involvement in sustainability research.
7. Governance and Policies
- Develop and enforce sustainability policies for the university.
- Establish a sustainability committee to oversee initiatives.
8. Student Involvement
- Encourage student-led sustainability clubs and initiatives.
- Integrate sustainability into student orientation programs.
9. Global Collaboration
- Engage in international partnerships to address global sustainability challenges.
- Participate in conferences and initiatives promoting SDGs.
10. Monitoring and Reporting
- Implement systems to monitor and measure sustainability performance.
- Regularly report progress on SDGs to stakeholders.
In conclusion, establishing a green university committed to the Sustainable Development
Goals (SDGs) requires a holistic approach encompassing curriculum design, campus operations,
infrastructure, commmunity engagement, research initiatives, governance, student involvement, and
global collaboration. By integrating sustainability into every facet of its existence, from energy-efficient
buildings to eco-friendly transportation options, a green university can serve as a beacon for
environmental, social, and economic responsibility. The ongoing commitment to monitoring,
evaluating, and adapting initiatives ensures that the university remains at the forefront of sustainable
practices, contributing significantly to the global pursuit of a more environmentally conscious and
socially equitable future.
Summary of benefit and draw backs of digital geographic model

Advantages and Disadvantages of Creating Digital Models and Designing Digital Cartography:**
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Advantages

1. Testing and Simulation: The use of digital models helps test various scenarios and simulate
potential impacts before implementing the actual project, reducing risks and post-implementation
problem-solving costs.

2. Resource Efficiency: Digital models aid in efficient resource management by allowing for
precise planning and analysis, minimizing resource wastage during the design and planning phases.

Disadvantages

1. Technical Complexity: The creation and utilization of digital models and digital cartography
require technical expertise, and individuals involved may need specialized training, potentially posing
a barrier to widespread adoption.

2. Initial Costs: Implementing digital models and digital cartography systems may involve
significant initial costs for acquiring technology, software, and training personnel, which could be a
constraint for some organizations or projects.

Recommendations for future researches are to study feasibility and analyze benefit and
limitation of 2 master plan patterns to apply in a site planning for each zone. It is recommended to
add more details of site planning for each zone in order to smoothen development plan including

budgets and construction phrases.
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Abstract

This research aims to design a distribution center and a community map for local agricultural
identity products: Jek Chuey Sao Hai rice (Gl rice) in Saraburi Province. It also serves as a model for
other communities as part of a research project on the development and enhancement of local
agricultural identity products for sustainable community economic development: the Jek Chuey Sao
Hai rice group (Gl rice) in Saraburi Province. The research tools included questionnaires, interviews,
surveys, analysis, and summarization to create guidelines for designing the distribution center and
community map suited to the community and evaluate satisfaction. The findings revealed that
consumers in Saraburi province became more aware and knowledgeable about local agricultural
identity products spatially, and they expressed satisfaction with the development and design of the
project. This was achieved by maximizing the benefits of local agricultural identity resources within
the community. Additionally, there are recommendations for adopting the model to include
sustainable energy-saving measurement processes, which can be extended to actual construction and
use in the community.

Keywords : Identity, Design Guidelines, Sustainable
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Abstract

The purpose of this research was to assess genetic diversity of Yellow catfish (Mystus nemurus)
(Cuv. & Val.) from five subpopulations including Sarasawadi Floodgate (A), Bang Nong Bueng Floodgate
(B), Ban Na Khu Floodgate (C), Ban Nakham Floodgate (D), Lower Nam Kam Floodgate and flowing
down to Mekong River at That Phanom district, Nakhon Phanom province (E). The genetic variation
was done with nine primers (OPB-07, OPB-10, OPC-02, OPC-05, OPC-11, OPC-13, OPC-15, OPC-16 and
UBC122). The size was between 200-2,500 and the total number of 97 DNA bands of 95 bands were
found to be percent of polymorphic band between 46.39-81.44. The gene diversity (H) value was
between 0.18-0.32. The value of gene differentiation (GST) and value of gene flow (Nm) overall
populations in this study was 0.29 and 1.22, respectively. The genetic distance (D) values were
found between 0.132-0.341. The UPGMA (Unweighted pair group method with arithmetic means)

dendrogram clearly separated yellow catfish (Mystus nemurus) from Lum Nam Kam into two groups:
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the first group consisted of Sarasawadi Floodgate (A) and the second group consisted of Bang Nong
Bueng Floodgate (B), Bang Na Khu Floodgate (C), Bang Nakham Floodgate (D) and Lower Num Khum
Floodgate, flowing down to Mekong River at That Phanom district, Nakhon Phanom province (E). This
research was very useful for breeding, management, and studying on the genetic structure of yellow
catfish population in Lam Nam Kam in the future.

Keywords : Genetic diversity, Mystus nemurus (Cuv. & Val.), RAPD technique

1. uni

Uannawwaes (Yellow catfish, Mystus nemurus) (Cuv. & Val.) f{YﬂLﬂuﬂmﬁﬁmmﬁﬁmmamiwgﬁa
desnideuanilsanin 1AAMI9BIMTE LmeJmﬁﬁﬂmﬁmﬁgﬂuuazmqmzmﬂlugﬂma@ﬂmamas
Uauia imﬁﬂﬂmmiguLﬂ'meJmim"’iu (Amatyakul et al., 1995) uammf‘j éTaﬁsJ:uL?ﬁyw,ﬁuﬂmmmmﬁuﬁu
fidosnsvesnanasmalszme s mieAeudiege nlduiiaulalumsimnzidsaiteUssnavendn
Y0UN¥RINT (Phromkunthong & Midcadee, 2001) Ua'mmmﬁmLﬁuﬂaﬂﬂjﬁmﬁagﬂumjuL(?w'mﬁwmmm

'
o

Yawln Yandn Judanguitlifiinda nuunsnszaeluwnaaisssumnd eraiviiamnainvesssme

v
o '

LLazmmsmmﬁaléﬂuﬁﬁmmLﬁuqaﬁq 12 ppt (Kasiswan et al., 2000) dnhandugiihavvosiiles 3
sufniinnanadianugiy Jwinanauns TarunuesnsfisnaediesEnauns Kusiaelnuuniy
SNOLANASANTT SINDUIN TUussauuusiilvaiduatim FUNBTINNUN FINTAUATNU UTIUTEHENG
123 Alawms Srddudihitssunsihduiuniusenanmeansmeduiield meUssgszuieiiadad
warlvaaniidnsiunnideanile Uiz@ismaﬁﬂuﬁwﬁﬁw 910U 4 wire Usznaunie Uiz@jzmeﬁw

v

SRINVIRRN Uiz@izmaﬁﬂﬁmuwm Usz@ismaﬁwﬁ’mm@' uar Usegszuninimeauans Msiansieln

%
o o o =

tilavalutlagsutu vssgihamrldsunisqualnegusiseuasimunussuniiaanauns nsssas dau
Usgpthuuneiuasyssgirthuungldsunisqualasvausemuunsnuy nsusausevnu msdanslnedaiio
syduthiidnifuivesusaziss iszduihgauiuniesduinfuihidinadaussgssuisduiedesty
i Vssgingsmitinisudesihiiioliuarhedviumstulavanauissiifednussgasueiilugag
Uanenmaumamnd udmnieugmaussiuiiludnihazanssduasegnann dulsegiiunviuay
tundiinsdanstulavadiiussansamdes esnnidmihilianudduaniznstnfuih Snvis
faszautgmnthudumissaduiinuiilatalauasshedulaloy fadunsgifiuinulsg
4 2 wis Selalldussmmmeliduiisnufviug wasnanisussandinius Fildmthuennudardile
lunseusnenineinsussus (Pongsri et al, 2008) ludrunisfnwinansenusensneinsuazszuuilne
Tunsadnslsegszunedh Snsnuhinalfsruuinmeundahdsuamnssuuinawuuivady
spuuiinauuuiils Ussrendaditinasudeuluduussmauumdnints wu wusuuunasineuiivandu
dniurosilunguvesansin nduldifewi nquiiseuutaumnniudulssrnsUaduiusuanilvass
LﬂﬁauLﬁuﬁuﬁfﬂmﬁwﬁﬂ Wy Yaveu UamuednanBeuasfiuniniy anna Jarnglnnasisuiuantesas
(Phomikong, 2014) ludhagtiudsinauanamdeduuvanihsssumalisiuuantosasnnn Wosnnsad
deuratumssnenvesan mudenlnsuveuvanivhlilivnsuinisdsdinuagnsunsveneiug
Uan Uszneufiusiuaulszensvestssmalvefimafintusgmindiliianudomnisomadiunntu
fefu Uanamdesiisuldmusssund Svsialdifismetumiudesnisvesiuilnn Jeianudesnisfiay
duadunasiaunssuunsnedsdn iiuieinandnfiuntuas funiseyindiusuaeiinilvinseg
Tuundninsssunfnely (Thephakone, 2005) MsAnwAaaINTNEMsugNITIMArlATIEE g NTTY

43



N3an5ide T 17 adudl 1 unsau - Tquieu 2567 ISSN 3027-8309 (Print), 3027-8325 (Online)

YaaUaInaAmaes vibinsuiruaInsinveslainamdesasinwsEAuALTaINNaIeNIRLENIIY
luse aunsafnwldandnuuznisuenmsdagine uasieiesmnemaiusnesidlussdulusi was
Tusgdufdue uwinsAnsdnuaemmadugiinefissesiafeioraianmsiawainld Woswndnumenis
Fugutusvanminadoniiondeiviliimaasuamuanimnnden dunsinuwmeiugnasusiu
fuBuvesdaidin faudiinaeiiunasendefuandsiuuidnuarvesduaghivdsunvamn msAnudiu
ftugnasuvesUanawdedudnirindiites niteadsiifunminenaiesmneluanaosiofid (RAPD :
Random Amplified Polymorphic DNA) LﬁuLwﬂﬁﬂﬁmﬁamsLﬁuﬂ%mmf'??uﬁLé:uLamﬁﬂéfﬂﬁﬁ%mqﬂisd
Tndlueisa (Polymerase Chain Reaction : PCR) lutudnasing 9 vuanefidulefunuuiignidrduldse

'3

Inswesensiedia Mduledlndaedlelnavunadn (vuinduiua) wasildwuwuudy (Arbitrary sequence) 1u

v A

wiallafidie 59057 Ussnda wazfiddgaelidndudemaudeyansiiugnssuveddidiniidosnising

1
v

(William et al,, 1990) Iffinsimadadinlifnvuieaiuaddiamasviafiofnulasiaismeiugnssm
Tdsruuaneaeiugnssuvesderitn 1dun Uaria (Oreochromis niloticus) (Mahboob et al., 2019)
ﬁ:ﬂﬁﬂmim (Macrobrachium rosenbergii) (Bala et al., 2017) wag weswwaa (Crassostrea belcheri)
(Klinbunga et al., 2000) 1uu

nsfnwlunsiiiinguszasdiiofinuanuvannvanemeiugnssuvesanaimiesinglfivada
019107 FuedoansluanaiidundosdiofifiussansnnismeiasiuAnuiugnssuuasinssaing
209UsTUINT %’a;&amﬁmﬂmiﬁﬂm%lﬂu%@yjaﬁﬁwﬁiy dmsun1uTMIsinnITnsneInsUainalndes
felusrumamzidsafiolugnsiaunaissanamdesdondsd wasiioniseyinsuanamios
Tudnhrvieluluowan

2. A5N15NNa99

2.1 MsNUTIUTWAIREINUAINARERS

nsneaesiivunnslidninaans Welrlieumneauuaniisenundnasseussunislidn
Tneilluounnalddng U1-03564-2559 Taewfusausuiegisanamdeduuinudmii mnvszgi 5 90
ﬁizﬂauﬁaﬂﬁ;mﬁ 1 Uis@ﬁwqiﬁaﬁ 1w 5 M ﬁ;m?i 2 Uiz@ﬂjﬁﬁwwumﬁﬂ U 3 ﬁ;m‘ﬁ' 3 Uisg}ﬁ’]
uung S 4 907 4 Ysgguinthuuna $1uau 5 f waxgedl 5 Ussgrinihiaeudieiterlnaadiug
wshirlwsfisunesiamuy Swviauasnun S1uau 5§ Tus iy sawvieau 22 § (wdl 1) Terusuoen
UanaudosmnsmussasluinageaiinmuslagldieiosfleUssausiudu dusdideudquio - fusieu 2563
ndeniu Tufintuil anuiifu gaifu wasdunused neldnvuemeduginelumsdausndoadu
'jﬂLﬁuﬂmﬂmmﬁaamwé’ﬂaqﬂsu%m (Sontirat, 1984)

44



ISSN 3027-8309 (Print), 3027-8325 (Online) MsasIve I 17 adudl 1 unseu - Tquieu 2567

Uns.g3820 D o ns.drudiuwin
< 5.

] Tansing
wiouns Tanfosinive, gml ‘0080 . nuosd
sl e

- = A
UAS. UYL apuunanad /

emy

nvy

g
s
- 5 Tanl 55y Do
o . sl ¥ =)
~ - Fune ) 2.
Un3.UMUNUU [ oo Taniii o (09
- 2 —— widos \auns «
s . =]
LUAUW et £
. wszane = =
Tonfiguains e upagniHs &
Trerans s e | URSABMAY Soe
noslvy L oo =
wsrTynudo - ' E
|, ugied . wnw <

3
3: E
A
T

—an ,
Uns.druung o\ :
forms . .
ougn_ y e——
Uns.druuvy T -
Uns.dnneuany

Ml 1 ganudlegnsvaslainawmaadluainm

e : 909 1 Uszgugiadn 9an 2 Uszguidtuvuests 9a9 3 Yszgundiuung

q

a9 4 Uszaurdhuunia 9ad 5 Usggunhnmaeuaisiagivaadluguiunlvendunesignu Smdnuaswuy

v

2.2 NI5ENARAULYRIUTZIINTUAINAEDY
v a & o ' ) aal o w | & P v
ﬁﬂ@]@lLEJULEJ‘\HﬂG]'JEJ‘EJ'WQI@EJ@@LLﬂaQGﬂM?ﬁ‘UEN Kumla (2011) 'LI”WYJEJ'EJ’N‘LJarlﬂ@IL'Via@ﬂV]Lﬂ‘UiTUTJ@JiW

wdnusnaaeaiumsliiidminyssana 0.5 nf thaumsiisinugdne Absolute ethyl alcohol 910t
ihluiuligamail -20 ssmwadoa tiosearnfldulessds Proteinase K/Phenol-Chloroform AiduLe
souailanaldnnieBoriulathluiaviinamsue uazasnaeugmnm inuenaduuas 260 nm uaz
280 nm Tngldia3es spectrophotometer wNdnsdM 260/280 nm fiFUszanm 1.7-1.9 wanahdduie
AFdudauami iuidueiivdelifonmgfl 20 sswnwaifea ilelilumsdnudusiely
2.3 Twswasdmiuldluufizeransiena

Insiwefliluliizenesiedd Wulwsweduuia 10 wa feenuuuuazndnlag Operon Technologies
(Alameda CA, USA) $1uau 12 Twsie$ Tnglnswesivardifulwsiwesuuudy (Random or arbitrary primers)
nagoum nswesunzaulaedegidueiataldanuainamdesis 5 Usswnsdes 9 az 1 1l
duinafidue luujaser Per Tnedlnawes afias 1 Twswes it 12 Twswes donlnswesivhlviAauny
Msweiilmnudaey fsnnuauidueiimnzan ausavidils uaslienumainuans (Polymorphic)
lnswesaanaluldlunisyia RAPDs fingerprint Lwammaaumwwmﬂuawmawuamsmmﬂmﬂmuam
Tudnirdsioly Felwsiwesiilinaaiiavenazifinuoutuediedanu i 5 Ysewans fdwau 9 nswes

(5199 1)

a5



N3an5ide T 17 adudl 1 unsau - Tquieu 2567 ISSN 3027-8309 (Print), 3027-8325 (Online)

M13199 1 drduiiandlelnanldlunisfine wazgaumaiilunis Annealing (Ta) vaslwsiues

7 ]
9 @

No. Primers Nucleotide sequence 5 —> 3° Ta (°O)
1 OPB-07 GGTGACGCAG 37
2 OPB-10 CTGCTGGGAC 37
3 OPC-02 GTGAGGCGTC 37
4 OPC-05 GATGACCGCC 37
5 OPC-11 AAAGCTGCGG 37
6 OPC-13 AAGCCTCGTC 37
7 OPC-15 GACGGATCAG 37
8 OPC-16 CACACTCCAG 37
9 UBC122 GTAGACGAGC 37
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among populations: HT) ﬂ'wmwwmﬂwmamwﬁ’uqﬂﬁmaﬁamUiuﬂizﬁmﬂi (Nei’s gene diversity within
subpopulations: H) ANANNLANANNNATUENTTU (Coefficient of differentiation: G.) AINTENEMNEU (Gene
flow: N ) Tngldlusunsu Popgene 1o59u 1.31 (Yeh et al., 1999) A132EENININTUGNTIN (Genetic
distance) Ingllusunsa NTSYS-pc 2.1 wagaseunuinNuduiusinedinuIng@ieds Unweighted pair
group method with arithmetic means (UPGMA) (Rohlf, 2000)

3. wamsmmaumﬁmmﬁwa
NANSANIANIVAIIVNEMILGNTIIvMNAIMABNEmATaFlefiA :nmsiLUTuAE e
gasanamaewinn 5 Ussrnsdes Tagld 9 lwsied Ae OPB-07, OPB-10, OPC-02, OPC-05, OPC-11,
OPC-13, OPC-15, OPC-16 waz UBC122 WUTUIAYDILAURLDULD 9851174 200-2,500 ALUE (7N 2) nuwau
Msweromun 97 wou § 95 wau u Polymorphic loci ¥esay 97.94 31 Polymorphic band 98521
Souay 46.39-81.44 (51971 2) Tenunndudlewieuiisufunansfinwives Kumla et al. (2016) finw
ANUVAINVAIENNRUFNITUVRIUAINAMEBA Mystus nemurus (C & V) ‘Luﬁjauﬁwgu Jwminanauns nuwau
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Aduerimun 49 uau 1 23 wou i Polymorphic loci (46.94%) Siva$iEus Polymorphic band agENing
51.11-69.77 Woswua mummamauﬁLSuLaﬁWUﬁﬂJmmagiwﬁN 300-2,500 ¢ wazaenAzadiu Kumla et al.
(2012) fiRnwAImaInaeNeugnIsIvesUanamdsdlulssmalnelagltinada RAPD Tngldlnsies
e 7 Tnsaed nuwauidwertovue 83 uau fieddud Polymorphic band 96.39 Wesidusd Faflen
TndifeailewSouiiouiunmsanelundsd Inswestiundlunsinuily polymorphic band $1wauan
Tneflilosidiud polymorphic band 8gse1i19 46.39-81.44 LUpsLduA JeflnuandRvnzaudmiunisiiu
Gnaiduerlinadldaunsaasuanuduiuslussrinengudssvnsld

A5199 2 Suuazilasifudvas Polymorphic Tuslagrsuannawidasluaniinm

Populations Total number Number of Percentage of H
of band polymorphic bands polymorphic (%)
A 76 63 64.95 0.24
B 72 45 46.39 0.18
@ 82 55 56.70 0.23
D 88 79 81.44 0.32
E 88 74 76.29 0.30
Total 94 95 97.94 0.37

(Y-

W1g¥a7h 9a B Uszaurdiuvuasds 9a C Uszgurtuuiviu
t%

urthuung 90 E Ussaunuininauaianazinaasiiguiunlusignnasignun Jsninuasnus

2500
2000

1500
1000

500

100

i 2 RAPD patterns vasUannawidaslneldlnsiuas OPC 15
wanewn : 90f A Uszging¥aai gail B Uszginthunuasda 9ail € Ussgitiuuneny
nfi D Uszgiinduung 9af E UszgdnthrimeudnsiioglvaadlugusitTusiisunosnamus Sadauaswus
mﬁmeﬁmm’]wa’mwmwwﬁ’uqmmmaaﬂmnmmﬁaaﬁy’q 5 Usya1nsees NUALMAINTAANY
MaRugnIsy (H) zjdqmiuﬂizﬁv’mﬁﬂizaﬂfmwm 0.32 LLazm’lma’mwm&m’mﬂ’uﬁqmsuﬁ’]qﬂuﬂismﬂi
ﬂiz@ﬁﬂﬁmwumﬁq fienwvinfu 0.18 (M15747t 3) AIAINTAINAIERUgNITUIAE TN (H) vosUszwns
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Uarnamdes Sl 0.37 uasfidanuvainvanevnaiusnssadenislulszins (H) Wiy 0.26
AU (1571971 3) donmdasu Kumla (2011) AnwinisAndenwe-wiuguainawmaas (Mystys nemurus)
lngltinatln RAPD ISSR waz Microsattellite lnefinwlassastameaiugnisuveslanavioslulssmelng
4 Yszwnsgon Hun Wosme 193 veuuny uazasan Tneldlnawes RAPD s 7 uuy eraramannviany
meugnssy (H) fiA1egszndng 0.115-0.309 AmnuuanAamaiugnssa (G, ) wazAnsanewmiu (N ) 5o
flu’wmmﬂﬂisﬁmﬂﬁﬁml,viﬁu 0.46 4y 0.58 MUAIAU NMITNATILVAULANANNIINUTNTTUYRIUAINAWERS
Tudnir $1uau 22 2 5 Usernsges Tneldlnawes $1uau 9 Inswed wuearuuandsnsiugnssy @G.)
yossznslanauionts 5 Ysswinsges ey 0.29 uazAnsdiemBy (N ) sswineUsznsilen
Wity 1.22 sudndu (sl 3) GaflenlndlAsafuaiddeues Kumla et al. (2016) Anwimnumannyvatevng
fugnssuvesUanamies Mystus nemurus (C & V) luowigu Sminanauas Feidniseemduwiniy
1.60 uagfiangadioisuifisuiuaiadores Kumla et al. (2012) FsdidnisdromBusiiy 0.587 atanmg
fnumsdremBugdlunisinuluadediorainangriidasfarnmisgiismanslduntdnieuiiiess
Uspgrmmstuuififinelinussgitossuei wasitulavatlawiliusssnsuanauiowusasqaiivhns
Fnwn annsawndeuieluinuaiuszninasznnsld vidoorainanmstowBulpeuyudlunisindeudng
gniugvidorewsiiuuailudeduniasiiui

M15197 3 @19UlIAGLaNAYaLlNILES RAPD 19 9 WUU AIULANANNINWNUGNTTH Uaz
Tassainameanugnssuvasmnuseynslugiing

Primer codes Sequences (5-37) HT HS GST Nm
OPB-07 GGTGACGCAG 0.46 0.30 0.34 0.96
OPB-10 CTGCTGGGAC 0.38 0.22 0.42 0.69
OPC-02 GTGAGGCGTC 0.31 0.23 0.24 1.50
OPC-05 GATGACCGCC 0.33 0.24 0.26 1.40
OPC-11 AAAGCTGCGG 0.35 0.26 0.26 1.36
OPC-13 AAGCCTCGTC 0.31 0.23 0.26 1.36
OPC-15 GACGGATCAG 0.33 0.23 0.29 1.19
OPC-16 CACACTCCAG 0.36 0.26 0.26 1.36
UBC122 GTAGACGAGC 0.43 0.32 0.25 1.45

Average 0.36 0.25 0.29 1.25
Overall populations 0.37 0.26 0.29 1.22

IINNTIATLAATLELM NN TTHVRIUsEMNSVRAINAWADdlwa 1IN 911U 5 Useynsdes
WUBYIENIN 0.132-0.341 (157971 4) TneUszvnsuainamdesnimssesyinamaiugnssutosiign toun
Uszrnsuseriitnuuneiy dudseinsuseguinmeudanaeivaaslugusinlvangunesignun 3awmin

UATNUY FILASEEENIINNAUTNTIUNIAY 0.132 UazUseansfidanssesnamaiugnIsuuniign lawn

v
° o =

Uszmnsusehgdadnuusznnsuseguiinuuig IA15eegrian1aiugnssuwiniu 0.341 (AN5199 4) Bedieh

U q

$iA1#137n (D = 1.00) wazdiAnszagyinanaiugnssuiiindifisaiunisfinuves Leesanga et al. (2004) Fafnw
AumaInvaen1eiugnssu Tudainamies 9 Ussrinsmemaiia RAPD 5189 uindAnssagyinananugnssy
9g581I19 0.087-0.283 Uay Kumla et al. (2016) AnW1AMUNAINUAIENINHUGNTINVRIUAINAMNGDS

luweuiigu Jwinanauas 31U 3 wa Mmewalln RAPD 5180UI8IAN T80 Ien1eiugnssuegsening
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0.05-0.10 uagaenARIfy Hanpongkittikul (2017) ﬁﬂwﬂﬂiaa%ﬂqﬂimﬁﬂiLLazmmmmwmwwﬁuﬁqﬂssu
geanamEsarUanasesunwlugiim Tneldmadalulasusmvaladinswesstmun 6 sume 1eud
Hw04, Hw08 Hw25, Hw26, Hw32 uag Hw35 1nN1SANYINUINENA1TEEEIaNIaTugNTIN 8g58nIng
0.1077-0.2395

M19199 4 ANTTELUININUSN TNV TEYINTVRIUAINAmER s ludUIN

U5e1ng A B C D E
A 0.000
B 0.323 0.000
C 0.341 0.287 0.000
D 0.267 0.258 0.185 0.000
E 0.270 0.256 0.216 0.132 0.000

nuewn : 30 A Uszangiadn 9a B Useaurtiuvuests ga C Yszgurdiuunviy 9a D Ussaurdiuung

20 E Uszguiuin

e

1mauasnaglnaadlugusiunluandunasinnun Faniauasnuy

Lﬁaﬁﬁa;ﬂam’lwmﬂwm&Jmaa%udauﬁlﬁma (DNA fragment data) 1N3LATI8RSEHLYNMIRUTNTTU
#1875 Nei’s genetic distance WazlunIn Phylogenetic tree (0wl 2) felusunsy NTSYS-PC version
2.01 anunsaudseentailiu 2 nau fe ﬂ&ju‘ﬁ 1) Uiz@ﬁﬂaﬁmﬁ (A) LLazﬂEj:uﬁ 2) Usz@ﬁ’]ﬁ'wuwumﬁa (B)
ﬂix@fwﬁmm@' © ﬂiz@ﬂf’]ﬁ’mmﬁmu (D) LLazﬂifoﬂgﬁmaudN (E) a&hqﬁmﬂunejuﬁ 2 @nnsauuale
Ju 3 nguges Ao 1) Uizaﬁwﬁwumaqﬁd (B) 2) Uiz@ﬁﬁﬁ'ﬂumv‘j (©) waz 3) ﬂix@f’]ﬂmuwm (D) way
‘Uiaﬁmmﬂiz@‘f’lﬁwﬂ‘"ﬂmaué’mﬁaxiwaaqiﬂg_jLLﬂﬁ;ﬁImﬁa"ﬂLnaﬁm‘wuu TIRTAUATINUL (E) 9INLHUAIN
Phylogenetic tree (AW 2) WU’j’lﬂizﬁmﬂiﬂa’mmmﬁmﬂizaﬁwﬁmmmu (D) fianulndBaniaiiugnssuiu
‘Uﬁxmmﬂa’mmmﬁaaﬂﬁzgf’]ﬁwrﬁmauéwﬁ%iwaaﬂﬂéLLaiﬂfﬂm‘ﬁ'é’wmaﬁmwuuﬁmi’mumwuu (B)

A

0.30 0.26 0.|22 0.17 0.13
Coefficient

AN 3 WRURIAUFUNUENIWUINTTUIAET UPGMA
vassEynsuanamaadluaiim

P %

e : 90 A Usegugiada qa B Uszgundiuvuesds 9 C Yszgudiuung 9a D Usegurduuiviu
0 E Uszgunhnmaeuaisnaglnaadluguitnlvendunesignun Sminuaswuy
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4. &3y
Tun1s@nwiasalnudnaInawmieanTIusiuenn 5 ngudieene laun Ysegungsadd Useaun

q

v
' '

Sunuasda Yseguituung dseginthuunen wesUssgintihineudsiierlnaaslugusiinlusiisne
Tudniri Tneldmadia RAPD agulddsd Yssrnsuanamdedludnhiddnumsmatugnssuuandeiu
Aoudnei dunnldainAinumaInuatenIaiugNTIL AIANULANAIINIITUGNTTY LagA1TEEE N
NugNIsu mmwiaaiﬂﬂ'swuamwuﬁﬂuaqﬂmﬂmmaaqm 5 Uszans towlu 2 nqulug) 4 fe ﬂam/l 1 Usumm
a¥end waenquil 2 Ysegindhumuesta Ussguindhuung Yssguthuunana LLavUiummmﬁmaumq Joya
flFnnsfnwasfudeyafidrdny dwiunsuimsiamaninensuanauios sidufunamedeaiie
ilugmaannisidssianaudedudanded Wudeyaiugiulunisuiuugeiug uasiienseying

Uannamaedtuanineastulusuiam

5. ARRANSSUUSENIA

v
o A o

miAfeadsiidifagaadluded feenuatuayuanyanavatsine didelasvensuveunsa

4 @

HHerans1913d afmy) a1 819138UsETRuEnINeINTsIINNR uninedumalulagivusnaday

q o

INYVRANAUAT VI‘U’JEJLLfiﬂ,'?J wagliAuzin "Uﬂ‘ﬂWI%QWU3Q8QUUUMﬂﬂJﬂWWMWﬂEN‘ZJ‘H
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Effect of Plant Growth Regulators on Micropropagation of
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o & v Y A v a A | v A a v & A 8 A |
Tadunssalinnlasuanufisunnigatunguliiv Wesnneeniinnueaisay dnduiguisiyad
a @ . , g o ) a I v a X
wniian ¥1 Nymphaea ‘Aurora’ \JulauSegnaan aenfivunadn wazlvinenan maluladnisimiziaes
X oA o~ ° o A PRy Py a Y A o N -: av
Wabefiwgnihuldlunisveneiugiivieliladnyae insswmuiuduasiiuduiuliegnesingy vuidel
Tingusrasdiiefnuisnisvensdeiminganveunituareonsou NavesaIAIUANNITRSYRUlARDNTS
dninliiingen 510 waznistnibiisuaada luanzUaendeuue msdauasizigns MS wuuiwula uaz
WUURIWMIIWAIEIsNMIzIassszuUlule oW asWUUTINTIAT1A (Temporary Immersion Bioreactor
System, TIBs) Wu31 on1sens@etudiumitmeasarareluioulaluaaalsi 10 wWeasidud uiu 20 undl
v a a s ¢ 2 & A & adaa a a PN v
AumepasazangiteAsnaaalsn 0.2 wWesdud u 10 uil Wuisniussansnmuiniian lnefidns
dy v % aa v U 1 Qy 1 v o o

MsUasnlinsesay 100 LaLdNSIN1SIONTINSDEAY 86.67 AuUBaUANNTUAIWMINa1Nsadnieanwazlu
lAndndurengeu Mamizdsailaetiluemsimvaians MS 7dn BAP anududu 10 lulasluans
20U IAA AUty 5 llastuans meszuululesieamasiuuyiudingd wuin aunsadnieenlaunnnin
aa X o ¢ %4 & a o °
Fsiwzidesuuemsdunieikuuiuds ieseauaglulduinas iuiu 1.78 ven 14.00 Tu lusvesim
6 dUm dmiurarasasmIvANnsRsyRulasen st vAnsn wui mmiéﬁmiwﬁqm MS LAy
NAA At 10 lulastuans anunsadninsngean 16.22 510 wagHATaIENSAIUANNISRSAULARaN1S
v o o - | ' o ¢ 4 & 4aa
Fnuuaadalunisinziedudiulugou vengeu waysn vUoMNSELATIZRERNT MS LuURuds Tkiu TDZ
ALY 6 lulasluans sauiu NAA Anududu 0.5 lulastuans wuin wadediulu wardiusin fiileide

v

anwyneswIgrun g Tuus bivaunduleaads

o o w o

AdRey : UIss ansmupunsRsiule lulesienwes uaadd

Abstract
Waterlilies (Nymphaea spp.) are among the most popular aquatic plants due to their
beautiful flowers, making them highly valued. The Nymphaea ‘Aurora’ is a hybrid hardy Waterlilies
with small flowers that bloom profusely. Plant tissue culture technology has been employed in

propagating plants to achieve desired characteristics and rapidly increase their numbers. This research
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aims to investigate appropriate sterilization methods for the rhizomes and young shoots. It also
examines the effects of growth regulators on root induction and callus induction in aseptic conditions
using MS medium by semi-solid and liquid with temporary immersion bioreactor systems (TIBs). It was
found that the most effective method for sterilizing the rhizome explants involved using 10 percent
sodium hypochlorite solution for 20 minutes, followed by 0.2 percent mercuric chloride solution for
10 minutes. This method achieved a 100 percent sterility rate and an 86.67 percent survival rate.
The shoots from the rhizome parts were able to induce shoots and leaves better than the young
shoots. Tissue culture of the dwarf Waterlilies in liquid MS medium supplemented with 10 pM BAP
(6-Benzylaminopurine) and 5 pM IAA (Indole-3-acetic acid) using a temporary immersion bioreactor
system showed that shoot induction was higher than on semi-solid medium. This method produced
the highest number of shoots and leaves, with 1.78 shoots and 14.00 leaves within six weeks.
Regarding the effect of growth regulators on root induction, MS medium supplemented with 10 uM
NAA (Naphthaleneacetic acid) induced the highest number of roots, with 16.22 roots. Concerning the
effect of growth regulators on callus induction in young leaf, young shoot, and root cultures on
semi-solid MS medium supplemented with 6 pM TDZ (Thidiazuron) and 0.5 M NAA, it was found that
the leaf and root tissues enlarged but did not develop into callus.

Keywords : Hardy waterlilies, Plant growth regulators, Bioreactor, Callus

(]
1. Unun
Taguand (N\ymphaea spp.) \unssaldiriifinenasan losunisengedlndusiuieiugliii

a

Falufiwhiifyaduniign fdneamlunmsndndulinenliussduiionsd amnsoiauduiinasvgia
voslny lesanddulazsunsmainvany annsoiadnauvidosaindeudsldsuanudeuianiglusas
seuszine iuAuddsooniiiouand naiassUstmalinnudesnsge Wuiinaswgheidyarinisdesn
Wiugatuagsaiiios 1l 2561 fivana Nymphaea finsaveenuniusufuiiaesvemssnlini finsdsoen
(Lawwﬁmﬁmmq‘uamﬁa) 11w 420,983 ¢iu Aenduyad 5,810,405 U (Rodloy, 2020) U3 Nymphaea
‘Aurora’ 1Juguar@Busiuuiunansiu wietess [uthgnuauseninesgning Nymphaea alba fu
Nymphaea mexicana senfivwaidn (asz) suinwdsgyauum Tinenan Tiuiideslunsugn ludesgua
10 Feaunsaugnidssnuemsthudeuld egidlsfinunsueeiusiagisssamadeddinauu uasnandn
fiusinalldasinane maensutlymidedlsadagiiafinsantuduiug malulamamsisadodediv .Huisns
wilsfannsalivereiugioviiann lussesnadu nandailddanuadiaue fundaoelse auamd
wazasondnuaivesaeiudiaull venniSansaliuiuusmiudlelditinnsgldlidesisyaninm
suidsnafuinuiugnssy wasnsafnasifiodiundnevieasiell madwaluladmsmzidsaiode
Fsmiunisliansmuaunsaigdulanlilunmsveneiudielildnsamuiug (Masaki et al., 2016) Tng
FrsindliAnunada fuaadailduonmnaunsondesundldUiinasnnlussernasudunda S
ihlU@nwiAeafuasoongndniesssund (Bioactive compounds) Inetannzansmiegdl (Secondary
metabolite) ﬁﬁmawqmmam vWJudu (Thanonkaew et al., 2007) asmliﬁmmmwwLgaaLﬁaL?Jaﬁa
vuownsiauds dnilFldduiuslutiinades nslimeluladnmamzdeadadesessuululoiuonnes
WUUYLAAT T (temporary immersion bioreactor, TIBs) ﬁﬂgﬂﬁmﬂﬁumﬁﬁﬂimﬁumimwL?ﬁymuummi
At BsmamzidssheiidussuumsnisataBofinwuuisnlui@ Ansliomamallumamnades
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Hutraa e lilifuiivauegluomamenaen umsasnisdntvesiudis (Teanchartsakul et al., 2019)
Froudttlymludunsdasuiug fomereanudonis famunmuazansgu diunuidelingusyasd
dlefnuismanlensnie LaznavesanImuauMaaAuladonsimihnsifnseauuensiauduegis
TuleTuanmasuuurindinsm Msdninsinsn wasdniuaada th Nymphaea ‘Aurora’ Siwanisvaaes
Algaunsailudesenlumaifinumasiuseuthdmivliuiinasugiuianilldely

2. A5N1SNAABITDISNITANE

2.1 Anw3in1swensinidie

thiugeuthivgnimzdestilunszan engUssana 6 Weu wvharwazerrlstilva rafuuay
deanUsneen datudunenfumiwasendou antudmethareaiinauasinrlen thendrsauilng
Uszanas 1 viem sieri 100 Jadans) faudstudwdilildnely dreheihazenn Tnsuaosimenluariiu
2§l TNUNUNIVARBILUUGNaNYTa] (Completely Randomized Design, CRD) waumsensdont
3 33n1sveaes waznswensilesensou 3 Fansvnast uwardinisaassdl 3 81 udazenisIuY 5 Fu

2.1.1 msvlengindamd v urlueiaueanssead 70 Weddud uiu 1 und

33157 1 wiluansazaneloioulalunaslsy amududu 10 Woddus Miia Tween 20 S1uau 2 nen
WU 20 Wi musieansazatseRisnaaslsd anududy 0.1 Wesdud iy Tween 20 shuau 2 vien
11U 10 w1 (Noimai, 2012)

33157 2 wiluansazaneldeulalunaslsy mmududu 10 Woddus Miia Tween 20 S1uau 2 nen
WU 20 Wi musieansazatseRisnaaslsd anududy 0.2 Wesdud iy Tween 20 Shuau 2 vien
YU 10 W (Auuasann Noimai, 2012)

33157 3 wiluansazanelieoulalunaslsy mnududu 20 Wosus Miia Tween 20 S1uau 2 nen
W 20 Wit suseansazanelienlelupasls anududu 10 Wesidus fidiu Tween 20 S1uau 2 wien
U 10 Wi

2.1.2 msvlansindasenseu thuensouutluesausanesead 70 Wesius ww 30 Juni

33157 1 wiluansazanelodoulalunaslsy mmududu 15 1Woddus Miia Tween 20 S1uau 2 nen
YU 10 W (Auuasann Noimai, 2012)

3337 2 wiluansaransluieulsluaaslsy rududu 10 Woslud Mkin Tween 20 $1uau 1w
2 80 U 15 Wil (@akuasann Noimai, 2012)

3357 3 wiluansazaneloieulalunaslsy anududu 10 Wodus Miia Tween 20 S1uau 2 nen
W 15 ufl susheansazanslienlelunaslsy aududu 5 Wesidus Mifin Tween 20 $1uau 2 wien
11U 10 w1 (Noimai, 2012)

vhgugudildann 2.1.1 uas 2.1.2 retrehnauiiteinge 3 ads uuadias 5 Wit udFnhludes
vuomnsiaudegns MS flgamgdl 25+2 ssmwaidea Wuasdunaudunas (PPFD) 87.34 pmol/m?’s 1
han 8 thlusedu Tuiinnanisuaonide wazn1ssendin ndinsinzideadunan 2 dUand

muaesiuinissentinaingns

UITUdUNUasnauazdddn x 100

wWoesludnissendin = S T —
FUIUTIUdN TN IUA
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2.2 AnwansaduannisRsyauladanistniinisiiagen
2.2.1 MUNUNISNARDY
TNUNUNTVIARBIRUUENANYSA] (Completely Randomized Design, CRD) \ieAnwdvsnavesans
mugunsydulafiinasemsdnihnsiasenluanwlasaide %%‘mswazL?iusmuuamwsﬁuvﬁqqm MS 7
WAY BAP ANuudu 0, 5 waw 10 bulasiuans sauiu IAA Anuudu 0, 5 wag 10 hulasiuars (Noimai, 2012)
wagdinsuneiasduomsmarssuululesienmesuuuriudans qmmmiﬁﬁisﬁumml,%wﬁwmﬁu
6 Awnans udavdmeandd 3 91 udazddl 3 Ty
2.2.2 Foaniiuns

2211 thiuduniuazeensouiivaonite wangaquuawmiﬁaLL%ﬂqm MS Fiiiu BAP 21
Wudu 0. 5 way 10 lailasTuand saufdu 1AA amdadu 0, 5 way 10 TilasTuans wsiudheinnauilsinge
J3ums 50 Haaans

2212 thiuduniuazenseuiivasnde wsdsdlusyuululedenmasuuuriudnsi
Lﬁuﬁ%’msmwL?’{wLﬁaL%ﬁi‘ﬁizwmﬂﬁawmsﬁmuwhmqﬂa'aummmnm wayszezaTifIvun STUU
nMsThauLuUSelulR dhuasiuumanuds ensuasiiedethuenfududesdiunatedunun Insvnuy
adradlivinuianssiurinasiignensdn wazidoudefusevieaunuaa ielifinisduemsliuazndy
froussauniaw niauyanseseInImuIn 0.2 luaseu o wnsiwaigns MS fdy BAP gy 0, 5
waz 10 TalasTuand srufu 1AA anadiud 0, 5 wag 10 lulasluand Usunes 200 fadans shuiu 3 ads
sofu Wunaiuu 1 ui

2213 wizidsuilebofigungd 2542 ssansaidea Tiuasdvaauduuas (PPFD)
87.34 pumol/m?s tHuan 8 Flusety Tuiinsnnugeniitinnuendaus 0.5 wudunstuly wazsiuuly
dloasu 6 §Ua

2.3 Anya1snuANNIsRsYAUlAfaN1sTNNISAANIIN

TNUHUNINARBIRUUENANYIa! (Completely Randomized Design, CRD) WeRnwszdunnuduty
981 NAA fitldonisdntisn wiadu 3 dmeass urazdmeassdl 3 61 usazdnil 3 3u Inensiheesiiléan
nNPaBi 2.2 mwangaauuaﬂwﬂsﬁQLL%ﬂqms MS Titiia NAA assdudy 0, 5 wae 10 lulasTuans (Noimai,
2012) viudetnduilsenideuiinns 100 Tadans insdeangligungd 2542 ssmivadea Tikasdvn
auduuas (PPFD) 87.34 umol/m?s Wunan 8 $aluasietu dufinduausn dleasu 8 dUnv

2.4 AnwansaduannsRsyuladanistniuaagg

TNUNUNITNARBILUUENaNYTa] (Completely Randomized Design, CRD) Usenausig 2 U3l
Tgun Suguilode luseu sensew wazsn WALERTEIMNS 2, 4-D S3UU BAP Uay TDZ 53U NAA Plsvey
aududusinaty 16 Ameass urardmaasddl 3 91 uiazndl 3 3u lnethdugouiildanmsiniheonuas
510 udluWNSIWMaIgRs MS fdy TDZ mnadiudiu 0, 15, 25 waz 50 Tulasluans 2NaULAIIvEIAILIE
135 sousiauni anelviuas Wunan 24 $alus dagudiluseu sonseu wazsn TivwannueUssinm
1.0 WURLng LWﬂngﬂﬂuuaﬂwﬁﬁﬂLﬁdgmi MS dia 2, 4-D Anudidu 10 lulasluans Tauiu BAP Audady
0.5 war 1.0 lulasluans wazewnsiiia TDZ eududu 6 TulasTuans saufu NAA paududu 0.5 way
1.0 lilasluand usazgusewnadesuuulinasaing fonmnfl 252 ssmwadoa dufinuaninAndnume
nswasuwamenilewe Woasu 8 dUami
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N15IATISHNANIEDR
AATERHANNEDALABNITIATIERAMULUSUTIU (Analysis of Variance, ANOVA) LagiUSauliiau
AnaBudieds Ducan’s New Multiple Range Test (DMRT) fiszsuannuidiesiu 95 wesidus

3. NANNSNAABDILAZITAINE

3.1 wanswensde

PnmswensideTuduming Nymphaea ‘Aurora’ FuanswenaiTefiunnsat 3 33n1smaaes
wutmnisnismeaes fnaremsUsendouaznissentinoaiifoddym1eada (P<0.05) lne3sTianunsnsily
Fudrumhuaeaiouarsentinunniian dun nswensidesmemsavanslnfeslsluaselsd anududu
10 Wosifud w 20 wnit mussasazatswedsneaelss Aty 0.2 Weddug uiu 10 Wi Sud
Uaonliouaysondin 100 waz 86.67 Wesud mudiu sesawnliun msrlensidosvansazaneluiey
leluaaslsy Aanuidindu 10 Wesifug um 20 Wil musisasasansmefsnaaslss Anududu 0.1 Wesidud
W 10 W7l SudulaendieunzsonTin 80 wax 66.67 wWasidus mudiu luvasfinsvlensdeseansazany
Tmdenlslupanlsyl Amnududu 20 Wosidud uiu 20 unil mussansazanelueulsluaasls Aaududu
10 Wosdud wiu 10 il Serudsonideuarsentintosiign (3333 uar13.33 wWeddusd awaiu)
(3197 1) mavensnideliithatinsg 4 Seurensnide 2 ad lesnndmaliudulaeadegduridundsiu
?z'jﬂmﬂfﬁl,uaﬁa’%maalsﬁiaﬂumsvxlamhL%aagauw%ﬁlﬁﬁimaLQWWL%aiﬂ (Ramakrishna et al., 1991) we@isn
aaalse (Mercuric chloride, HgCl) Humseiiffnuaudilunsidagdunid nsliweddnaaslssly
nsvuIuMsengge aviliAnnsanazneuvediusiu wemisnraslsizdoudefulusivlueadves
qaundd daililusiudansaasuazihlinssuiunisvessadeng 4 Heme Aanisdudueule duds
Aanssuvesevlesifdndudmiumnuedfuuaznisegsenvesgdurdd uasvhanudemevesdiudeviumad

a

un3d lndaenislusilvawazwadaneld (Smith and Johnson, 2020) agndlsinuiueaisnaaslss

q
<

Guasiisidunauvodlaveidn fdunsiededlfuazmsmiafisdeudieein Jafeddfonussings s
elsifenlilumsnensni@efinorily sndululithiithdudnumanuvanihniusssued Tnsnwztidadsy
Iuﬁumﬁmﬁdﬂau%ﬁmiUuLﬁauqﬂﬂimiimlﬁﬂfﬂﬁﬁmmﬁiyLﬁuimmﬁaﬂfﬂ (Thongpoem et al., 2020)
snzfinsliansavaneludoulalnaolsi wensdiosiuau 2 ads uanmenssidefisuusaiuludmiuih
nslfasrensnideiiienududugs videsraznau onlinsvhaedodeniy masndedweddmsmen
Tussduaududuainniigauifierlidusanededeide uadlinalumsrensnidelstioefiaavhiiiils
msazansunsnidngnnuenynusvestudLiinld (Noimai, 2012)
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A15199 1 Wasibudn1suasadianazn1ssendinvaawndtia Nymphaea ‘Aurora’ wan
e 3 35015 wazwnzideaduan 2 duand

BN msUaaailie (%) 19590370 (%)
1 80.00+11.55° 66.67+13.33°
2 100.00+0.00° 86.67+13.33°
3 33.33+6.67° 13.3346.67°

F-test * *

V% 4472 66.81

* = significant at (P < 0.05)
1: 10% NaOCl 20 min and 0.19% HgCl 10 min, 2: 10% NaOCl 20 min and 0.2% HgCl 10 min
3: 20% NaOCl 20 min and 10% NaOCl 10 min

mslengndesanseuvath Nymphaea ‘Aurora’ Fwanswenadeiiunnsnaiu 3 Fansmnas
wud ysnsvasedlifiruaneneadn (P=0.05) lasTsmawensnidesansaraeludeilalunaelsy
ANududu 10 Wesifud uu 15 Wil sumeansazaneluienlaluaaslsi mnududu 5 Wesidud wiu 10 uni
wutudiudanulasaidogean (80 Wosidud) Tuvaziinensdefvansaraslufesleluaasle
Aty 15 Wedidusd u 10 wiil Judusinssentingagn (60 Wedidusd) (M31afl 2) asifiuldases
namsenside fnaden1ssentinvessonseu msrlensi@esvevnaunurienensnde 2 At Sudu
Sunseseiioide vlidedevensoumels

A15197 2 WesiWudnsuasnleuazsendinvesgansaulda Nymphaea ‘Aurora’ Wan
1 dy ad e’l’ < [ '3
9B 3 15015 waztwIzagwluIan 2 dUau

FB/NnIg msUaanilie (%) A1550AT3IN (%)
1 60.00+11.55 60.00+11.55
2 73.33+6.67 33.33+6.67
3 80.00+11.55 46.67+13.33

F-test ns ns

CV% 24.80 42.85

ns = non- significant at (P < 0.05)
1: 15% NaOCl 10 min, 2: 10% NaOCl 15 min, 3: 10% NaOCl 15 min and 5% NaOCl 10 min

3.2 WHaYeEIIAIVANNITRIYAULAdaN1sUNYan
3.2.1 nstniniaiagenintudiumin

mnmsdnthmsiasenantudumiesss Nymphaea ‘Aurora’ uuetmsfiaudgns MS iy
ansmuRuNTaYAun BAP uay IAA fienuididus 1 luanniiuaende Wunan 6 dUami wamsvaaes
WUl ynIEMRaedimNLAnssegsiTddyMeaia (P<0.05) o1vnsAaudegns MS Mfinarsniugy
maasgAvln BAP anuidudu 5 lulasluans saudu 1AA 10 TulasTuans anunsadnuiliineendnuau
1.0 van wazdunvlugean 6.78 Tu Tuswnsiiin BAP aududu 5 lalasluans saudu 1AA 10 Tulasluans
Tuvaugitennsnaudegns Ms Aliiuasauaunisaiaydvln aeatiesiian $1umm 0.78 son (5197 3)
Wil BAP $auiu 1AA HuUfASenszwing 2 Hads Ssdidvawasautudensinihnsiinsenoeied
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o

Teddy warmsiiusiualuegeiideddayds Tu Nymphaea lotus var. thermalis (DC.) awnsaingonls
Yovay 50 WeiFsuieuiuililildasenuaumaiedyiuln Juinseniiosiesas 30 (Bldar et al, 2017)

nstnthmsinsenandudumitluemmsumamessuululedienmesuuuindins wusway
gonuazluladegegn Tuonsmadiin BAP 10 lulastuans saudu 1aA 5 lalasluand fdwnuseauarly
ladugeaaiiy 1.78 son uaz 14.00 Tu pudidy (319l 3 21wdl 1) Islamnzdunvluiienuunnsiisogig
Todfayds (P<0.01) fmswanneen lu wazfnlusraiiuldda msmnzidsaiodeluemsiaidesyuy
TuleSenmedi Vildildsuemsedradiuiiuanasyivlnldsng ausafiumaveniefenias
wnngealdd uasiluwnltilitudiuiinisedadulaldd (Sancuandikul et al., 2018) wazEanimsiziaes
ULEWNTAE

3.2.2 MITNUINTNALIAANYDATIUY
mstnihmsifngenansenseuestia Nymphaea ‘Aurora’ Uuevnshsudsiifinansmuaunisiatey

o w a

Wiule BAP uaz IAA anudadiusng q suirdlanuusnansedediteddgmieaia (P<0.05) a1mnsnauds

o

§ A o

n3 MS Tiiia BAP anududu 10 Tulasluans sauiu 1A 5 lilasTuans fidwiusenuaslundegeanvindy
1.11 gon way 5.67 U suddiu (319t 4) Indiesiuseanuves Noimai (2012) n1sTd BAP avndudu
5 lulasluans saurv 1AA 10 TalasTuans anansadninlminsenainvenssureitiaassviglainuiu 2.3 gan
melunan 6 v Nvudazyiinnouauasansnivaunsasyivlalawanseiu Avdulngisnauausssie
nsademdravieassenldmiiield BAP teswn BAP fiuszAviainlunisdniliiAneenlddeludia
vanevde fadomssiesdidasduuazviavessesluuimnrauiiandmiuiiusassiafinigides
(Thongpoem et al., 2020)
ns¥mihmsingeasarluannismizdedusmsmaisisssuululediommnesuuuriadiag
wuhensmamngasiniliAnsenliunnsiamadia (P>0.05) Tnefiduusenads 033 ven luvmed
p1nsmaiiiin BAP mnudiudu 10 lulasTuand saudu 1aA 5 lulasTuand ddwaluedegegn 2.56
(51971 4) Snvaluiiddenan wardvdndiflonsdrihudluvdoududdma sndiuldnmsivons
feszuuusinauiinatensitmuvenieieiifvundn vidnueutuagliTunnudeme eude
vstudnldannsaimuasyivindudulmild msliermsvesrhldlasuusaesmsunniivly enavild

snsmsiinduanadld WelSsufisuiumsingidedusmnsisudmuingengeuiinsasydulalatesnin

v £
] a

welimsinnziaesgengaudndufesiarsantalsuinslunisidemsimunsan ussiueind anuiuay
syeghalunsiienns dulinarenssgivlanaznisiauilunisiingeauazlu (Teanchartsakul et al.,
2019)
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AN5199 3 MUIULBALALTUIINNITINIZL RS TUEIUMIY Tuauisiiiu BAP saunu I1AA
<, o I's
wutlan 6 dunn

#13A7UANNTSYAULA (M) T EET Ity

BAP IAA Semi-solid TIB Semi-solid TIB

0.0 0.0 0.78°+0.15 1.11°+0.11 4.89+1.17 7.89°+0.81

5.0 0.0 1.00°+0.00 1.33+0.17 4.67+1.46 11.78°+1.11

10.0 0.0 1.00°+0.00 1.78°+0.15 5.33+1.58 13.67°+0.60

5.0 5.0 1.00°+0.00 1.78°+0.15 6.11+0.79 13.00°+1.50

5.0 10.0 1.00°+0.00 1.44°°+0.24 6.78+0.76 11.89°+1.26

10.0 5.0 1.00°+0.00 1.78°+0.22 6.00+0.88 14.00°+1.21
F-test * * ns **
CV% 19.80 37.36 59.99 31.62

ns = non-significant at (P<0.05), * = significant at (P<0.05), ** = significant at (P<0.01)

Semi-solid: cultured with semi-solid MS, TIB: cultured in liquid medium (Temporary Immersion Bioreactor System)

A151991 4 IMUULALAZIUIINNITINIZLALIEanDaU TuaIIsIIiAL BAP s2uiU IAA Wuan

6 d§Ua
#13A7UANN1TRSEYAULA (M) 1IN Iuulu
BAP IAA Semi-solid TIB Semi-solid TIB
0.0 0.0 0.67°+0.17 0.33+0.17 2.78°+0.76 1.78+0.91
5.0 0.0 1.00°+0.00 0.33+0.17 2.00+0.37 1.78+0.92
10.0 0.0 1.00°+0.00 0.33+0.17 2.67°°+0.33 2.11+1.21
5.0 5.0 0.89%°+0.11 0.33+0.17 3.89°+0.95 2.00+1.05
5.0 10.0 1.00°+0.00 0.33+0.17 4.46°°+1.04 2.11+1.14
10.0 5.0 1.11°+0.11 0.33+0.17 5.67°+0.82 2.56+1.29
F-test * ns * ns
CV% 31.97 142.75 70.15 152.80

ns = non- significant at (P<0.05), * = significant at (P<0.05)

Semi-solid: cultured with semi-solid MS, TIB: cultured in liquid medium (Temporary Immersion Bioreactor System)

3.3 WaYeEIAIUANNITRIYALTARaNTSENIINTSIARTIN
Mnmsnthmsiinsinansesvestivuemnsiauds MS Afiuansauaunsasyiuln NAA fin
UUTURN 9) mendsmamzdeadunan 8 §Un wuhanadssusnianuuanssiuegditeddy
Bemaadia (P<0.05) 91wnsgms MS iy NAA aududiu 10 lalasluans ansnsadnihsinedegegauwiniu
16.22 (31471 5) IndiAssiuesuwes Trang et al., (2021) Msdmhsnandudausontanauasee g
gn3 MS 7uFn NAA 5 fladnfusiedns ansnsadniisnliaean 18.7 310 wazitulfisniusiesuves Hossain
et al., (2008) WUI1BIMNTGAT MS RN NAA 1.5 fladnSuredns a1nnsadntihsn Stevia 13.80 snaediuau
dofinsandnuaizsin nuinisdniisnluensgas MS iia NAA asdidu 10 lalasluans sinfidnwas
auysaliian lausndidider vaesndum sinenuazudauss Tuvagiinsdniisnluemsgas MS fiiia NAA
anadiudu 5 lalasTuans snildnuaindn eruuardu Tuensiiliiu NAA (nwdl 2) ashilddnnsdnihen
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nvealunavaInuduiureseenTulua M snnziaes F9eanTulNalun1SUUITad N1SVLLVUIAVDAIAE
nsgAunsaiagemilinvessin uendnilduegivviinuasiiy ergvesiudiuilodoinsy 0onBunusssuwa
oIy Lazrinvateanduniunld (Sunian, 2004)

A131971 5 FWIUTININNITNISEBYUEIUEIAULDIMITNIUVIGNT MS Tiiu NAA 1Tuan

o/ 4
8 dumn
NAA (uM) FIUIUSIN
0.0 7.67°+0.87
5.0 10.44°+0.71
10.0 16.22°+1.11
F-test **
V% 39.18

** = significant at (P<0.01)

; ) s 3 \ - —
BAP 5 uM + IAA 10 upM BAP 10 pM + IAA 5pM

—— =]
BAP 5 pM + IAA 5 uM

2M¥ 1 nsiinganvasta Nymphaea ‘Aurora’ainnisiniziassiiledaislulasiaanas
Tuamns MS Mdu BAP sauiu IAA Wuaan 6 duandd
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Free Hormone NAA 5 uM NAA 10 pM

AT 2 NSIAATINYBIU2 Nymphaea ‘Aurora’ 31NNNSMANELAYNLUBLED
UUBIMNS MS LA NNA A52AUANUTUTUAG 9

3.4 WAYRIA1IATUANNITWIYAUTAdaNTstNuAAGE
msthdugeuiildannistnihsenuazsn wiluemsivangans MS fifin TDZ Aududu 0, 15, 25
war 50 Tulasluans nsuwedesngiauidy 135 seusiewnd annelinas Wunan 24 $alua udaihll
wzAssuumIRdeges MS fifu 2, 4-0 mmduduy 10 Tulastuand faudu BAP et 0.5 way
1.0 lulasluans 5o TDZ Aanuuduy 6 lalasluans sauiu NAA anududy 0.5 wag 1.0 lulasluans unag
g_jmmm‘iL‘WW3L§8ﬁ1uaﬂ1351ﬁ’LLana’jN LﬁamgjmmwriﬁLumzaﬂumisﬁ’ﬂﬁumaﬁa 1AN1TNAAD
wumsidsuuasiviuduthfnededuomsgasine 9 luidnvasihunedifer weendueadidn 4
awdeshmavinalufifafuAvluudrddsududslumsmeiasdesnisurluetmsmaniiy TDZ
25 lslasluand uavimneidosunemsidiu TDZ 6 lalasluans saufu NAA 0.5 lailasluans dmdumsinesides
onsal NUNSUANEERAdeImans TuannymsmnziEsslnonsurluewnsmeniiy ToZ 25 lalasluans
waznzEssue iYL TDZ 6 lalasluand 3y NAA 0.5 lulasTuand wazomsidy 2, 4-D 10 lailas
Twan$ sauifu BAP 1.0 lulasluand dhunisimnzidessn nuirsnfmnsdsdasnisurluommsiandiliu
TDZ wazidiu TDZ 15 lulasTuand wnzdssuuemsiiy TDZ 6 lulasTuand saufu NAA 0.5 lalasluans
Fudusniimsasuulasdidnvarneuasiaige (M 6) Wothluwassinidnswasundasdnuaenes
winioiboudidestondesganssaifidives 100 wh (10X) wunguisadidnisvesvuialngy
Fadwiledonid i (undifferentiation) Usznaudewadnusulaun (parenchyma) iesognaiien
(M0l 3 (9) waz (1)) Nsudeenuazsnlusmnsiuas MS iy TDZ wenisdniuaada Jumsnseduliisad
Aan1stas osnlelalefudiosinsveiesveasad Insanunsovenevwinvesnilealumad viliead
el neufwadazinuninduweada Sesvznamostunouiiuegivatrivemoadode wavanm
mawnzdss eglsfinutudiuedlu annsaneuauastenisdnimes TDZ uway NAA NauwaaLan 9 fiAndu
Uinadiuiinsessin Wuuinaifidodeniy wadimsiiui (active cell) wavutawadgs esanuiim
soudnfinsnevaueioasing q Wieuuinadu wasiinswandeuigldfinineaddnslu (Noimai, 2012)
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AN5197 6 N1STNULARBFHIINTIU 8BA WaZIIN wiluIMIsWia? MS Mky TDZ w1staes
YUBIMNNS MS MAY 2, 4-D 9uNU BAP wag TDZ 39UnU NAA 7iseauanududy
1 < [} I's
A9 9 lWuan 8 duan

Liquid MS Semi-solid MS (uM) Callus induction
+TDZ (M) 5 4p BAP young leaves juvenile shoots roots
0 10 0.5 brown brownish yellow brownish yellow
1.0 Light yellow black brown
15 10 0.5 brownish yellow black brown
1.0 brown brownish yellow yellow
25 10 0.5 green brownish yellow brownish yellow
1.0 yellowish green shoot yellowish green brown
50 10 0.5 yellow yellowish brown brown
1.0 yellow yellowish green yellow
TDZ NAA leaf juvenile shoot root
0 6 0.5 yellow yellow swollen greenish black*
1.0 yellow brownish black brownish yellow
15 6 0.5 green shoot yellow swollen green*
1.0 brown black brown
25 6 0.5 roll-puff greenish black **  shoot yellowish green brown
1.0 yellowish brown brownish black brownish black
50 6 0.5 yellow yellowish green brownish yellow
1.0 brown Yellowish black brown

A7 3 Mstnduaadaandudiulu (n-a) wazsin (:-2) uazilawanmeldndesganssel

ANa9ue1e 100 win (10X) vurnawna 100 lulasunsg
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4. &3y

1. mswnziEsaiedoth Nymphaea ‘Aurora’ TnTudiuniuareanseu wui1 Judiumi
Hudufianansataensnideriieldldidodevsendoldfinieendou msliasavanslndeulalaasl
wavansazaneieAiinaaslsd B swlendndedifiusyAvsnnaiian

2. mawedsduonsmamszuululeieamesuuuviudansm (TBs) aunsadninisfnsenld
gamiEmamsissuuesiadduonmsgns MS fiu BAP 3wty 1AA Tussezia 6 dUani

3. manedssuuomnsiudeiiin NAA mmdudu 10 llastuand aunsadnihnsiesngsan
nelusgezian 8 dUam

4. maweidsstuandusaranuuonsiadsiitn TDZ s NAA wunduisadiifinnsuens
aunlvgindu udldimunduunada

= a
5. anAnssuusenA
MmATelAsunuatuayunIiRuTIveImans Iouazuinnssu uingndemalulagsvuenasyys

o

=

eldnamudaasiineaans Jeuasuinnssy Yssddeuussuna w.a. 2565
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(Cnidoscolus aconitifolius)

Product Development of Ravioli as Substituted Water

with Chaya Water Extract (Cnidoscolus aconitifolius)

dtlunn gunundne* Agyinn duznatefia NUNIIIA WIAKRY LA W WIYASYYA
Sineenart Suktanarak*, Pinyada Manakulchaikij, Kanokwan Nakngoen and
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Faculty of Science and Technology, Valaya Alongkorn Rajabhat University under the Royal Patronage
Pathum Thani Province
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(-7} 1
UNANYD
aw A& ) a o ¢ a5 A o Py f ¢ & a5 A
et dunsinsandueisiledaanineie lneiliingusvasdfe Anwiansnugusiled was

= o 5 o S | a o ¢ a5 a o o = = g ]
Anwimathiidnmelunaunuiialusdnduansiled dmiumsfinuasfinugasiugiuiovun 3 gas
WU gregeuniaUszamdudalvinzuuuniseeniugnsi 1 avgn waeniuiigasi 1 indnwiuTunu
Jraenweumawnuduanlundnsuaisniled lnefnwsnsidiuseninsindaiseindneen 5 snsiaiu
A ORsEINsTRINULUaweUINNY1eY 100:0, 75:25, 50:50, 25:75 wag 0:100 8ms1@IusewInauUan
ADUNNNYILIN 5 SEAU Qﬂﬁwmi’mm?ﬂ,mmﬁaﬁuﬁa TAgHANITNAADY WU SRALUSHIUURNIEUINTY

| Ay aa & A £ | b v a v o <
weunUesNediaududdenunn Ty dwealviulluuan a* dwwiluuanas uenandaianuuds (Hardness)
a v v A P} a | a5 A P Y | |
fuwilduanasniy WewSeuieua Hardness 989uU457173108n0UALLATHaIRY WU31 A1 Hardness wag
AmAdEdng (L) wlinalednaewuidatdesniineusy wazinaaeunislssamdudalinzuuuniseeusu
mMalszamduladndsenitdiladaindnnend 75:25 uniian
AEnARy : 913108 AnYen nARSTEIMNS

Abstract

The development of ravioli from Chaya water extract is this research. The objective of this
study was to three standard formulas of ravioli and study optimal amount of chaya water extract
which will be replace water in ravioli product. The standard formula was selected by sensory
evaluation. The result found that most acceptable formula was formula one. This formula one was
selected to study the effect of chaya water extract substituted water in the ravioli product. The ratio
between water and chaya water extract at 5 different levels were 100:0, 75:25, 50:50, 25:75 and 0:100.
The sensory evaluation found that the most acceptable the ratio between water and chaya water
extract was 75:25. The 5 levels were analyzed to determine color and texture. The result found that
the ratio of high value chaya water extract will affect the ravioli product. Ravioli product became
green color and decreased hardness. Comparsion between raw flour and cooked flour of ravioli, the
hardness and lightness of cooked flour were lower than raw flour of raviloi.

Keywords : ravioli, chaya, food product
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1. umi

573184 (Ravioli) iusmsUszsiavmad Feguiesmnadazutsesnidu 3 nauilugj Ao mnadn
by wiaduduenn waswiadldld Fenileadmdunaieiavisiiuuuuldld Tneduutausiunis
Usznuity wagvioldlitndly daudsznevvesutssiiledsgiunanutiand deilusiunguaudussdusznou
Genguudnuandifiay Ao evudanauiud udun aniadula (Dough) uenaindudland
Hudulsznoundnuda s1ileddsdidmuszneviidndy Ao lWliuasindnde dutlhiledinudmg
Tnvnnsreunetes frdudteianuteTlealndandmslngunsinniu Sedimsdidnene (Cnidoscolus
aconitifolius) vieaztidingln uldlunsussgndlunmsvimansusiutesiled tnsdnuenduingAuiinld
nmesssud udnituthuiifisanid dsludnneivsznevluseinfesay 85.3 Tusfufesay 5.7
asluleinsniesay 4.2 loonsdosay 1.9 1dhfesas 2.2 Tusuferay 0.4 uenani dasznauludeussng
Ae 9 e Inuvaden 217.2 Jadnsy ural@on 199.4 fadu eawensa 3.9 fadnsu wan 11.4 Jadnsu
mfiud 164.7 fadnsu wazualsTiuess 0.085 fadnu (Kuti & Kuti, 1999) feuiseiiinanemnliussTons
TuB991915 WU MSHRLINER A auninalsad1I91nRINY81 (Wattanachai & Sutanarak, 2022) NMSWRILKNER
wihilon Taerhendnanenumeuwnusluvsiilen lé’Li‘]umﬁmﬁm%MﬁﬂmL%aqsumw (Chompuja, 2020) Waz
msiaLRanSugayulnsen (Pajonglert et al., 2019) Wudiu

nndoyaierfulsrlvmivesnuifeiifedostuinmefindriun uazdslimunsinidngen

v
=

W dundndueisdled dnlumiAdeifdiingUsvasdiiefnugnsiiugiusiled anduihgnsiilasu
nsgausuNUsraduagegaunAnwivsinanhdnuedenun N mkasU s MU anEe S
wlasniled

2. A5N15NAaBY

2.1 Fnwngnsiugiuvesnindaainiled

fnidengmaiugiusiled 1 gus nisnun 3 gns feil Tnegnsdl 1 Vsenoulude uthaBeiunysyasd
Yovay 66.57 Wwliferay 6.66 indeforay 0.16 uariifudosay 26.21 daugnsi 2 Uszneuludoutleand
awnUsvasdoay 64.10 [Wli%ovay 12.82 lWunsdesas 4.36 thiusrinsesas 0.77 waztiiudesay 17.95
drugnsf 3 Usznaulufeuthandeiunussasdfonas 61.73 lulifenas 30.86 vdusrdnfesay 5.14
\ndederaz 0.21 wasibudovay 2.06 dwiutuneumssiled fe thuladewnyszasinaniulyla
dusiduasinde wdldindumuadluiiasden des q winudaudnmaudiu fnudaduszezian
1 dala wdhuuade vhintsudadadudey feuas 50 n3u udlseutlnauuasifouuds ol
Aniu Sauddliduuuusioniodauti lneusuaumnuieaaiedautaduanues 1 uasusulndu
YUIRLUDS 2, 3, 4, 5 way 6 muaey aglaudeiidnvarun mﬂﬁuﬁmLLﬂq’LﬁLﬂugﬂmqﬂauimaisﬁﬂuﬁmﬂﬁﬁ
vaduihugudnas 4 wudans thudsdidaludiluhidendussesnm 3 uiit wdwinduinluduby fae
Futlesilod

dnsunsruaumaildvessniled awthutlerlodvs 3 gus wsield Tnslugnsldasusznouludae
Anlvuosay 44.84 wisllvuTaynazidensevar 1.35 veawsaaaiosay 44.84 uavlilnfesay 8.97
Tudunoumshld fio thifnluusnvhilfasden wdniludnfuueasisanda msdodauarivld felddsu
wagn wiwinlddne Winlmbu whihindududounssnon Tagliibwiinegiiteuas 15 ndu fagldldves
573108 uavtinAndueiiildumaaeuntseensuIUszandua
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2.2 AnwwavesUSunaniinmenildlunisadnudenles
TudunoudBuanmswisuiidnyen Tnethdnmemndiniiu e vhanuazern wdaludy
Tudifen Wusvavnan 15 il udnhlvudludndy udadnduldasdin ndminiuinueniiduudsnnay
fudaugrduliazidendoniedy Tnednsiduseninsinmeasindar svedeuliaududy
Yeuhiinnenisesay 25 Wetuadaudr vhnsnsesidnmendeiennuns tidneenitldunsinsane
Sasrduimnvansewinsihdnmendernanildlunandusisiiloanmun 5 snsidu Ao shsdusewing
thiandethinyend 100:0 (gnsniuaw), 75:25, 50:50, 25:75 wag 0:100
2.3 MINAFIUNITIBNIUNINUSLAMNEUNE
yn1smeaunsonuasramdudagnsiiugiusniled uargassilediindnmdiussning
dhdendnmeniisnandiuunnsiaiy Tasiedvisiloanieususeamaidiiasy waasuiugvagey
meUszamduiianlsisiiunsiindu (Untrained panel) $1uau 30 Au Tnenadeu 2 91 medsmsliazuuy
ANTBULUU 9-Point hedonic scale test @siazuuy fadl 1 = "Lmjaumm‘/’iq@, 2 = lydyauuin,
3 = ldwaulunans, 4 = Lilweuldniles, 5 = w9, 6 = veuldntey, 7 = vauliunans, 8 = ¥aULN Lay
9 = YpuINTign SrsnaaeunninuLEdnuuEUTINg 3 nAu savR eduda uazarureulnen

2.4 msmseiaunwulsiled
mnnwinunmuiiled axnneaeuntailedildanmmaasduided 2.2 Tnsasasaaey
utlesledlu 2 sUuuu fo ullas1iledndsliiunsdu wazutssileankunsiugnudr Jsiinmsnsraaoy
AAMA 9 Foll
241 mennzianiloduda
thurusloaTslsisiumasty warlildldldinGosdoutu 7 wiu Tinmeiandeodudadueuuds
faeuAdes Texture Analyzer 3u CT 3 (Brookfield Ametek, USA) lagldwaiansenszuen dauin

durugudnans 12.7 mm. fannzenudilumsindeuiiogh 1.00 mm/s neasluiduszeznia 3 mm/s®

fodndodudautsnTlodfiunsuudeatuutsTledddilinunisiu Tasvhnisingasas 10 61 uay
WALaaY
2.4.2 NM5IATITHAE
thushusleanddldiunsiuuazliildldldnindnd feliiadosind Colorimeter fu CR-10 Plus
(Minolta, Japan) Fauannanenindai AVE L* manefi Aramadng (f1=0, 911=100) M a* naneia duns
YioRTen (+8ung, ATe0) uazAd b* manefa AvdewSediny (+EWae, -AunGw) Yaadudssead

[ £%

iU sfuguAeiuulaesiledndslinunisd Tngvinsingnsas 10 91 wasmaAadey

2.5 MSAATITAAMNGEDRA

Iumimaaqﬁmumumwmaauquajaﬂuué‘aﬂaugiaj (Randomized Completely Block Design,
RCBD) d@mi§un1snaaeun1seausunussamduia wagnsnauNunsmaaaswuuduanysal (Completely
Randomized Design, CRD) @1%5USNYAZAITNAADUNIINILATN ‘a’amvaﬁlﬁﬂﬂﬂﬂﬂ’iVlﬂaaWﬁLﬂi’]%ﬁ
aunUsUTIdlagld Analysis of Variance (ANOVA) wazi3suifisuanuunnsnavasaadelagld Duncan’s
New Multiple Range Test (DMRT) fiszsiuanudoiudosas 95 melusunsaiinszinieada

67



N3an5ide T 17 adudl 1 unsau - Tquieu 2567 ISSN 3027-8309 (Print), 3027-8325 (Online)

3. NANSNAADILAZITAINE

3.1 waRnwgnsiugunandariailed
KansAdBUMIBaLSUMIUsTadavesHAn sy TTloAgnsituguuanddiamanadl 1 9anmeg
awwui AudnuuriudnvarUIIng 3 waenduveais 3 gas lifleuuandetuegieddeddymneadn
(p>0.05) iilesanluduneuntsyimaniaisiileaty fnslifuinsanay Seildudsiloatauauiiu
yngns uenanimngaadeddunaniduutanduasldlimiiouty Ssdmalieilodiauasnauliunnsatu
Tunngns dunzuuLANLTEURLTANR Heduia uazanuveulassin wut gnsfl 1 wargnsfi 2 ldfiena
uansnsiuegadiuddamieaiia (0>0.05) wit 2 gastianuunndafugesi 3 egnaiilodAynaada
(p<0.05) FsnardumsnzinanndouazUinameavanluusazamsiimnuunnediu Weimsanamsames
M3T 1 WU fneaeuvnaUssamdudalinzunumsseniunsstamduiagasil 1 annilan lnegasi 1
uuutlsasdidnuarBavegusnnningnsi 2 uas 3 fduladengnsd 1 lneaeduduneusely

M13199 1 Han1sEaNTuNNUsEamduiavawaniugisIladgnsinugiu

AN TTEMETUEE gasi 1 gnsii 2 gnsi 3
5ﬂ%ma‘5ﬂ‘§’1ﬂgns 7.27+1.18 7.28+1.31 7.12+1.12
g 7.00+1.24 7.38+1.12 7.13+1.26
ﬂéu"s 6.65+1.34 6.98+1.24 6.80+1.44
AR 7.15+1.27° 6.95+1.19° 6.32+1.24°
dloduita (AnuBaveu) 7.23+1.20° 7.02+1.03° 6.33+1.35"
anuvaulneI 7.38+1.25° 7.20+0.97° 6.52+1.24°

e " g mLaaamawamamas’lmlmuaummnu”l,mmml,mnmqﬂuamqi dedAgyn19ada (p>0.05)
i (

® e mLaaﬂmawaaﬂawaqﬂluumuaumenuumwmmﬂmaﬂua&m pERY U‘(ZUUM p<0405)

3.2 wamsAnUSunasnanvedesusAnn s mauiauaznnen s anAuais s

YhusuudlasBleadilsnsdiuseninsiarothdnaei 5 snsnd IMAFDUANN A UG LY
Hodudia nevageuludnunzutsTloaniduuiuuthuroufiosdu usnasouludnuusuthsTleafianud:
FIWUNTTUIUNMIFULED HANISVAABILENITINISIT 2 91nANT197 2 WU ANE L* uae a* Jewnansiae

o o

73 eaNOMT1d@IUTEMINaUUaMeUNENYIe T 100:0 way 0:100 dANuLANA1NUeg9TtsdANIEDR

<

(p<0.05) lngA1 L* waz a* sziinanauilovsnameniinmeniivinniu esninueiignvasdu
adedu (it 1) deldhdnmenasllunandusisiilea devdnalinandasisiiloatiddouazdng
1NTu Bsaenndpsiudn L* was a* fianas uenannidiaonadasiunuidelunswaunandsasimsiulaigie
nstesuthine Tnewud Weusinamudiduresihinmenfiaty dwaldmsiulasilen L* uas a* anas
1Udhe (Chompuja, 2020) wenaniiteddelunsiauueniiasudnmaes fnuivsinaumududuwes
dhinmdsafiutu f1 L* way a* Aavanasnuludewuiy (Palasuwan et al, 2020) Wefiansaned
Tundnsaaisiileaneusuuazudsdu aznui Md L* uay a* ndswuesiimanasninneusy Wesndngen
ﬁﬂaabaﬂaéﬁL‘flumﬂi’maﬁﬁmLflumﬁﬂivﬂau Fanaolsafladldnssneninuiou Wendnswaisileadnd
dinmediuesiiuszney Turunszurumsluhieu szdmalinaslsafdwadsuiuilelwiu Seuild
Adrgnideuiuddine Faaenedestu ad L uax a* ndeiu fifldanasainnousy
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idlefansanan Hardness wuin dlovSinanhinunendfisanniu i Hardness fuwltiuanas 35919
Wumseludhinenenasiloemnsvesinmendudiuszney sleemsvestinanenenadmalasiadislag
nliisleatanuudanas feuisedesusnilasuinudes Anuin thinudednaderioduiavosuymil
Tneilennududureshdnmassnniu meanudununsiaavesuswiandesas (Palasuwan et al.,
2020) BlefiarsanTien Hardness veawandausisiloamnoudunasudsdu wuii s13leand duiian Hardness
antiaunits3ledundsdy Wesandiuusznoundnlunisviisiledusznoulumsudsadeiundssacd
Judnusznoundn demelulasiadrsvemtlssznouldmeerlilaauazezlilamaiiu Wouils3ledldsu
mwdoulunszuumsduutissiledlian desmaliluananeludautsgnyhaneiusslalnsiou aenediwes
maaazluiaauazazluiaLWﬂauﬂﬂaiuLﬁmLLﬂﬂgﬂﬂmﬂGﬁLLamwéTamefw lAdaudainnisnesiinay
flauniadfiuidu (Rattanapanone, 2010) Sedsmalviioduiavossiiloandaduilen hardness tioanin
s3lednoudy nmsileantisndiussrnaunaetinueuansldsaning 1

A5199 2 WANISILATIZAVDINIINIBAINVD I URT 9513 Lo AURNVI8INDUAULALRAIAY

UJaduanunn Snsrdauszniainuadathdineen
100:0 75:25 50:50 25:75 0:100
Aousi
L* 71.53+0.73° 67.38+0.46" 66.69+1.95° 65.56+1.59° 62.13+2.37°
a* -0.37+0.27° -2.28+0.22° -2.70+0.20° -4.66+0.38° -4.24+0.62°
b* 12.29+0.78° 17.63+0.97° 17.38+0.14° 19.45+0.65° 19.58+0.35°
Hardness (g) | 5212.87+713.49° | 1587.25+233.03" | 1515+533.28" 614+218.19° 596.25+118.84°
PRIAY
L* 67.37+1.01° 66.95+1.10° 64:+2.14° 62.52+1.01° 57.95+2.40°
a* -2.40+0.39° -4.51+0.15° -3.82+0.32° -5.35+0.40" -5.17+0.15°
b* 7.91+0.56° 18.87+0.02° 14.44+0.59° 22.13+0.58° 22.26+0.13°
Hardness (g) 861.86+88.82° | 586.25+106.69° | 544.17+102.09° 595.67+53.1° 582.67+87.14°

ad

° W

e * wnefi Aadsvesteyafioglunuineuieiulianuunneiuegdiduddynieedia (p<0.05)
e .
-
foe . \ .
D& . | nauAy
\3‘

h v oy
AN

100:0 75:25 50:50 25:75 0:100

A 1 ansidauszuinailandeaunnnnenlunannueisniles
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KaMIVAFUNsaNSUNIUszamdLdananSusisTlealaslihdnuemaunnialusnsdi
519 9 5 Sa3du wansliRnedt 3 nudthinefinaunuhatlunsiededusisileddmasionzuu
arwmaudud eduda uavarueulnssin TnsasiuuamNTeuiiud wuth Sasdussuinsihiae
Y@t 100:0 waz 0:100 feuuansaiuegraiideddumeadn (p<0.05) Womnidnmeniaites 3
dwaliindnfsisTloataderdumuysinanhinmen Wefinsanasuuuaumouduiedusia wut fnaseu
wﬂwi:mmé’uﬁﬂﬁﬂzLLuumwmaué’mLﬁaﬁuﬁaqﬂqmagﬁﬁmwﬁau 75:25 MANIATIAIU 75:25 WU
winlifuazuuuanueuduiedudafifonawmiuuimamesiinmeiiuniu Tnegvaaoudulinzuuy
nseeufumMeUszamandannuveulnesnsInegisnandn 75:25 undign

15197 3 WaYaIUSUTUNHNYIERaN1ISERNSUNINUSE ENFuRaYaIntes1Iled

AN Snsndruszninainandetninenen
Uszamauds 100:0 75:25 50:50 25:75 0:100
dnwarUsing™ 8.16+0.74 8.23+0.77 8.06+0.98 8.26+0.73 8.00+0.56
a 7.00+0.74¢ 7.86+0.43° 7.20+0.17" 7.20+1.06™ 7.43£0.77°
nau™ 7.80+0.99 7.96+0.88 7.83+0.94 7.90+0.95 7.06+1.01
AR 7.33+1.15 7.56+0.6 7.73+0.44 7.60+0.81 7.63+0.85
\ifoduda (A1uEnvgw) 7.13+0.63° 7.530.57° 7.46+0.62% 7.43+0.56™ 7.3620.71%
AN UlAE T 7.03+0.66° 8.43+0.56° 7.66+0.88" 7.26+1.01 7.40+0.85™
newwe " e ﬂ'wLaﬁEJﬁzJaqﬁﬁamaﬁaeﬂuLLmuauLﬁmﬁ’u“LnJﬁmmLmnﬁhﬁuaejwﬁﬁfaﬁ Ayneana (p>0.05)
‘Vill’]EJEN ﬂ’]LQﬁEJ“UEN‘U’EJiJﬁ‘WE]EJGL‘NLL‘LJ’TLJEJ‘NLﬁ]EJ’Jﬂ‘ullﬂi]’]llLLG]ﬂ(?]’NﬂUEJEJ’NQJuEJEI'I ALYN ane (p<0.05)

4. a3
) a o ¢ a5 A ' g Ay a v o a

INMINARBINTRRUINEAAUNTTE Wi ansiugugmaaeuiuliinzuuunisgeusuiniign
& A ) ) ° a = o ' A | H R i a i a
Ag ansh 1 ndRntu digesi 1 undnwignsidiunseninniidadeinidneldlunisninsiled
5 dmsndu Aiw 0:100, 25:75, 50:50, 75:25 Wag 100:0 NANITNARDI WU gnaaeunausvamdudalvinziuy

o Ao | A a a o | % o Ay 1 v Y
NseeNsuNgnsId 75:25 undian Bafiudasdtdntenfesas 25 Yl dveaaeunnaszannduda
TraziuunIseauSUNIUsEaMALEElUNNSINAANBEAY 1899 INUSUIUUNENYI8NLINTY ANARBAT WU

o v oA L o o ¥ o 09 Y a o 6 oy aAaa o v £ ad o oo oA )
ASYRUSUAUELALIAUNE LauenY1819L Y KR A5 Leal e INTY LilleduRatuL1INTuY F9919
I ) | | a a5 A
Wumsgleanmsvesinuenlldmananisiinlaveswiastiled
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N159LUNIDIIAURD Vibrio (Penicillium decumbens) WagugaN15A5eY U
Vibrio parahaemolyticus L‘?l’e)LLUﬂﬁﬁﬂﬂ']L‘Vi@I’iﬂ‘llaﬂﬁ:ﬂ
Identification of Anti-Vibrio Fungus (Penicillium decumbens) to Inhibit

the Growth of Vibrio parahaemolyticus, A Bacterial Disease of Shrimp

Junsfing nasduns* asuen InEs uaz viiann 1nau
Junthip Tongjun*, Saranya Rakseree and Chanadda Ketma

A1913UTEUS AENEASAIENSLATNSNEINTTITUNR, UnInendewmalulagsnvuananyueen
Fishery Division, Faculty of Agriculture and Natural Resources, Rajamangala University of Technology Tawan-ok

*E-mail: junthip1111@gmail.com 1nsAwWy 097-1819263
v
unanga

Faeug As-1 fifaLenaNUINGD Fanindunys ansaduda Vibrio parahaemolyticus (Vp)
wumfiseanvglsaalamemaiia dual culture 91NMITMUNNIEUFIWINGITWAVBYIUGAANTYRIEAY
\UaTIFume SSU rRNA wag 185 rRNA wudaeug A5-1 Suunteivliu Penicillium decumbens $1a71730
wamoulviiaanfiua lawa wagiaa WsAlea uazisgldluemsidanududuveandeszdusig o
(0-60 psu) dafusmuin Wnnseonuuumsneaesuuuwiane Fuasan 36 yansmaassiilednuitadeing
semsasansfuduslenu nﬂﬁqfﬂmiwmaaﬂﬁﬁiﬂsuuslaﬁiaﬂﬁgu5?3 Vp fatiu pH anududusenluion
warAnUALTiiLTuNasonsas ST lngyanaaes T36 (1.0:9:30) Awedwuladiuds vp Wniign
WA 2.56+0.06 @, n13taseysntuluewnsmamuInfiamAn 10 uag 20 psu Arududuvesalefsi
7.08x10° aUad/ua. uaz 1.36x10° alas/ua. anunsaansiuiu Vo nwadisudud 10° CFU/mL Titosnin
vivewinfu 100 CFU/mL Iedausdalucit 24 uasfinrandiu 30 psu arudiduvesate$sd 2.47x10° aves/
1A, uag 2.94x10° aUad/ua. a1unsnandiuiu Vo mnwadiudui 107 CFU/mL Widesndn 100 CFU/mL 1
Flusd 96 ﬁqﬂy'ummmﬂizqﬂmﬂl% P. decumbens A5-1 Tun1sauAuILILYes Vp SLUﬂﬁLW’]ngENﬁ:GWHa
AdAey : mdBadey Aduuy Fusle wsslulaiifa lsans

Abstract

Fungal strain A5-1 was isolated from solar saltern land in Chanthaburi province that could
inhibit Vibrio parahaemolyticus (Vp), a bacterial disease of shrimp by the dual culture technique.
Morphology and molecular genetics identification using SSU rRNA and 18S rRNA gene sequences
confirmed that the strain A5-1 is Penicillium decumbens that produced gelatinase, lipase, cellulase
and protease, and showed an ability to grow in the presence of the different NaCl concentrations
(0-60 psu) that classified as halotolerant fungi. 36 trial experimental sets in factorial design were
used to determine the factors of anti-Vibrio substances production. All experimental sets showed
the diameter of clear zone to inhibit Vpp; therefore, the increasing of pH, ammonium concentrations
and salinity had an effect on fungal substances production. The inhibition of maximum diameter of
2.56+0.06 cm showed in treatment T36 (1.0:9:30). The co-culture in broth presence the salinity of 10
and 20 psu, at 7.08x10° and 1.36x10° spores/mL of the fungal spore concentration could reduce

number of Vp from 10° CFU/mL to less than or equal to 100 CFU/mL at 24 hours of incubation time,
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and at 2.47x10° and 2.94x10° spores/mL of fungal spore concentration could reduce number of Vp
from 10" CFU/mL to less than 100 CFU/mL at 96 hours of incubation time in 30 psu of salinity in broth.
Therefore, P. decumbens A5-1 could be applied to control number of Vp in shrimp culture.

Keywords : Penicillium decumbens, Vibrio parahaemolyticus, Disease of Shrimp

1. uni

Amsandudn fihiifaruddgmaasvsitvesUsemelng ul 2552-2553 fnandndadesgean
Uszanas 600,000 du uddetlymuTinadsdunmamunistudiunuiiuiuiigdu anmerniawdsusiu
wazdymilsadsdssalinaiansdlusilan Tud 2554 Tnenunisszuinveslsaiamesiu (Early Mortality
Syndrome : EMS) iundausn lunmanzusendendndontsinguennssuuasdusouneideundu (Acute
Hepatopancreatic Necrosis Syndrome : AHPNS) 15a EMS Wuiuf’]:ﬂqmﬁﬂ (Penaeus monodon) LLazﬁaﬁm’J
wanulal (Penaeus vannamei) fsflenmstiethides WWesdy wWieniy §1dhiiddn wadduuaziuseude
fangosmanieslu 7-35 Yu In1smegeis 100% neliAnANugydsmansgiadannande Vibrio
parahaemolyticus (Vp) (Chucherd, 2013) \JuunfiSaunsuau Uvioulfs vouway (halophile) fieanisinde
TunmswSeuazasylénfinnnda 1030 psu qmmqﬁﬁmwamgﬂmﬁm 35-37°C way pH 6-9 wunly
T mziauazewnmea (Yeung & Boor, 2004) f’jﬂﬁ]zLﬁmmiamL%@Lawwzﬁiuﬂismwmmi fulazAuDaU
Tngldsudonnamnsan 1 38 uazandawousiiuglulsamziin (hatchery) ansnsawuidelulsseyuady
(nursery) Tufsseey postlarvae (PL) uag Vp ﬁLLmIﬁ:,JLﬁm’wmumﬂuﬁamLaé'hLﬁui’almmﬁwmmﬂmgm
walutedifiuduaz oy (Yingkajorn et al., 2014) Yaqdudanunisseurnvaslsa EMS wanelduay
manzTusanmsdamsmaaiiuasmemenmennsensdud Vo msdanmsmstannleagldsfiansensay
waznuegluanmIndoniiings Wu wunde (solar salterns) Afaududuveande NaCl figsdis 30%
(Plemenita et al., 2008) Arwdiuduvesansowns Uiinmeendiau Vinanifigaunishsnldls an pH 3o
PNUAMNG gl uazlosausng 9 lalisaungay (Grifith, 1994) Iuamw'ﬁﬂqmLﬁamia;isammza%ﬂa
oulmsinanssialddovaasassunidludsnndeuiiolfuems (Fuentes & Quifiones, 2016) @319@13
yRgfTsgvsmMatinwanvansuasiUssansamgs wu fquddiugdunid dilifa fuoyyedasy uas
Fuwaduzi3e (Phongpaichit et al., 2007) Hglisisadinluanigingald mslivsslevinnasniend
fasstuilesuds vp AvudouluduneunawisuiBudu vietmiunziassmaaiaduuumamil
Tumstesriulsn

AteilRejuiuihniidauenanuinde dmiadun amewus As-1 Friunisdansesnaaut
nsveuLANYe nsaneuluduaziiunisuageuguandiidusufinddewvafieannnlsnveds
aeus vp andnwiladeiifinasenisaiuansyiogiivess Toud Viinamesludon pH waganud fnw
mududuvessuarnariunstudsiu Vo lewseysauiiluewnsmvaniirudussausing o Lﬁaﬂﬁzqmﬁ
HsuudgsamnmifiAsdostuniamedsstmeia Sadunsnuaunaianiw (biological control) i
arndufingsoniaimeaste anmslimaniuareufiusinetymansiaiinndofludnfiuazanin
wandou antlammsnesuFugvouuaiidetsanmudsmnlsafmemureinunsnsuasiUsznaunis
Aetowmannidldnisian
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2. A5N15NAaBY

2.1 NMSAALYNTI

mgndausnanduluninde sunovinlmi Savinduny3 WivAudiuau 3 ve usastaufuiu 3 o
Wviefitiuauanuihauanaslulufiu 15 @, nsdauensiAuLdazsn 10 n$y wdesnsiethnauiis
ghifeudU3unns 90 wa. weldasazanadudementy 30 wit Wendvissduanududy 107-10°
(Gunasekaran, 1995) LLéaLﬂé“aL%aU'%mm 0.1 ua. Tua ue 13 potato dextrose agar (PDA: Difco, USA) wall
dnzanudiadu 30 psu (PDA_ ) USU pH 5.6 wiazAmiioanavi 3 e ﬂuﬁqmmﬁ 28°C uu 7-21 Ju

Annensluauemsfieds hyphal tips isolation suldisnuigvbiiuinwsiluems PDA_

2.2 MTIATMUNTINNEUFININGT uazaWUSAIENS

Anwanwuzlalailsnuie1ns Sabouraud dextrose agar (SDA: Difco, USA) FALZa AL
30 psu (SDA_ ) Anwdnuazidulouazalasvessinglindosqansse T¥smamzidevudlad Glide
culture) uazanennduunyilnvessuiieuiugile lllustrated genera of imperfect fungi 4" edition (Barnett
and Hunter, 2006) thslUadamsueliifuudivuiioiuUsinadinalolngiiusna SSU rRNA (small
subunit rRNA) Laz 185 rRNA vesBumslnsiues NS1 5’ (GTA GTC ATA TGC TTG TCT Q) 3’ wazlnswmes
NS24 5’ (TCC GCA GGT TCA CCT ACG GA) 3w USenuualasiau Yssvanina (Macrogen, Seoul,
Republic of Korea) twansdueiigersungiuarsuihndlelnaldlusunsy MEGA 11 wWisuiisuihadlolng
ﬁlﬁﬁugmsﬁagamaﬂ GenBank (National Center for Biotechnology Information) (NCBI: http://www.ncbi.
nlm.nih.gov) UagmanuduiusnIsaduIauinsiaeaiaununiauld (phylogenetic tree) Aa8id
Neighbor-Joining Tree (Ong et al., 2023)

2.3 negauuaNURNISYaULANYBITIMAZNSHAREU Y]

yadoUANANTANIsveURITas DN PDA HemtmziaTinuda 0, 10, 20, 30, 40, 50 Waw 60
psu 1t cork-borer (@ =6 1) Wiz urinaaedlesmilunasnunasenstuiigaumgiiviondunm
10 Ju SavwadurugudnandlaladsliuUananaeauifnisveuihuessi (Kushner, 1993) é’mﬁaﬂiwﬁuﬁm
Iéfienudn 0-30 psu wmageunsaiaeuleierliaa wanfiua Wsdlea lawa waziwagiaauueims
starch agar, gelatin agar, skim milk agar, tween-80 agar ey cellulose agar ﬁmauﬁmmammﬁu%’u
10 psu ¥MIMAGe 3 %1 Unilgaumindl 28°C 7-10 Fu asramanisaiiaioulesd

2.4 nsdansesfitignasusawuaiide Vibrio parahaemolyticus

wumilise Vibrio parahaemolyticus (Vp) lﬁ%‘ummaﬁémiwzv‘mﬂguéﬁéﬁ’aLLazﬁmmmiwauﬁym
doibheeiladunyd Susnandenefiuansonisvedis EMS Asdidnuazdonty ddidn dudoude
11U 3 @eiug laun Vpa Vpb uag Vpc a3 maﬁuﬁj@'ﬁyamuamﬁ%ﬁu (amplicillin) wns1Funduy
(tetracycline) uazdluswasnendu (ciprofloxacin) N13AnnTasldis dual culture faLUasaIN Dinesh et al.
(2015) 14 cork-borer (@ = 6 111.) Wz fuuTnauameadilesinialuemis PDA w7 Jushlunauinm
na1981915 Mueller Hinton agar (MHA: Himedia, India) Fnanimzaiinnadiy 10 psu (MHA ) 931
Wigduladunan 48 $2lus Wauuan vp adluensiieadiu (vp usazaneudviuenaiueng) yaaiuam
wmL?ﬁysmt,awwswﬂuﬁqmmﬁﬁaa dunananisnaasadunal 7-10 Ju

2.5 fAnwHavae pH wanluiley wazadupudani1sad1eanseangnsvessduds Voa
ONLUUNIINAADILUULNANBITEA (factorial design) A9l 1M3BNDINT potato dextrose broth
(PDB: Difco, USA) 100 wa. Tlanududuvaawanluion 3 seau (0, 0.5 way 1.0 Un.6edns) Arpnudy
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NIA-AN3 4 33U (6, 7, 8 WAz 9) UavAIATBLAN 3 AU (0, 15 Uaz 30 psu) Mdrydnwal NH “:pH:psu
YANARDITI 36 U Yoar 3 91 wWIeNs1 A5-1 adlueng 4 Tu (7.08x10° alei/ua) K cork-borer
@ = 6 ) Bssniigumgiriesuuaiouugniinui 120 sousoufifunat 7 Yu naaeumsdiuds vpa
728735 agar well diffusion Tnaides Vpa Tue1ms Mueller Hinton Broth (MHB: Himedia, India) Was 1%
NaCl thaunsniwaddnaimuazeauasisenliisnumad 1.5x10° CFU/mL ¥anindsuuems MHA
finas 19 NaClianestqude cork borer (@ = 6 uu.) Diumindsadosuiinns 200 lalasans adlumquitians
Unilgamgireaduna 24 dalus aramamatiudsienisiaduriugudnarsedala (nhibition zone)

2.6 Anwanududuvessuaznaifansiuds Voa fianuiuseiudig q
WiTEnT AB-1 $1uau 4 Fu (7.08x10° aUa$/wa.) 5 Fu (1.36x10° aed/ua) 6 Tu (2.18x10° aved/
18.) 7 T (2.47x10° atos/ua.) way 8 Tu (2.94x10° avad/ua.) e cork-borer (@ = 6 111 adlua s MHB
100 wa. mauﬁwmaﬁmmﬁm 10, 20 W@z 30 psu (MHBMO’ !\/\HBSW20 ey MHBMO) USU pH 7.3 Lgﬁﬁ’]ﬁl
gaunnvieaiidnsnugn 120 seusiewndl wiu 72 Falue waziiin Vpa (1.5x10° CFU/mL) ansiiutu 2% asly
yavnaesil 1-3 Uusefigumgivondunaiuiu 96 Falus iufegnaindssdina 0, 24, 48, 72 way 96 Fal
dievndwuau Vpa Tuemns Nutrient agar wa 1% NaCl ¥hmsvaaes 3 41 wAadsvessiuauead Vpa
YpruAABaaNy Vpa aduoims MHB_ ., MHB_  uas MHB_ Tuyansneaesit 4 14 Vpa (1.5x10°
CFU/mL) A3t 2% poniuun1svaaeswuuguanysel & 4 gansvaass (3 91) vin1snaaesfiazyamny
Sty ol
yanaaaadl 1 TC1 : MHB_ + Vpa (1.5x10° CFU/mL) (ynAiuAy)
T11:MHB_ -+ A5-1 973U 4 Fu + Vpa (1.5x10° CFU/mL)
T12: MHB_ -+ A5-1 973U 5 ¥ + Vpa (1.5x10° CFU/mL)
Yanaaesil 2 TC2: MHB_  + Vpa (1.5x10° CFU/mL) (ynAaun)
T21: MHB_ -+ A5-1 913U 4 Fu + Vpa (1.5x10° CFU/mL)
T22 : MHB_ -+ A5-1 913U 5 Ju + Vpa (1.5x10° CFU/mL)
Yannaesi 3 TC3: MHB_ _ + Vpa (1.5x10° CFU/mL) (yaAaun)
T31:MHB__ -+ A5-1 913U 4 Fu + Vpa (1.5x10° CFU/mL)
T32: MHB_ -+ A5-1 913U 5 Fu + Vpa (1.5x10° CFU/mL)
Yannaesil 4 TC4: MHB__ + Vpa (1.5x10° CFU/mL) (yaAaun)
T41: MHB__ -+ A5-1 91W3u 6 Fu + Vpa (1.5x10° CFU/mL)

T42: MHB_ -+ A5-143m3u 7 Fu+ Vpa (1.5x108 CFU/mL)
T43: MHB__ -+ A5-1 91W3u 8 Fu + Vpa (1.5x108 CFU/mL)
2.7 MIAATIERHANIHDA
thifeyaildunmeedsuasdiudoauunasguasiinisinnuulsusiuvestioyades One-Way
Analysis of Variance (ANOVA) wagiUSsuiisuannuunnsinsvessniadesenineganaasidieds Post Hoc
(Least-Significant Different : LSD) fiszfiupanudesiu 95%

3. NANNSNNABILAZIANSTAINE

signdausnanduluuninde sunevilud Swfadumyd dudifeusaiau 2560 Audeunsngr
2561 uanslunmdl 1 (n) sasiedu 90 anesus wusanesiug A5-1 lushegsiulufeusmsuasiiou
nINQIAN AATALALYEI 150-360 psu karA1ATALALYEIAY 180-340 psu A1 pH wesinady 7.3-7.6 1
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dnwazlusisgou Anwdugineivessuue s SDA__ uindulememsvessiidvniindsiu idule
= v A Y = A @ v Y £ A (=] ! = ! = v
duiugiinmuyavesyiumilesmsidntesaiudulonaravesdilen alesiizusnnass suslalatuandule
Yoesuandlunmi 1 (¥) Muunvilavessuiiguiuglenuirmaeiug A5-1 dnegluditu Ascomycota aana
Eurotiomycetes aewao3 Eurotiales unila Aspergillaceae 3@ Penicillium @51saUasuuuliondeinedin
el (conidia) vufimuynddnvasdunimieve (phialide) Noguategavesinugates (conidiophore)
(Barnett and Hunter, 2006) wansualunnd 1 ()

_ conidia
y

AW 1 unde JmIadunys (n) susilalalisuntuazaunésvas P. decumbens
A5-1Tuawns SDA__ (%) aueiuuuliondeiaviinnelithevas P. decumbens A5-1 (R)

msaﬁ’wLl,um/]Na%ﬁuqﬂﬁamﬂ%ﬁf%'l,ﬁm%umﬁaﬂﬁia"lmﬁﬁm’m 1,684 \uav0sduiisums SSU rRNA
waz 185 rRNA andlelnd 1,650 wagnihluiSeuiieuiuinadlelnalugiudeyaves GenBank uaguans
AuduiugadduITaLnslun i 2 nuhdduuavesnaeiug As-1 fenuedeadeiudduiua
Y83 Penicillium decumbens (P. decumbens) (GenBank no. MW164851.1) wag Penicillium citrinum
(P. citrinum) (GenBank no. 0Q548097.1) snniign Wleldinausimadauginenlfursusidlalall susaves
adule wagliannsanialdvigumgil 37°C Feo1adaduunsianeiug As-1 10U P. decumbens 1ilasann
P. citrinum Lﬂ%@LﬁUT@IﬁﬁﬁqmwQﬁﬁ (Guevara-Suarez et al., 2016) P. decumbens wuldvilulufu
Aumdou wadou uaviureilimeia Faiiva Penicillium, Aspergillus, Eurotium Wag Cladosporium Qﬂﬁugu
hiarwiuazarmainuansinniigniiagnuluwndaivihlandfindegetansiaauihaniifanse s
mulmeeauihisuiiasenann wuludu ene wasaslulsl mafeuwlasanwerma nleans
siinansermsiduaimgliiAnnisuninszarsvessuagilvsndeafiuduiutazsendin wusuinia
3,000 a0 5luumastin (Abdel-Aziz, 2008) maﬁua:ﬁwumniﬁm Penicillium chrysogenum wag Aspergillus
niger (Butinar et al., 2011) P. decumbens L‘fJuiwLﬁuiaﬂszﬁwﬁuﬁwmmL‘fJur;ijaaaawmsﬁw%‘émmizw
Tnrmeils aunsandaouluifdesaaeamsusznoumiveuldinngs 18 viin Uszdvsnmlumsdosaans
asdurddumildutusineuluifinagiatu mnmsinemudi A, decumbens A5-1 nameuleinaiiua
I¢ffan ndnwaguaa (nnil 3) lawa waglushleaudlinanoyluaa Jaunndnsarnsunndedidauents
mdlvgjazaiaamsiouleivagioa faiu . decumbens A5-1 SsfinuantRgosamevesdouayansdus
finnéndluvemnzidsdnitnld Faduunumudnveslusgneufufuteimneidissteviiihazein (zhou
et al., 2009)
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Penicillium decumbens F36B (MW164851.1)

Penicillum sp. A5-1

m citrinum AKS-3 {(0Q548097.1)
Pen m sp. Y28 (KPBT2503.1)
65 | Peni m sp. MP3 (MNT44382.1)

Penicillium chrysogenum JMET 24 (MZ892608.1)

Penicillium sp. JMET 19 {(MZ892607.1)

im sp. DF1 (OR048738.1)

Penicillium sp. JH1 (0Q861194.1)

Fel um sp. SAZ9 (AB304518.1)

Penicillium sp. FM1 (MWD20600.1)

m axalicum AVS (PPE4TES6.1)

m sp. RST (MFO9964%.1)
Fenicillium sp. 6-16M (KC143067.1)

77 | Penicillium glabrum ALl 218 (AF545090.1)

Fenicillium camemberti I55FR-016 (KT832784.1)

Penicillium sp. GR19 (MT482708.1)

Penicillium sp. 8-12c (KCT90520.1)

Fenicillium javanicum DGD-4 (OMN306759.1)

niger CBS 554.657 (NG 065763.1)

—_—

0.0010
Al 2 AruduRLSINeIRUITAIuINTS (phylogenetic tree) was Penicillium sp. A5-1
TUsunsu MEGA 11 &@3190@7875 Neighbor-Joining Tree

n U

2# 3 P. decumbens A5-1 d@519euludinanfituauusins gelatin agar (n)
pulylwagaauuans cellulose agar (v)

N191935YV9931UB113 PDA Afiaafudaus 0-60 psu nuduEnuaudnatalalatlsmian 5.27+0.06,
5.23+0.06, 4.1+0.1, 3.47+0.06, 1.47+0.06, 1.0+0.0 4@ 0.8+0.0 w3l lud1MS PDA_ (mmwamﬁmé’u)
PDA, PDA  PDA  PDA  PDA _ uay PDA MNEPU %ﬁm‘[,ﬁ P. decumbens A5-1 E@uiﬁﬁ%mﬁjﬂ
(halotolerant fungi) (Kushner, 1993) wigylanianlue1ms PDA fnauiinau luemsidndeiiinauy
uruguinanslelatovanas esannindeliifianuddudenisiaiguess ewnsifinnududuveandegs
dluomnswradeiuseiundeswvdothiisasdhunldldiosas MIsinisesyanamardesusufilisontin
Tngnsasneauas (Mandeel, 2006) ﬁswEN1mfﬁmuLﬁummsaﬂ%’uﬁﬂﬁiaﬂ%imimmmmLﬁwﬁaﬁawqﬁﬁﬁ
30% NaCl (Plemenita et al., 2008) 399 P. decumbens A5-1 L‘T;Juiwﬂfcjwwﬁuaamﬂé'aqﬁ’ummﬁlmaqmi
wusinslurangeunasggru thiidaniu 150-360 psu uazAuiimAd 180-380 psu unads

Pgaiigavisiuazau anmslusmuiuansaUssgndldsiiuinde dinsesuazinfuls
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o
< & =

N3ARNTBITNTNEIUgIMUATISE Vp 31uu 3 aneus (Vpa, Vpb wag Vpc) 7338 dual culture

A o

uuews MHA_  wusiuindediuiu 11 aneviugiigraduds vo dAndu 12.22% vessiamun uaz
P. decumbens A5-1 \JuaneWusndudaldfiign (nmil 4) P. decumbens A5-1 aslaladnaulalaiives
wuATisy Vp 13 3 anefiugauuuisaianay IneduiigudnadlalatdvesamuguiivuininalAssduniy
Audnandlalativesndugs Vpa, Vpb way Vpe agusidlalaiivessiiiudngy Voa d5Usianauauyseingn
- = = 9 = do I vas = gw & o

WawSeuiileuiu Vpb war Vpc wansdiennuanansnresndugs Voa laaniandald voa udunulunis
Anwlunmeaeinll uenannEuds Vo wda Mani et al., (2016) 578911 P. decumbens AJAL 1A
wenanveeluld@unsaduds Escherichia coli, Pseudomonas aeruginosa, Salmonella sp., Kelbsiella sp.,

Bacillus subtilis, Enterococcus sp. wWag Staphylococcus aureus 191

il 4 P, decumbens A5-1 §ugawuaiide Vo 3 d1eWug Vpa (1) Vpb (A) waz Vpc (1)
A28735 dual culture WisuisuiugaaIuAY (1)

Hadefidmadenisaiansvesstaeialuldun Uinawenluden pH warenufulaesiassan
anmwindenvestluvamnzidssfanuinrdudusenlindoufinsaudeniadssfennioglugis
0.03-0.25 un.neans (Adiwidjaya et al., 2003) isé’uLLEJ@JIJJLﬁauﬁﬁwnwﬂé’ﬁaaﬁaaﬂdm’%awhﬁ'u 0.8 un.
#oding (Suantika et al.,, 2015) waglinasiAu 1 un.Medns MaazasyAulnlalugas pH 6-9 waslasaLduls
1§37 pH 7.5-8.5 AL 2-35 psu mNuBLTINZaLsENSEEsAD 15-30 psu (Haliman & Adijaya, 2005)
fsansasguaraiansluanmnadouiivanzaudenisaigueaieazannsatuliusslomnild
HRJeRsmanuuUNTTIRaRILUULIAYaISEA (factorial design) Tneidisesiianmizeng 9 39 36 YANINARDY
Twons PDB Wunan 7 Su thiidessanduds Voa vuauewmsudeiaemaila agar well diffusion uaas
NalumIsed 1 wuidamsd pH Al eududureswedlinduuazanuduiiintuiuultuduasalvie
a¥19enstiuds Voa ludhideaiindu uay pH finadenisadrsensnwuingle pH wWasuudaslunesha fo 8 uay
9 s19za519a58UE Voa Welaulavunmlveining pH 6 waz 7 Inergamaans T36 (1.0:9:30) Wi lsulasniige
(2.56+0.06 w1l.) wazyanaana T1 (0:6:0) lrianlwulationiian (0.83+0.06 wa.) Wushugudnarswadleula
Tugamaass pH 8 uaaslunmdl 5 (n) NMFIAIEiaMsaRAnUIHaYea pH Tugavaass T1, T10, T19
uay T28 Afwoslanilon 0 un.sedns uazmudnwiniy 0 psu Alwulaluyn T19 wag T28 Tauuanseiu
T1 eghaiifuddy (P<0.05) el pH 8 uas 9 erawmnzausensadsensdlessuiisutiu pH 6 aanse
Uszgndlirlunmasieuthdeulfimsifsstaussihndmdameidostanmziaiulaayassenslii
pH 6-9 YauLfifaa3eyfT pH 7.5-8.5 (Haliman & Adijaya, 2005)
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A15199 1 Waves pH waluiey wazAuANABNNSES19E1eRNaN5Vas P. decumbens
A5-1 U84 Vpa

YAN1INAaes: Wurugudnasvaslaula (@ + SD) (aw.)

NH;:pH:psu NH4+:pH:psu NH4+:pH:psu NH4+:pH:psu
T pH6 @+SD T ©pH7 @+SD T pH8 @+SD T pH9 @=%SD
1 0:6:0 0.83+0.06 10 0:7:0 0.96+0.06" 19 0:8:0 1.20+0.00" 28 0:9:0 1.20+0.00™°
2 0:6:15  1.33+0.06" 11 0:7:15  1.36+0.06° 20 0:8:15 1.46+0.06 29 0:9:15  1.56+0.06'
3 0:6:30  1.26+0.06" 12 0:7:30  1.36+0.06° 21 0:8:30  1.40+0.00 30 0:9:30  1.60+0.10'
4 0560 1.56+0.06° 13 0.5:7:0 1.63+0.06° 22 0580 1.76+0.06° 31 0.5:9:0 1.80+0.10
5 0.5:6:15 1.76+0.06 14 0.5:7:15 1.70+0.00 23 0.5:8:15 1.90+0.00 32 0.5:9:15 1.86+0.06
6 0.5:6:30 1.76+0.06 15 0.5:7:30 1.96+0.12 24 0.5:8:30 2.00+0.00 33 0.5:9:30 2.10+0.10
7 1.06:0 1.96+0.06° 16 1.0:7:0 2.06+0.06° 25 1.0:80 2.23+0.06" 34 1.0:9:0 2.53+0.06"
8 1.0:6:15 1.93+0.06 17 1.0:7:15 2.00+0.00 26 1.0:8:15 2.23+0.06 35 1.0:9:15 2.53+0.06
9 1.0:6:30 1.86+0.06 18 1.0:7:30 2.16+0.06 27  1.0:8:30 2.26+0.06 36 1.0:9:30 2.56+0.06

o

nuewe : dydnual Q way B Aliwilouiuluuuiuey nuneds @ vedlwulalinuuanssegiiieddyneatia (P<0.05)

Y

: 18NS ABCDEF GHJKuay L Alimiouduluuundm nueds @ veswuladinmnuunndisegisfidudfgnis
anm (P<0.05)
- §9n¥s a b ¢ d e was f Aldmouiuluwuiss mneds @ vedlguladinnuunnasegedidedfynisada (P<0.05)

wamamaaﬂuLﬁauﬁﬁ]’ﬁmmﬂ‘qmm pH 6 (T1, T4 wag T7) pH 7 (T10, T13 wag T16) pH 8 (T19,
T22 uaz T25) uaz pH 9 (T28, T31 way T34) nﬂ‘*qmzagiuamwﬁ pH Asfl ATAIYINAY 0 psu kAEAINY
wWntuveawedlanfleuiniu 0, 0.5 uaz 1.0 un.sedng auaiu nudilsulaluisdazyanisaassvedusiay
pH Slenaunnsseghaditeddy (P<0.05) sniiu T4 alsuldlivnnsnean T7 dufummududuve ety
ﬁLﬁméﬁummLwiax**qmwmaaﬂmadauiw@ﬁwaﬁaﬂﬂia%fwaaﬂié’u&?J';q Vpa

waénaqmmLﬁmﬁ«’\mmmﬂﬁmﬂﬁmaawm pH 6 (T1, T2 uag T3) pH 7 (T10, T11 uag T12) way
pH 9 (T28, T29 way T30) luan1fl pH Al uazueulnilonwiniu 0 un sedng wuingemaaosdiauAy
15 ua 30 psu Snalialenlalunsiiuds vpa fienuuanssegnaiifeddymiseadn (P<0.05) iewssuiiou
Fuaadud 0 psu wazidleSeudisuanuunnaavesalsulafinnnufy 15 wag 30 psu s¥wing T2 way
T3, T11 Uag T12, T29 waz T30 wuilidianuusna1segaditedty (P>0.05) {9997 P. decumbens A5-1
Dusmuduansawiyuazseatialdidedinmuduiiuty wirnuduiilimnsauesdamalinnseigves
wduloanas 5’1%1xi’]aaﬁumaémﬂ?m’mé’auLLazinaum%'&TSuﬁaaﬂﬁa%ﬁqaﬂa% Fa5 8 UANAIANTIAY 5%
ﬁwxi’]aqﬁumaaﬂlﬁagiaGﬂ,m&Jmia%ﬁqﬂmm&JI@ﬁU@%Lﬁ;J%iALLﬁzﬁ%’NLé’ﬂﬂammmiamaq (Mandeel, 2006)
aenAdpeUTIENNTBY Gunde-Cimerman et al. (2000) wuitluevsiifinanududuvonndodenalsian
water activity (a ) TuemsansusinuAanssunsgesidon (hemolytic activity) uagnsduduwuniiGe
(antibacterial activity) %adiﬂqﬁu (Sepcic et al., 2011)

nNan1sAnEIT pH fideulumasng aaudiueus 0-30 psu uaraududuresonluioudus
0-1 un.sedns fnadeUsinameasfudaiisadaty wenluflonluomsenduundslulnswuitensiasy
La‘uimLLasa%’wmmﬁagﬁiﬁﬁmwaamﬂé’aaﬁuﬁﬂ%ﬂaﬁé’ué'iu’q Vpa nistumaeaduduresenliniey
Wi nsUseendly P. decumbens fitelfivssuiiiommnsannsouvadulnsauldienseiuniduay
a155unsd 1wy Wuea@esluwnsm Tfedlunsm Suvdesaziadu (Mani et al, 2016) wonluileuazgn
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Wasugudemmueatuvesslfiduasussnoululpanuilfifumstailunsiansgiammfegiuvm
Tnssadrauavansaadulléiun ndu steroids uae terpenoids, polyketides waznguiiflulasauduasdusznon
ﬁ'ﬁﬂLLﬂﬂLﬂuﬂejquaEJ A9 peptides, indole-alkaloids, pyridines/pyridinones/piperazine/diketopiperazine Wag
pyrimidine/pyrimidinone (Xu et al., 2015) 9IN$18IUNUTT P. decumbens a%’wmﬂuﬂeju polyketides
%Un decumbenones A wag B (Fujii et al., 2002) LLaﬂuﬂa;N peptides %A cyclopenicillone (Lin et al.,
2011)

AN 5 P. decumbens A5-1 &3198138U84 Vpa Tuyanaaas pH 8 (n)
219113 MHB #ilisuaziuaiiisesgysaunuluyn T21 uag T22 Mg 72 F3lu9
wWisuiguivyanIuad TC2 (¥ uag A)

msUszgndldaluannesiandunsesyiutuesuszuuaiiFelud Adlddnmanududu
yoesluemsiman MHB muisfnunde 2.6 uanmalunsed 2 wuiiinnady 10 psu Tuyamaass T11
waz T12 MaLsN Vpa adluideaiidluei 0 wud Vpa #97uu 4.29x10° wag 4.51x10° CFU/mL
Tudnlusii 24, Vpa andnuiuivaeiies 80 wag 57 CFU/mL wavidsuiuanasesreiiissaudialusi 96 e
Wisudfleuitugn TC1 Aidaluseng q anudidu Fedufinmndy 10 psu aududuressilug T11 (914 Fu
fiaves 7.08x10° avod/ua) uay T12 (31 5 Bu fladed 1.36x10° aded/ua.) annsadudwaransiuau Vpa
Tiitianndn 100 CFU/mL Iédausdalasdi 24

fiaundy 20 psu Tugavaaes T21 uaz T22 wiudy Vpa aduiidssniidalusd 0 wud vpa &
$1U2U 5.93x10° way 4.56x10° CFU/mL anuansiu Falaadl 24, Vpa andnuiumae 100 way 63 CFU/mL waz
lain Vpa saustalasdt 72 dunaldarneisns MHB luyn T21 was T22 fian 72 $alus Sdnwarldlsiingnou
Sewssuidleuifugaeuas (nmdl 5 9 wag A) Fedufienandu 20 psu Anududusessiluge T21 (31 4 Fu
fiaves 7.08x10° aved/ua.) uar T22 (31 5 Bu faues 1.36x10° avos/ua.) awnsaansuau Voa Wiifesnin
viawinfu 100 CFU/mL Tseusidalasd 24 Samamsnasesiilddiauunnseanyganaaesiinnui 30 psu
wuinluganaasd T31 way T32 waadu Vpa adhuhideeniidalusd o, Vpa $197u7u 1.65x10° way 1.37x10°
CFU/mL #7last 24 ua 48 $1u7u Vpa 1 2 ganannaesndudis sty uagdalasdl 72 way 96 Sy
U Vpa 489 4.22x10° ua 1.36x10° CFU/mL muansu Fethutraadia 30 psu 31 P. decumbens A5-1
laaunsaanduiu Vpa Tidesnin 100 CFU/mL 1a

Tuganaaosiifienundy 10 uay 20 psu anududuvesaesandl 7.08x10° aves/ua. (@ Tu) uae
1.36x10° alas/ua. (5 Tu) fUszAnsnmiiiesmeitazduds Voa Idunnninfienaundi 30 psu iesanuuaiide
anaivsledndunguinialéRfienufudiud 3-7% vedufunaelsd iwadasAnanuinionuazUsud wu
Vibrio brasiliensis @3191UsAu MotY (the sodium-type flagella protein MotY) Windugadulusiiuiinuly
devuwaddunoninthiiduindou Na® WHddundsnulilunisindoufivend Wellenuduiutuuuaiide
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%Lﬂﬁauﬁlﬁuﬁuwﬂu Vp wag Vibrio cholerae 9y (Atsumi et al., 1992) uaﬂmﬂﬁé'fﬂwummamaaﬂ
yosBudiiiendostunsaireniinead evuwad mafiuarsiugnisy WsAuiRerdestunsindeudie
asefluvsdesnuoniwad uarnsTeNLTLwad L Voa awzj'amlfzmLszjaéLLazLLﬂaﬁaLﬁuﬁm'guqﬂ‘fwﬁaﬂﬁ
sanaIn (Hu et al., 2022) Iuam'gsﬁﬁmﬁaqﬂ

1usqmmmaam’7i 4 ;ﬁ{]’a?jﬂéﬁ,ﬁmmmL‘ﬁu%u‘uaai'uﬁu 6 Hu Taves 2.18x10° aved/ua. (T41), 7 Tu
flaed 2.47x10° aded/ua. (T42) uaw 8 Tu fiaved 2.94x10° aled/ua. (T43) uarUSUld 2% vos Vpa fishuau
Budu 1.5x10° CFU/mL wauanshusnsedi 3 wuinsuau Vpa 183 TCA 79lusd 0 wae 96 wirifu 2.46x107
uaz 1.97x10° CFU/mL wuduaugeaaidalusdl 48 wihdu 2.57x10° CFU/mL wdaiy Voa adluides
wuluyn T41 anansoansiuau Voa Tand 3.08x10° CFU/mL Tudalasdt 0 winiu danluge Ta2 uaz
T43 Faustalusit 24 S Vpa anategsserilowmardilusdl 96 ansiuaumie 10 waz 27 CFU/mL
AUERU SatuTinansiy 30 psu ANAduTuYeITlugn T42 uag T43 andnuau Vpa Witdesndn 100 CFU/mL
Iefidalusil 96 (il 6) aenndesfusienumes Guo et al. (2023) eauasysgiivia viridicatol,
cyclopenol ua cyclopenoin finanans1 Penicillium sp. 22230 Fadpuenannitlunivensninilanicuds
Vip, V. cholerae wag Vibrio vulnificus ansazdfudamsvheumoseulsd peptide deformylase (PDF) Tails
Anny| formyl group senanUansanslsiulurviunsdaaseilsiudafumssudimsdanaseilusiu
daalinuafiseluanusansgdvlald (Durand et al., 1999)

A91991 2 ANUYNTUYRY P. decumbens A5-1 waztaanlun1seuds Voa finnuAuseau
A9 9

§7uau Vibrio parahaemolyticus (CFU/mL) fivan 0-96 43ua (Vpa Budu 1.5x10° CFU/mL)

a1 MHBSW10 psu MHBSWZO psu MHBSW30 psu

hr TC1 T11 T12 TC2 T21 T22 TC3 T31 T32
AuUAN AUAN AUAN

0 2.55x10°  4.29x10°  4.51x10°  3.03x10°  5.93x10°  4.56x10°  2.42x10°  1.65x10°  1.37x10°

24 3.76x10° 80* 57% 5.59x10° 100% 63* 3.70x10°  2.72x10°  2.15x10°
48 5.47x10° 23* 3* 3.09x10° 133% 0% 6.12x10°  4.88x10°  3.81x10°
72 2.31x10° 0* 0* 2.74x10° 0* 0* 3.33x10°  5.05x10°  4.82x10°
96 1.85x10° 97* 10* 2.09x10° 0% 0% 2.15x10°  4.22x10°  1.36x10°

e < * anududui 10° ladwalelaiidesndn 30 lalatl/ua.

A15197 3 ANuuTUVes P. decumbens A5-1 waziaanlun1sduge Vpa finnutAs 30 psu

31U Vibrio parahaemolyticus (CFU/mL) fivaan 0-96 Halug (Vpa Budu 1.5 x 10° CFU/mL)

L8N MHBSWSO psu
hr TC4 AuAY Ta1 T42 T43
0 2.46x10" 3.48x10° 2.86x10° 1.85x10°
24 1.59x10° 6.09x10" 6.34x10° 7.06x10*
a8 2.57x10" 1.22x10° 5.3x10° 3.26x10°
72 2.21x10" 1.14x10° 1.36x10° 1.45x10°
96 1.97x10" 1.1x10’ 10% 27*

e < * Anudutui 10° ladwaleladidesndi 30 lalad/ua.
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—_
N

=0 L — ® == TC4
—
28 T —e—T1
~
26
[T
v} —o—Ta2
34 T+
; —e=T43
22 4
=
n(_
7o : : :

0 24 48 72

nan (Falug)

29 6 ANUTNTUVBS P. decumbens A5-1 waztaanlun1seuds Voa 1AuA 30 psu

HAvIN5RSYTIMAUIUMITWMAITENING P. decumbens A5-1 way Vpa aunsaussendlys
Iuﬂmm%m’f’lLLasﬁwﬁmﬁwﬁmumiwaL?ﬁu&ﬁaﬁixﬁummLﬁmi’m 9 lunasee postlarval (15-20 psu) ke
fadudine (5-10 psu) lesansuaiyldluanimuandeudeaiuia wu pH AL warlduenluionannih
wzideataduwddulpsauiionaaiapiuliesn anududuresilidufuemufufifintuuas i
Vp Teadtluth anuduiidutursnsedulinavadesuazansduds vp 18 Fafesdinmsfinuwiiuifa
Rerturudiduressuarnanilds s ydulnuaradiansduddussuumzidoss sunnulaondely
winmsrielsavessludniindudosiuiuiidesinuilusiuinly fatlagtulimsussendlds P, decumbens
URM 6018 331U Mucor subtilissimus URM 4133, Mucor sp. URM 4146, Mucor guilliermondii URM 5848
way Aspergillus viride-nutans URM 6629 fidauenldanemmnssas 5 anevus thungesinduluusungauls
Wilnsifivweluena 3 s 10 Alamadu wuhigvdsuduuaiiBeunsuay anauiuladin uanduasiu
ouyadase (Gomes et al,, 2022) MsUszendldsiteiisyarlusmsautazovnsdnifidaaiunisiaiaua
nszfuszuugiduiudadunumandsiiiauleluouan

q

4. a3

INMIAALENTININUNGD BNVt FanInTunyS Fradsunanau 2560 SadauUnsNgIAL 2561
wuihsaneiug As-1 Wuanesiug Penicillium decumbens As-1 fiasaeuluslsvanssdndusmuida
WSalaTimnundiy 0-60 psu P. decumbens A5-1 @nsaduda Vo Afausnanisitaedulsa EMS e
walla dual culture SNaINsaESEUarad1sEnstiuds Voa TuanmuandonimnzausonisiaTaveaialsi
oH 69 Ysmnawenlanflon 0-1.0 un.fodns wazAuAN 0-30 psu wuiwhe pH Usinawesluilenuas
mnuiLiinasensadeansiudess TunsAnvmsesysufuluemsmamuisansaduds v il
Sruudusudaud 10107 CFU/mL anududuressuaznaniiifamusuazunnmstuiuiuarufaves
wnzdsmareudutuYes Vo Budy ﬁai‘fummmﬂizqﬂﬁ%’m P. decumbens A5-1 wiadfuds Vo M
awmadlza EMS ftudoulunameidesfmeald
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Abstract

This study was conducted to evaluate the effect of different organic fertilizer applications
and weed control on the diversity, density, and fresh weight of weeds in pineapple plantations during
90 days after planting. The experiment was conducted in Chonburi Province from November 2021 to
February 2022. The randomized complete block design (RCBD) with three replications was used, and
12 treatments consisted of four organic fertilizer applications (control without using organic fertilizer,
chopped pineapple leaves composted at 2.47 ton/rai, chicken manure at 1.67 ton/rai, and a mixture
of chopped pineapple leaves composted at 2.47 and chicken manure at 1.67 ton/rai) with three weed
controls (control without weeding, hand weeding once a month and using a mixture of bromacill at
320 and diuron at 320 g a.i/rai). Total ten weed species emerged and grew on the studying field,
there were five broad-leaved (50%), four grasses (40%), and one sedge (10%). Among various species,
morning glory, horse purslane and nutgrass were the dominant species in all plot. Weed density and
fresh weight were higher in morning glory and nutgrass with chopped pineapple leaves composted
application, but lower in horse purslane than chicken manure application. Interestingly, using chopped
pineapple leaves composted or chicken manure alone resulted in lower weed density and fresh weight
than combining chopped pineapple leaves composted and chicken manure. The results indicated
that 90 days after planting, the type and rate of oreanic fertilizer application affected weed density
and fresh weight, which varied according to weed species. Weed control of horse purslane can use
herbicides or hand weeding once a month, while morning glory and nutgrass use herbicides only.
Suitable alternative of the use of organic fertilizers to improve fertility in pineapple cropping systems
is chopped pineapple leaves composted because it recycling waste and reducing costs. This study
lasted 30-90 days after planting and aims to effect on weeds only. However, long-term experiments
on organic fertilizer application would help confirm the influence of organic fertilization on weed seed
bank, weed density, species diversity, the growth and crop yield of pineapple for weed management
in cropping systems to increase production potential and pineapple crop yield.

Keywords : chopped pineapple leaves composted, chicken manure, oreanic fertilizer, weed density
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Y a a

naunlddedun3d 1 via Wesnnmsldledunid 2 vl YSunasmemsildasiuazainnit Jeduasy

i

a

nswsiulavesndeiulaunnninnisladedunsd 1 viia drunguililensinanludulssalumnumunuiguy

14
v

yosinideiiuliifinuunnssiunadatunguiiliteyaliegrafen esndenthanludulzsatuuas
{oyalafinnudunsasma (oH) IndiAssiufe 8.07 uaz 7.90 suadu Fsluanmiunsa (oH 5) Msaenves
wiadndefumninfusmmienans é’mwmiaaﬂmaﬂﬁﬂLﬁaﬁu%qﬁummzﬁum pH g9angs¥7ing pH 8-10
(Tanveer et al., 2013) Tusaeiwinasvessinidefufiauumnsneiunsada (P<0.01) (ms1edt 5) Toe
nauiliveyalifimdnanvesindefuinninguilidentnanluduzsatu Jeyaldduledivium
51O WNIVAN (2.18%N, 2.69%P WAy 2.26%K) 1nnineminainludulzsatu (1.92 %N, 0.25 %P uas
1.58%K) (Oonkasem, 2019; Chumphong, 2022) Fsdawalvinslddeyaladuasunisasyivlalasuag

fumtinanvesdindediuunnninslddendnanluduesatu
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M15197 3 wan1slEdeduniduaznisaiuauiviysannuiuILtukasringavasriniUe iy
luudasugnduuzsad 30 60 uaz 90 Junasdan

AUVUILLY (Fu/asnauns)  dintnga (nSu/a1519ns)

éawﬂaaa

30 DAA 60 DAA 90 DAA 30 DAA 60 DAA 90 DAA
1. Lld)edun3e + linueuivity @sruam) 567b 433b 1167a 6583e 69.05g 223.00c
2. Jovdfhanluduvesatu + limuau iy 433d 533ab 3671  7243d 130.89b 14153 h
3. Joyaln + Lipuauiviiy 500c 367c 867Tb  8383c 62961 190.52e
a. Jovdhanluduvssetu + Jeyald + ldmvauduiis 233h  433b  533f¢  37.300 6213) 157.15¢
5. laliledunid + muauiviivmeussnuny 333fg  600a 800c  60.15f 182.77a 119.56 k
6. Jeominanluduuzsaii + mumuiviiwsnoussnuey  4.00de 500ab  500g  37.251 79.12e 89.251
7. Joyaln + muaniriviussnuay 300g 600a 600de 2614k 7845f 140501
8. Jevsfhanludussatu + Joyald 500c  600a 800c  4383g 10250c 136.40 ]

+ PUAN YU LIILAY

9. LalileBunid muauiviiviegansida iy 833a 367c 633d 9649b 6530h 264.75a
10. Jovinonlududzsaty + muuivitwineansidniofis 3.67ef  200d  433h  111.14a 9649d 239.75b
11. Joyaln + Auauisiivieasidn iy 333fg  600a 567ef  3351) 6527h 162.12f
12. Yemsinanlududzsatiu + Joyald 3.67ef 367c 633d 4L.74h 62.21j 21265d

+ muAuTriYmgasmiaiyity

% CV 1.54 1.47 1.52 1.65 1.60 1.47

F-test *% *% *% *% *% *%

DAA Tumdan1snaaed (day after application), Jensinanlududgsatu 8nsn 2.47 dw/ls, Jeyaln dwsn 1.67 du/ls, anue
Teiwreusanuay 1 asvisow, muauiviivimsansiagseuuarlusina 8ns1 320+320 nfuanseengnd/ls, »* Aadelunadud
Affumednwsnesinguilliuiiouduuansiiinuwandsegaiidudfeydmieada (P<0.01)

o

nauildmuanfriefundguiieauauiafis wud Anedenrumuuiuasisinasvesinideiu
fiauuansafunisadd (P<0.01) (3197t 5) Tnenguitlaleuauivindanumunuiuuasiminanvesints
wnnnhnguiimunafsits dunduiimueyfuiesmeussnuausiadedminaavesindefuiienuundi
yaadd (P<0.01) Tnenguiimuauisiadeussnuauiiduiinanvesindefiutosninguiiniuaudaeans

o w

Mdnduiy (115199 5) Weannnisauauirivmeusuaulaensin an aeuisiennweuvinliduiviy

fnuluudamasesiivundnisivwiindes Tuvnsiisadeaumuuiuresinidefiusswinguiiaaunu
Fufwsnoussnuauiunguiieueuseasiidafuivlifuandatuniseda (s 5)
3.3 mslddeduniduaznsnuauiviivdeanunuiuiuuaztiminanvesuianyluudag
Uandulesn

7130 Yuvdamanaaes wui mslliteBuvddsmiunsmuauiviivseansiiaviesinnumiu
YoauvvgLNTign Lwimﬂ{fﬂUualﬂ'ﬁﬁmﬂ’ﬂammLLﬁ’mumm?iam 7l 60 Yumdamsnaass mslioyaln
ﬁqmummmmwsumamsmammwwmﬂmmLLuuLLavmmﬂamaqmemnmm 71 90 Yundsnismeaes
nslaligedunissutunismuauisiedisussnuauiaumuwiuiasivinanvosuinygundiae
(57971 )
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M13199 4 wan1slideduniduaznisaruauIvivyfanUNUILLLLATUITINGAYDIUTINY
luuuasugndudzsan 30 60 uaz 90 Junasdan

AMuvLILLY (Fu/a1snauns)  dutnga (nSH/A1519Uns)

?iwmam

30 DAA 60 DAA 90 DAA 30 DAA 60 DAA 90 DAA
1. Lliedunid + limuauiuiy @smuaw) 49.00b 2833b 4167d 8670d 5530b 41.70d
2. Jovsinanluduuesaiiu + linuguivite 4767c 2300e 26001 88.00c 46.77d 26.00i
3. Juyald + Limunuivity 5233a 24.33d 3800e 103.75a 46.78d 38.00e
a. Jomfhanluduvesaiu + Joyald + ldmuaufuis 3000 2500c 2833h  5347h 3673g 2833 h
5. Laliledunid + muauiviivmeussnuay 17671 2333e 60.00a  44.881 32551 60.00a
6. {jwﬁﬂmﬂ%é’wxmﬂu + muandvfivieusauay 40.00d  2000¢ 5200b  70.48e 28.14) 5200b
7. Juyald + muauTriivmeusuay 3800e 1000 2000j 61.21f 300k 20.00]
8. YJomsinanluduursaiy + Joyald 27.00¢ 21.00f 49.00c 4289 39.45f 49.00c

+ AUANTYRYAILUTIUAY

9. Laililedunid muauiviivmeansidn vty 5167a 2867b 3833e 9112b 4l65e 3833e
10. Jovsinannlududssatiu + musivfivneansindaduiiv 2467h  1767h 3833e 3366k 3367h 3833e
11. Jayald + muauiviivmeansidn v 17671 3233a 33.67f 31251 6891a 3367f
12. Yovdhanlududesadu + Jeyaln 30.67f 2333e 31.00g 5848¢g 54.02c 31.00¢

+ AU TiYmIgasiia Ty

% CV 1.55 1.53 1.47 1.56 1.60 1.47

F-test *% *% *% *% *% *%

DAA Tundan1snaaed (day after application), Jevinanlududzsatu 8nsn 2.47 dw/ls, Jeyaln dhs1 1.67 dw/ls, avuau
Tewreusauay 1 asvieu, muruiviivmeaisingseunaylusun@a 81 320+320 nfuansesnagna/ls, ** Aadelunadud
fumednysnesanguilliuiiouduuanainfinnuwandnedaiveddeydmeaia (P<0.01)

lovhmsiUSsuifisuiuy contrast serinenguiiliteduvidiunguitlaliedunid nauiilitedunie
1 wiln Qonfhanluduzsadu viiedeyaln) funauiiliteduvid 2 via onfhanluduuzsnduuas
Joyaln) uaznguilievsinanludulzsatiuiunguillioyaliegnafion nuin Anedsanuvuiuiuuas
hwiinasesumylieuuanseiunaEdd (P<0.01) (M31edt 5) Tnenguitlallilodunigimumuuiu
LLaBﬁWMﬁﬂﬂﬂﬁuaﬂLLﬁjwuﬂu’]ﬂﬂ’jﬁﬂﬁjumﬁﬂﬂﬁuw%é o1aflosanievsinanludulzsatiudisnsduniuouse
lulmsauyszana 33.75 (Oonkasem, 2019) ﬁ’mfumﬂeﬁﬂwﬁﬂmniué’uﬂzimﬂu%Lﬁ@ﬁf\msumﬁs}aaama
asdunidrelufulnegdunishu lunmstosaneasduridesiimsanudesasdunisidoviidunsneanin
nsfvaneenuievhlidn pH vesfiuAnnsasunlaslivangiunsegsenvesiiuimyiunnesnan
5&LLﬁ'jwmi’masﬁqLLﬁamﬂ%mmsmaﬂlﬁﬁﬁgﬂuamwﬁuﬂﬁm (pH 5) Fudsanndums (pH 9) Tilesidus
n139engendn 95 (Du et al, 2022) Wiwmiuazhiuanseneenunaregseavisaniaiulalddosdaus pH 7
FulU (ALAL et al., 2006) ?N?iqwa’iﬁmﬂdﬂa@um%‘éﬁmﬂmmLLu'uLLazugmﬁﬂawuaaéfuuﬁ’magﬁaaﬂdw
nslaildtedunis dunguillitedunid 2 sdafianuvuuiuuasiaiinanvesuimyunninguild

a

Jedun3d 1 viia Weosanmslddeduvsd 2 wia Usinasinemnsfildadiuazanni Jadaasunisasayiuln

9 q
s

vouimyliunninsladedunie 1 via nquitlideninanludulesatulianuvuuduiasinninanves
wimgnnninguitlideyaln wesandevdnanlududzsaduivsunadunseing (64.66 %) ganindeyaln
(39.76 %) (Oonkasem, 2019; Chumphong, 2022) 8uvseingluAuyiliausiu emaaewlan Yagliau

o o A

guileiAau (Department of Soil Science, 2005) @suazeandwuluadvdAyniinasonissonves
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wénile (Lueangapapong, 1997) a'amaiﬁﬂwsleiﬂwﬁﬂmﬂué’umlsiﬂﬁuﬁLLﬁmgaaﬂLLasLa]%gyLﬁuim"Lﬁmﬂﬂdw
msladeyaln Wwdedunislileninluusdowmassnudueiindoiiv wu wimy dnlod warasdn 1Wudu
winndnsalldde 44 % drunslddeyandniaznuituruviinvesiviivainniinslaildde 19 %
(Cheimona et al., 2016) Fenslllevsinidueiinivitvgesninnslioyadnd
naulsimuauiuiviunguiimuau ity uasnguenuauiviudeussnuaufunguiieueuieans
ity wud Aadsrrumuiuiuiasiutinanveuivyiinnuuandeiuneadin (P<0.01) (11316l 5)
Tnenguldimuauiviviirmmuuiuasiwiinanveswimydesninguiimuguivie esn nduitmugu
Fefaiiiaismanuauisussnuausazanstdaafic BBnsmuauTsfideussnuaulaemsin on nou
Fufiwaztrensziunsfindnuduvseiudiniuashvesswihmydehlimmmuuuuivynguiiniuny

v
o

Fuivunninauliniuau sy AINUnguAIUALITIYAIELTIUALTTia IR ILas TN aATD4
WMLLINNINAUTIAIUANAIESINTR TR

A13799 5 N15LUSHUMIBULUY contrast S¥n31aNgY

L. AUV (FU/M19194105) dhuiinan (nu/mauas)
M ESUEAVSTENY] _— - " _— 5 "
Contrast , . WAUY  F- NULd] F- [137}e] F- WAUY  F- (AU F- 137e] F-
IWRINNGHA * - : -
test WU test %Y test test %W test WY test
1 1HeBunid 744 58 3515 6853 16332 3515
LilideBunid 4.56 8.67 46.67 40.80 202.44 46.68
2 1eBunid 1 viia 683 556 3467 6060 16061 3467
TiuBunsd 2 viln 8.67 6.56 36.11 84.39 168.73 36.11
3 iewshanlududzsatu 8.00 4.33 38.78 67.36 156.84 38.78
o ) *% ns *% *% *% *¥*
Tadeyaln 5.67 6.78 30.56 53.84 164.38 30.56
4 lieueuiviy 792 733 3350 6589 17805 3351
PV 6.13 6.21 40.29 59.45 170.62 40.29
5 euandaiivng
' 6.33 6.75 45.25 44.25 121.43 45.25
LIINIUAY
v A v * ns *% *% *% *%
AIUANITNYAIY
o e e 5.92 5.67 3533 74.66 219.82 3533
A1IN1AIYNY

o

= piadediauuanasegsitedAgydmisans (P<0.01), * Anadslinuunnisegsitedydamisans (P<0.05), ns ALade
luiflanuunnatsegnsidedfgmada

nslidendinannlududgsatufianumuiuiusasiminanvesiulngeuaswinvyuinninislide
waln Tuvasiinslddeyalnfunnidnandnideiuninninnslddendnaintududssadu mslddeyalauae

q

gnsinantudulssaduiinasnonnuruuiusuinideduliduandeiu nsladeninanludulesatusuiu

N il

gyalnfinasdennumwiulazminaavesivivanninmslidendnanludulesndunsedoyalregnuden

fedu Vinunsliedunisuazaiinvesidunisinademnunuuiuiasintnanves fufivdueg furia
vosTufvinulundasign wu nsliveanananyagnsdmaliniumunusiulas anavainvanevesiuiiy
anadlagimzyitluniie wavnislivesvarnnyagnsswiulewniddianuruiiuiasauvainvale
vosTrivdeunitnisliyaansuaryala (Kordbacheh et al., 2023) Mslilendinanyaladdnurinvesiviy
wnnhnslalitoussifsdutnuisesTufiold 80.8% (Platis et al., 2023) MelideyalnaziusuiuTuiie
lupuwazaNuanaevesisiluan MLINdaNLieLaY (Materechera and Modiakgotla, 2006) n1sld

93



N3an5ide T 17 adudl 1 unsau - Tquieu 2567 ISSN 3027-8309 (Print), 3027-8325 (Online)

ﬂwﬂﬂmmﬂaqﬂi%LﬁmﬁﬂmuLuém%ﬁﬂuﬁmawwmwﬁm laun giant foxtail, common lambsquarters,
common waterhemp 1ag pennsylvania smartweed (Menalled et al., 2005) mﬂ‘fljﬂwﬁﬂmmuaﬁmf
szifindrurudaiviivlufulduinniinsldyadnian (Blackshaw et al, 2005) fausfinnnslddenin
nluduizsaduagiimmumuiiuiasihminaavesiuivanniinislideyald uddumumsliteniinanly
duvesatiu (900 vn/l3) dnimslideyala (2,000 vm/ls) Fsmslidenhanluduzseiuiieandunu
Tunsuanduursanasdunslivsslovianntaqudolimeninnunslufiud mnineasnsfesnislidendh
nluduirsamtuyalimsimaiiunisdams fufisfiuniy
nseuauisfivdanumuidusastminanvesintawazdnidefutesniinislimunufudie
Tusnirfimseuauirsfisdaumiuwasiminanveswimgsnnriinishimuauieits nsniuau it
feussuay (hijufeuazads) wxfimnumuuuvesindefulisstunsldasiiniviy uwinisld
arstinivfivasdanumuuiuresinauarimytesniinisnunuisfivdoussuay fafu lugag
30-90 Jumdsugn mnamanuintauazuwvymadentdastintuiiy mnnuindefuaunsadenlds
nsmuRuRBIILAY (iiudeuazade) wienslimsiiniviald el mefnwmavesnsliledunie
uagnsmuAsiviisonnumuiuresiviiluuUasgndulssanaiifssesnanisinuiiiosdas 90 Su
ndgnuagAnuiamenaiiindueiminiy defunsdnvlusserenandulsslonilunsbudunaresms
TiJedunsduaznismunuisivsed uumdavesivialuiu Anuvuwiures ity Anuvainvaneves iyl
naasivln dihanuasiminuiwesiuiiy nansenusenswlyiulauavrandnvesdulysn dudu
ToyadAglunismunuiviylunvasigndudesasely

4. a3

(1) Tuszwg 30-90 FundsnisnaasinsiidedunsduaznisaiuanisnsinasonIunUIwIULAL
imiinanvesTaivfinulunasgniulzsa (2) mslitendnanlududssndudsmalifinnumuiuusy
thwiinanvesindawazuivysnnnimslideyaln Tuvneiinisiteyalifidunandndefunnninsld

+

Jenlinnnlududzsatu mslideyalnvasdevinanludulzsaluiinasennuvnuiuinideiuliunneiaiu

(3) nslddensinanlududesadusindudeyalniinadeaumuinduiaziminanvesivigainniinisld
Jendinanlududgsatuvsedeyaliegaie (4) mimuauiviivrieussuay (hsudouarass) dwali

3
= '

faumuduresindauaswimymnninsldasiidataiy luraeiiBmanuaiaiais 2 FBinade
anununuudnDeiiliuansnaty memususiivioussnuaulasnisia 01n aeurhlidminanuessings
waginideiutosninslianstdaivity wimsmuauiuiedoussnuaudmaliiminaaveusimsnnnd
mslansidaduiis (5) mnnunsnsiesnsiindunieTngluiuugndulysevideuudssnaadBivmanienm
voshuliAty invasnsanunsoldidevinanludutzaatiufissedafealdiiedunsldusslovdantag
wideidluulasgnuasandunumandn (6) Tuszey 30-90 Jundsgn mnwudntjuasuimluuasaisld
asidntaiouimmmuindefiuamnsodentdfaimanunudoussnueau (hiudeuszads) vidomsldas
sdndaiiold shedl msfnwinavesnslileduniduazmsmueuiainlussazemandutsslomiunsiudu
moduuwdavesivivluiu Anuvuwduvesirie A nasvesiiy warnsasyiulavesiuie
Tuulasgndudzsn Sududeyadfalumseunuiviinlundasgnduussadely
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Abstract
This research paper aims to create a robot ABU 2022 that can perform the mission “Conquest
the Tower Cycle to into the Land of Bharat” by applying an Arduino microcontroller board to control
the mechanical system of the robot by receiving signals. The input from the Joystick play station PS2
wireless for Arduino is used to send signals to control motion motor drives and pneumatic controllers.
with the following objectives: 1) To study and design the structure of robots. 2) To study and design

a motor control system with an Arduino microcontroller board and 3) In order to design the robot in
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accordance with the rules and conditions of the competition. The operation of the robots consists of
1) the first robot must destroy the Lagori Tower, 2) the second robot must throw a ball at Ball placed
on the robot which is 1,300 mm above the floor and has a distance of 3,500 mm., and 3) let the
robot go to the Lagori from the floor, and then placed on a 200 mm high base at least 1000 mm.
The results of the experiment show that the structure of the ABU 2022 robot was designed by using
the Arduino Mega microcontroller board as a processing unit to control operations according to the
commands of the PlayStation 2 joystick and send data to the Arduino Mega microcontroller board.
Arduino Mega 2560 processed the commands to control the robot by programming and executing the
program into the Arduino Mega 2560 microcontroller board, so that the robots R1 and R2 performed
according to the rules. Therefore, it allowed controlling various control devices to develop, create
benefits and increase the efficiency of studying and designing robot structures to be able to perform
missions. “Conquest the Tower Cycle to into the Land of Bharat”.

Keywords : Robot, Microcontroller, Motor control system, Pneumatic system
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Hagtumeluladnisnunsianjusuddudnduniaildfuanuadlannemnelng Taonisudei
viusudlussiumilivansyssamuansatululunn 4 U dluduresmssenuuunalnmewiueus (Khankasikam
and Pilathoi, 2016) wayNTeulTUNTUAIUANNITINNUTBUENA (Prakansamut,1991) Timsngauiu
nsudstulunsarUsuiadymuavauassaiig 9 ‘1'7iLﬁﬂﬁuimEJLawwmmfmmmmmﬁLﬁ'aﬁaﬂﬁwjuauﬁ
(Muangjaroen and Bowonwattanadilok, 2018) ﬁ'}lﬁLﬁuLLaﬂﬁSﬂuiﬁﬂm q anUsvaunsaliilesu oy
TsuenApuwWas (ABU Robot Contest) wi¥efiiandu 4 41 “ABU Robocon” \funismsutsiurjususives
tAnwlussiuedfinu waesvdugaufinu fntudutsssmnd nendndiliusuiinisialuutasd
sliiunnUsemaandnveaeTyazmyuisundnidsuiuudinmyn 4 Y (Kotmanee and Muangjaroen,
2022)
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Tugnugidiinw deanlul wa. 2557 dasajusudiduredu ABU 2014 To “gulen” lneussmaduiedu
Foonuuuinumsusdulugiuzidinm dealul wa. 2558 Ieassusudidutedu ABU 2015 e “vueud
wunfiudu” tneuszneduladl@adudeenuuuinunisudetiulugiugidnnin (Muangaroen, 2017) siaunlud
wa. 2559 Ifafrmjusudidiudadiy ABU 2016 Be “wdsnuuiavdaauszmelan” Ussmelneilugoonuuy
nuNsHUetulugILEdnm (Muangjaroen, 2017) siounlul w.a. 2560 laasaviueusidiwgadu ABU 2017
Fo “gnsnsauseu” Tasussmadulafifedugoonuuuinunisudedulugiuzdinin (Muangaroen &
Bowonwattanadilok, 2018) sioanlud w.a. 2561 lsasesvususdiduvedu ABU 2018 3o “gnansfansdu”
IngUseimadoaunududoonwuununisudsiulugiuzidinin (Muangjaroen, 2020) siounlud w.a. 2562
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nsudatulugnugldinim (Muangjaroen & Kotmanee, 2021) siounlul w.a. 2563 loadaueudiuedy
ABU 2020 B0 “IsTu 3nd” Tneuszina®id iugesnuuuinunisutsdulugiugidinin (Muangiaroen &
Sukruen, 2021) wagsienlul w.a. 2564 liarmjusudidiudediu ABU 2021 Jo “anainvios anuiluguau
flans” Ineusewedu Wudeonwuununswiadulugiuzdinim (Muangiaroen & Kotmanee, 2022) 9108
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edyTavuzidauiasemalnglaniunnde
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M191991 2 HANITVIAFBUNTSINUYIYUBUA Seeker R2

adsiinnsou Beanln3 (10 AzuuW/AY) AZLUUTIN nandivihansia (uai)
1 1 10 1.30
2 1 10 1.30
3 1 10 1.30
q 2 20 1.30
5 2 20 1.30
6 3 30 1.30
7 3 30 1.30
8 i 40 1.30
9 5 50 1.30
10 5 50 1.30

N7 2 uanswanTInaesnIsTeTesjusus 10 ade Insusiavafrdngesailnaimun
5 §ulunan 130 wift Feadedl 1 anansodnGosailngld 16y Suhnsusuusiaaviusus R2 lunil 4 aunse
Sni3edld 2 Su Fohmausuuisiviusud R2 W uazadafl 9 uag10 annsadnesalnild 5 Su fawa
nsneaeslaussainguszasd Feannsadniiunsudeiuyugud ABU ROBOCON 2022 Tngnisldususiy
ﬁu’nmmﬁﬁﬁqﬂiumiﬁwmuuagﬁwmuLda'a‘uisu ngnAninsudstuueudeJeduidauialsendlve (ABU
Robot Contest Thailand Championship) Hﬁlmnﬂ%

M131991 3 HANIVAFBUNTNNIUYBSYUBUA Hitter R1

ASINagEaU 84 Ball on Head Ball on Head nainnNsha (W)
(@nuea 3 gn)

1 3gn 0 130
2 3gn 0 130
3 3gn 1 130

2NMI97 3 uanmanIIAaRINISTUTeiusLs 3 ads InsurarafiayBs Ball on Head Viaviun
3 gn ngluna 1.30 unit Gaadadl 1 @1m19089 Ball on Head 1# 0 gn adsdl 2 aunsnds Ball on Head ¢
0 gn uazASadl 3 auninds Ball on Head ¢ 1 gn Gwanmeassldussgingusvasd Saamnsadnio
nsutdsturiugns ABU ROBOCON 2022 Tasmslfususuimundidfiaalunisvauuasvinuidouly ng
nAnMMsudstuueudedyavusidauialsemelng (ABU Robot Contest Thailand Championship) lan
ynde

M131991 4 HANITVIAFBUNTVINIUVBIVUBUA Hitter R2

AsYINagaU 89 Ball on Head Ball on Head naiINNsHa (W)
(@nuea 3 gn)

1 390 0 1.30
2 390 0 1.30
3 390 1 1.30
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NMINT 4 wansHanIvanRIMIINUTeusuianun 3 st Tnsudagadiasdeuaali Hitter
R1 fiavn 3 gn nglunnan 1.30 unil Gandadl 1 anunsads Ball on Head 1 3 gn a7l 2 awnsnds Ball on
Head 1# 3 gn uazAafl 3 awnsnds Ball on Head 1# 3 gn FawamnaaedidussgingUszasd Jsanuns
dhsumsutsdiusjugust ABU ROBOCON 2022 Tnsnsliusfusiuismuadidfiaalumsviauuasvhaudeuls
ngnAn1nN1suaturueuieJederuzidauvisUsemalng (ABU Robot Contest Thailand Championship) &t
Aunte

4. a3

lunsesnuuulassainaveaiueud ABU 2022 Inenisldueinlulasaeulnsaiass Arduino Mega 2560
hundumieuszanananiuaunsinnusudidsvedass PlayStation 2 wazdsteyauiiuednlilag
Aoulnsalans Arduino Mega 2560 anuszananamudddunsdsiuvusudlagiBnsauauazaunslag
ms@eulusunsy wazmsvhauvedusunsuadluvedalulasaeulnsaiass Arduino Mega 2560 tilelvijueus
R1 uwag R2 vina1umung ninn

4.1 asunaniseantuulaseainevesiueun ABU 2022

Tumseenuuulassainsvenjusud ABU 2022 Iffunuuinannieiesdsgmeaiaduea lelsitindun
teawaduaalaliindeuluauiy duslassaiiswemiusudioanuuulagldlusunsy Solid Works 2016 lagil
yuinlassaisvejusuinunAninisuadu ABU 2022 Gsdenndosiuiuideves (Muangjaroen and
Bowonwatthanadilok, 2020) Msa3auazesnUULLEUs ABU 2017 “gnsnisatusen” damuindiniseonuuy
Tassadsndeaiatusnnidesnnimatmuseutudsundugnueauny

4.2 @3UNANITRNLUUTZUUAIUANNBLADIABUDsAlulATADUINSALADs Arduino

lumseenwuusyuumIUANNBmaisuaialulasAaulngames Arduino TaeusudslunAIuANLAL
nsulasteyadmivsuddmsnatuuasdideyaludsindu fidsuasihreuvasoyavesaey Ps2 Ty
foyaves Arduino selufsuesn Arduino leUszananamumdildiBouliiledieeniening vasalilas
Aoulnsalass Arduino Mega 2560 ﬁmﬁwﬂszmawa%a;gjaﬁiﬁmnuﬁaﬂLLUaﬂ%asﬂaﬁlﬁ%JUﬁwé’qmﬂuﬁaﬂﬁw
uazvhmseldnmidddluiiuonuesalaueines vesalasusinesimihisuteyasnuesalilasnou
Tnsnians Arduino Mega 2560 uazthdndsiilddwiolufivawmediieviiniangu Tuimih was wunduly
srundsosmeinefindeuiivhmihiiviudouuy Tefii lunsideuimudids uvdsdnglvvimhiiaelaluga
gUnsaling 4 nelurees Feaenndesiuauidy (Muangaroen, 2020) MIadnauazesnuUUYLELd ABU 2018
“an?aelenstu” uag (Muangjaroen and Sukruean, 2021) NsasNLATERNKUUYUEWA ABU 2020 “Islu
$nil” damuihiinseenuuuszuumunuuameifsuesalilasrouinsaes Arduino AdngARstuinnnT
THit3u-dedoyauuuansain PS2 muaunsvhauwesszuuavin

4.3 syunaniseenuuUiusudldsenndastunAniuazteulvuasnisudedu ABU 2022

1. myvhauvenjusudmunimmsudsiuluvasiiluihe Seeker R1 nsAavavjususd Seeker R1
fio meianenesaln3 Wesudyaansudeiu HUIRUUEWA Seeker R1 vinsBiegnuea 3 gn laenises
Qﬂuaaﬁuazawuﬂiaﬁﬂé’l,ﬂm 3 QﬂLﬁwﬁuLﬁaﬁwawaaﬂﬂ%mﬂuiwmm 30 it levhanwanlnidSasie
1V Seeker R2 azduvhausisludinvesnsindeanlnstuunln

2. mevhawvesjumuninnsutsiuluvasidudie Hitter R AsAvvesjusud Hitter R1 Ag
SoFumauteiusiusud Hitter R1 asvhmawdeumiouse Seeker R1 vasthenssdmhatsnasailnivun
WaeVN15B9auATUSTEYIAN 30 3WiT 91ntlu Hitter R1 waw Hitter R2 azSuvhnistavinensdndes
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nesanlnsTuL v sensstn Tngagisnan Hitter R2 in1sAvueadwmeds Hitter R1 wieli Hitter R1
¥1MN1584 Ball on Head ¥84 Seeker R2 vadensstnaiiogAinsuiadu

5. inAnssuUsenA

YOUBUAMENANY LIRS B9, Wiesulsad ASEIY, Wiednug Wi, usEnaingn Auae
wweAtanl afosvoman uavuiead Weanwy wndnwavivinalulainsauunauiilieusiuiiouas
vhnsaisiugudifienaae ulag AN EuasANE T NYD AU LAY YB UANAMIINTEYDIANVTIV
vl uugilumsaiwusuindd
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Production Methods of Ready-to-Use Fermented Vinegar Starter Culture
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wiseshmduaeynindunIssnuiieavnmiilasuanulieuanntulagiu Wewnnildiuiieungs
warUSuaunavessyuuing 9 lusunie wu anrnuduladin annsavauvesluiuluvaendon Jeaiunsinie
warloanudolisa Falunszuiunisndniivuneuiireudisdudounasdesyinluiesfufiniswingu 3ala
fns@nwazimunawainduaeyvinuuuiiaidlummidnihduaeyiveidedenisudn nsvuds way
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Prwann1stuleuvenqiunid lnenuifeillifnviieuiisuingiuivnganlunisudnnaidesyning
LUat1697 NAdUYESA $1917 warlanednn Anwd@iunauNvIgann1suuleu NS UIunNSHARNARe
duaneywuuwie uenanfififinwiaaumgifimuizauuazeignisiusnyinaweidwmanoUszdnsamn
lun1sndnurduaney lneldiwe Acetobacter aceti TISTR 354 Tunszurunisuliniuuisdeiiles wuin
Uanedn wauiu wniwea 95 wWesiud uaznsalustletin 0.2 Wesdus iiuaamgll 4 ssnwaded a1unse
ann1sUulauwazRUsnwlauIuda 5 &Uani Inedasdunvii 1 way 5 ausandnnsnesddnlalauiiaiade
WU 6.08 Wasldus way 4.50 1Wesidus muaiu Juaneaeiu (p < 0.05)

Addny : ndnTe Wduaeyndn 91gnIsnUSnY

o

Abstract

Fermented vinegars are popular as healthy drinks due to their high nutritional value and
ability to balance the various systems in the body. For example, reduces blood pressure, decreases
the risk of cardiovascular disease, and prevents infection and antivirus. However, the fermentation
processes are complicated, and the procedures can take place only in the laboratories. Therefore, this
study aimed to develop a ready-to-use vinegar starter culture for vinegar fermentation and convenient
transportation. The study was conducted to develop a dry starter culture for vinegar fermentation to
facilitate production, transportation, and to reduce microbial contamination. Raw materials were
compared to the suitability of four substrates (rice flour, pineapple pulp, rice bran, and rice bran) for
starter culture production. The additives that could reduce contamination in the production of dry
starter culture for vinegar fermentation were also investigated. Moreover, the study investigated the
optimum temperature and storage period for starter culture that could affect the efficiency of vinegar
fermentation. Acetobacter aceti TISTR 354 was used in a semi-continuous fermentation process. The
results showed that rice bran mixed with 95% ethanol and 0.2% propionic acid stored at 4 °C could
reduce contamination and be stored for up to 5 weeks. From week 1 to 5, the average acetic acid
production was 6.08% and 4.50%, respectively, which were significantly different (p < 0.05).

Keywords : starter culture, vinegar fermentation, shelf-life
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1. uni
msw%mﬁwé’umayﬂuaﬂﬂismﬂlméﬁv’ﬂLwiéﬁy’qLamﬁmmamﬁﬂuisﬁm%’aL%aul,l,azLidluﬁf%'mimamwu%w
Foasfumansineusssuend Tnefiialifasfimmududureninaegneaumsuazazgnuaosliifnnsviin
Tneidedaniivsuintunaldl ansudsuthmaduseanesedaniudoosifnuedauuaiiGefiognu
sssumAarluvinlfiAnnsasuueanesediiunsnesdindnass (Gullo & Paolo, 2008) 33nsfananazdies
Tavornailunszuaunmsvinumssana 2-3 Wou naenaulssansnmeadelilunszuiunvifuay

ANNYBINERS eIt dNa eyl lladiaue nanfe KanduTTlAIUSINMNIReERngslurSemluvsesn

P
= a

Yaugaunsdvilnauluseninanisvsindunavinlindusavesdndaasuluwagliviusulseniu

q

AgdnsUuL
Tunsuanndndasinduaegindausuiuiideddnddethdumonionuaauninveswan il
armdsiiane fufuguamuesdorndumeyituliasdedimumzanluniswdn wu aunsadu
weanesedliunsaesdinld annsnadundusaiimelaliunndnsasiuasdnunmaiiane feuaunse
TunmsaSeivlaldlunandising IuﬂWiL?ﬁymfuyaﬁ%ﬁmmamé’wL%ya?jqﬁmméwﬁa,;l,ﬁaﬂmﬂ%ﬁwmﬁmﬁ
venelildUsmnmnn 4 (bulk starter) Fosiiduauveawadifiinegiudiuiuinn Unannnsludouves
Lﬂ?ﬁyaagauw%'éﬂjﬁmSuﬁmﬁ]ﬂ'aiﬁl,ﬁﬂiiﬂﬁaﬁﬂﬁawmsl,u'wL?’m WU Escherichia coli, coliform, 8asvsasn wudu
wazdasdifanssumelinszuiunavindid Afiddnlunadanddordumeysuieananmaneds (sub
culture) annsaneliiAnnisnaetuglifednavinliAnmadsuuamadnuusiasanauiRvesnddeld
Paqiumsndnindumegniinannsaidenlindrdestiaman (liquid starter) Safuninfieninnldiuoghs
univane annsndivinuwdendsluufinaiiismerenislinudmiunmsudnusasadild dofvasnisly
né1deriindfe awnsnUfuguamuazaneaeuliteulinuynadufiolildndunassavesmansuaiia
uenanidairesonisilulilunszuaunisvsin Tusasdimslindded-dumeyminelinmasddosin
Fewoamsvudnsdififusznounisuneimaddondifenslusuds enafimannaesimes dolmAntym
msvudeuldite Tumsdnwadiifaiuumdunsiaumdndasinddothduameyniniifieauause
ililunsvuumesninlduiiuasiesonisvuds foliiamamnieezmezauialaymnisuudeu Tusswing
nszuaumsuudssuinmsuutleuld maomaufimsfinwiongnisiusnendnsasi mesgsenvesdiotnduaey
wazanuanssolunavsiminduaey iledundndusinddethdumegmiindunuunieurenonmelulad

a

gandlvdlarely

WeardRnuodanuaiiGoutseandu 2 3ifa Ao Acetobacter wag Gluconobacter fnmauta
Tumswiinlgnsemindy Tas Acetobacter annsnsendladusanesedldininimangladlunmsasiansahdu
Tusaudl Gluconobacter firuanunsaluniseandladinmangladléfiniueanssed agrlsfinmumudy
Acetobacter aceti LﬂuLLUﬂﬁL%‘aﬂzjuaz%aﬂLLa%mﬁﬁauﬁmﬂﬂi’ﬂuﬂwwﬁﬂﬁﬁé’mwm\;maﬁqmiuqmammsu
WATS189UNI5UN Gluconobacter oxydans subsp. Sphaerricus m”[:i’ﬂumiwﬁﬂﬁwé’umasﬁuﬂifﬁﬁ%qﬁu
watuiiUiinashmanglealuyiinags flesanide Gluconobacter oxydans ansaldnglaaléfingy
Acetobacter aceti wupfise Acetobacter sp. WiayldafifovreudaUsIN 4.0-4.5 uazanunsanIaylél
aﬁqmﬁﬂmm 54-6.3 luvusfiiowi 7-8 :ﬁ'ﬂ13LaﬁzyLauimlﬁLﬁaaLﬁﬂﬂaaLﬂﬂﬁu (Lotong, 1991) wupiisy
Acetobacter sp. axgnvnaneiilananinifndusganysaiaunseitaUiinueanssedlunszuaunismsi
gnivdsuluauvuadsiinalunisviianeiwadves Acetobacter sp. Wunaainanududuvesnsauedin
Iumﬁmﬁmsﬁﬁﬁmmawﬁﬂ (Krusong & Pongsawatmanit, 1989) miﬁﬂLﬁaﬂqaum%'éﬁ%ﬁﬁmmamLﬂuﬂﬁﬁL%a

v &

asinsfndoniiieildaneiugia dennsinuauiilaeviall (Lotong, 1991) fie Wuaeiugniuszansnm

q
'
v

Tunsudn Windndowilingdu sa wazlledudafifuazduiivensuresfuslnraunsaiiasdudenisiaiyves
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AunTdUuUeunauvsdnneliiiansindsnazaunidnalsalan anunsasauavalivfianssuniswsin

Iodlugae fivey niwazanmginii Wumeiugidanuansnaiusnssy Jdudunsureanisudnnd e

finnuduludesnsisaeulsvavinmueaursdesadnateuazmsdumenuiniensnsegsenuiu wie
Hnauantalunisnusiean1isiingaousng 4 laege

v
o aao a

nédefinanielflugnannssuemandniuiitniandedunnsineiu Gesududosdquaudd
(Lotong, 1991) Ao egluguuvuitlideuaznzauivianssisnmeninusazadn mstiengluniafuinm
uuneauas neiigaunisidiiussansnmnnnefiazdniuianssunisviintaniiléinzdeuasnan
Tunddeseslifinadeninudsuulaseindusaunzauantddu 1 vesewnandn nddefinanuneidy
gnamnssNazAesegluguiiesenisuuds

n&dothduaeyluatonouazfeulfifugnudaidumey uazuenanignutaddlfidundde
Tunsuanmdn anln 410mn Gagnudeifaslusaun dvnwa Liflsesunnin feuntadugngu Mfnan
mayvowtwnriy Wevdazgoidunsandon Lifindumiudio: Tnsgnutiesndunddeduviaiimanan
o9 Bevt wuaiiSe fivsinudalinandnfusnsnatussinisudngnuitsihdumeydnlunsinldide Acetobacter
spp. mssdngnutiadunidavntuiiinsuanaylng wdoana Wu 91 nsziiien winlne aendumi
andumnil %aagulwm%‘lmmmwa"]ﬁ%ﬂwé’fusjgﬂﬂmﬁzy‘uau%aﬁ (Lotong, 1991) tiaz Mahinthronthep (1986)
wuhdunauvesayulnsomnsauitgrlunsiugnuitahduaey WWun winlneam wagaenduni oghay
3 wWesidud uazandumi 1 Wesidus Iﬂ%huwamaaayulmmﬁ']ﬁ%hjé’u5&mm%cy Acetobacter spp. W
sxfinasionstiudfeansiadaues Bacillus spp. wax Aspergillus niger lianindhunaudu 4 nsiunsalusilodn
waustiwannsUubouvesdiorlinduld Tnsnssuisnsvignuilduduusnasiosdindendeiannsany
nszUIUMINSINITMSHARTIgaMgTae egnsegsenguazanansavhliiengnsifulsuny 9innsdn
Wiguisumaingnuldiuidaenismnuisiazeuludeugamgil 40 ssmwaliva way 45 asrwaidua
Hunawie  fu snuiinisasanuturesgnutiann 27.4 wWedlud aundoUszunn 10-11 Wedifus Bs
HuseRueuduiivgafanssurendunds wavasfesmnuanUszana 6-8 4l Tneqdunidazanasvie
Ussanas 107 cfu/e Fadesniinseudt 45 ssmwaded 24 dalus Ussanamilawing wasifesninniseud
40 ssmwadea 24 $lus Usvanas 10 wh (Lotone, 1991) wonanidsiinsAnwiifundndeilaluns
w4 fesyhagulnsianaudifudouuniiGouasdmsanmsudeulunssuiunmsvinliiflenare
TAnnsuindeld Tnewuindniuagniung anunsatiensedumsiasyvesdad laslawns azdionsziu
Thdeinswsanivialéfitu (Dung et al., 2005)

orgmaiugnutls gnuteiliiulildumasdoaurts Jaazannsatsdesiunnaiyvesdionvudiou
vndn waznisiivgnuidlugiduluneusUnainszanlymnsgnianelasuuaiazyilidunidlugnuds
anduIutIas 1NNsANYINISITInTanves Acetobacter spp. Tugnuls W‘Uj’l@jﬂLLﬂﬂﬁﬁuI@HI%ﬁ’mNﬁﬂﬂlm
alwsitliifunsalustlednanfviigaumgieddumnds 12 Weu lneuhinaudeanasan 6.2 x 107 cfu/g
Tugnudslial wde 5.4 x 10° cfu/g Tuwnisignudsiindnlaeidunsalustlednadudunanayulnsaziivd
gaungiviedlduuiios 3 dUami usdaziivlugidulduiuds 24 dou Tnedloaranasain 1.1 x 10° cfu/g wide
Wins 4.7 x 10° cfu/g wazgnuilsiiiqdunidndongil xfivssaniamnisadannsnitgnutidviiios
dintlen faduniaifiunsaluslefnsrudvayulnslunswiougnuth Ssdivisafuasnade Ao avanunsoiu
gnuildldlaglsifoesy Tinmsuudouvesgdunidd daunmawdeugnullagldayulnsduasdesss Tufasmavuiiou
uiagannsaiuiigungiviedlduiu mnedenisiiluliluuvasitliasnsodivlugiBuld venandsmudi
mslddugndwmai uay nseulugunumaninuaninalignuiisiengnisifuuutiu (Lotong, 1991)

113



N3an5ide T 17 adudl 1 unsau - Tquieu 2567 ISSN 3027-8309 (Print), 3027-8325 (Online)

uaﬂﬁﬁﬂﬁé’quudmmﬁu%“ﬂw’méﬁL‘??aﬁisi’ﬂumwﬁﬂhﬁimemwsﬁu%nwﬂuqa polypropylene ﬁqm‘mqﬁ
4 psmwaidea uarlinagauduarannsoaiansmnsaureaunidlundideuuunislding,
msiiufigumadl 30 esmwalisavinliliuSinaueanesedandunnit dddusgningisnsiAuinm g
nafivazfuiadefidmadefanssunisinnuresgduns (Dung et al, 2005).

Fafumsfinuideluadedfeiingusrasdilefnvwasianmandnnddeidumeguuuuisdmsy
nszvIuNsthdumey degteliiinnuasmnsonisllld dedetunounisvuds drwannisuuiiouves
FeqdunissureliAnmauiidensenaudaorgninivinuldenuuiu Tneingavililunisnuluaded
1w wilsdd nindudzan $191 uaztanednn Tasshnsnuiieuiisuiinade dudusazmsdaiden

o a

TagRuiimzandmsuiluundndueiiduaeyminidinanin

2. A5N15NNa99

2.1 mawdandnde

Tunssurunmsnannddoasilisufiouiomn 4 Yaghu fo wllddrudh nindulesa $14m was
Uanedn Sausaziagivasinszuaunsshideiiuanssiunudnumsnanienin AowasidgnszuIug
Waude Acetobacter aceti TISTR 354 waglddrunauniugnsning o iedussnsuitouvesdiogdunid
Tutumeunsuanuasnsfiuine fedl

2.1.1 thuthdduazsdn Ysina 200 ndu shidefevsiotnudule (Autoclave)

2.1.2 thnndudzsn Ui 200 ndu U shazenuazuaeienuea 95 wWesdud Wuna
2-3 Halas iflegesUiinahmanazinde

2.1.3 tuatedn Vs 200 n$u Sdlfaveraudasndedendiofaudule (Autoclave)
sdniuduihlusnmadin 1:1 whnhluduiigamnd 70-90 ssmwadea \una 5 uil Adviduasiigamai
75 parnwalea udufseulus Termamyl SC 0.01 wWesBusvastimtinanedn uarilgnmai 55 ssrnwabed
dueulesd Dextrozyme 0.1 wWosiud auliidruudniluvad 55 ssrnwaded Wuna 26 $lus Ineaza
vl 30 samuindauly dludaniludamdin 12 Wanedm: i) fulidesuasinlunseniioon
Tuvmeitsou Mdlbufigamnfivos

ihingRuiiunssindonds Tunnaeswantudiudssneu 2 gns Ao

gnsil 1 wauduedoana Tiun winlneun gnduml senduntl uaznaudy Acetobacter aceti
TISTR 354

ansf 2 wawifu tovuea 95 Wedud nsalustledia 0.2 Wesduduasidio Acetobacter aceti
TISTR 354

thlumnlugeusnufeuusia (Hot air oven) Wiusisiigamail 45 ssenwadoa Wuszeznan 1-2 Yu

Y

wusTIna e dumeyninuuuwislugeegilideuviesd

2.2 mswﬁnﬁqé’umawﬁn
221 msusintnbanihduusse
vimswsinlay Tneldduzse Yondenvuduguudridnadesdutennin uasinidulssanses
Frethununs Sausinanimavesihdulzsadg refractometer Fuamudutursnimaideinisie
20 oarnUInG (1de, 2556) Tneligns Pearson square wagthlUduiigaumai 95 ssmwaifeoa e
15 w1l Mé’ﬂﬁnﬂﬁfuﬁﬂl’ﬂﬁﬁuﬁqmwgﬁﬁadﬁﬂﬂﬂid’]EJL‘?}IEJ Saccharomyces cereviseae var. burgundy Wag
Saccharomyces cereviseae var. montache asluthdutzsn udlifigamafivies \unan 3 dUani vl
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1 piou Tnauseana é’ﬂmmmmLﬂ?iawwawaw@ﬁ%mmwﬂﬂ avdeud ndu saeiauTnueanosed
TuusezdUnsi eufidennisviinduanas vhnsaiensewmeneudieumusiiiunsndoudinsed
Usinaueanesedlngliiesesdyadlefines (Ebulliometer)
2.2.2 ﬂ’]i‘i/iﬁﬂ‘ljéﬁ53Jﬁ’1&]11ﬁ]’1ﬂ1’31jﬁ]’1ﬂ1§'151]1]35ﬂ

mwﬁﬂﬁﬁmwwﬂﬂLﬁamaawiz?’m%mwiumimémﬂimw%aﬂmmFga Acetobacter aceti
TISTR 354 feglugund@ouuuuvis dUamiaz 1 afs ussznm 1 Wou Bunniwdeuidulzan ik
nsusdends (4-5 sernu3ng Taeusvana) Usias 700 Seddns anduiulnidudzen (10 Wesidus
weanosed TnsuUszanay) USinms 300 faddns uar ndnderduaeguuuui 100 nu weanlliiduuyan
thdudssn wasnddernduasguuunis wdeuliadunnausuaaiiinunissndodsuiosudinquiie
Qenanafnfianggiitessuiseinia ndsaniuil 48 $alus wesnismdnifnlnidutsan 1000 daddns
(10 WesWususaneged Tnsuszanay Tneviniaauseziaan 7 Su (Muangnoi et al., 2013)

2.3 malnsiviunaderaunidlunssuiuntsnanndidauuuuis

mimafﬁLﬂi']zﬁﬂ%mzul?gaqﬁuw%‘sﬂuﬂismumiwémzﬂizﬂa‘uﬁw 3 dupou Minnidieds
uAATed fo neruauNIEsInuaNde Acetobacter aceti TISTR 354, NT¢UUNINAINHALITD
Acetobacter aceti TISTR 354 friumstuiigumgiivos 24 $2ls waznssvrumvdsaninddedisly
PINU 288113 MRS agar Uuimzideiigamgll 30 esaiwaifea Wunan 48 $2lu

2.4 MIIATITIYANISEDA

ARTIERANULUTUTIU (ANOVA) way Wisuifisupuuansisesriadelngldds Duncan’s new
multiple range test fisziunnudosiu 95.0 wWefidud (p< 0.05) Inglilusunsudsagy SPSS for windows
16.0 Tun1siAsginanIsNnaes

3. NAN1SNAABILAZIANSTAINE

3.1 nsAnwingaviivanzaulunssdanddethduaeyudn
nszuIunaTeuiieutnghuilldlumandnnddoasdisnsndiuna 2 gns fvhmadoudouluns
aneutudounnszuIuNIHaR MnHan1TaaemU gnstt 1 ldannsasudinsuudeuvoatogdunie
Tusswrinsduneuniandn uagludunounismnusis lutagiusts 4 oiia Ae uleinnd nindudzan $1417 way
Uanednn Tnenunsuuidoureatonsiuaumin wnieanauidevss Mahinthronthep, (1986) fiwuin
dhunauanulng winlvevn uaznenduni egvay 3 Weddust uaggndumil 1 Wesfust Tnasonisdudy
N5SeYURs Bacillus spp. wag A. nicer tag Iﬂﬂﬁdaumamaaagﬂwaméwﬁﬁ]ﬂﬂé'fué‘?ﬂmm%zy Acetobacter
spp. ﬁaiﬁmmﬂ‘?@gﬁﬁﬁl‘ﬂummémﬂéﬁL%aﬁﬁé’ﬂwmwwmamwﬁl,mﬂsmﬁu o ldiunavayulng

a

lagusadudanisuuilouvesqdunidluingivls dddunisneasinisndandielaslddnsidiunas

¥
] a =

NgRsN 2 duanusadudanisnsyivlnvesiiogdunidlanniignsi 1 lnslanzndndeningnain yaednn

q
R a'

WumiﬂmﬁauﬁaﬂﬁqmLLaz:ﬁmiamawaqL%aaﬁumsmawqm dlonuduneusng q Tunszuaunisuan
soemfe 1917 nndulzan wazuihdridn auddu (i 1) #1991nauideves Laopaiboon and
Lotong (1988) fidnwinssuiflunssdndethduaeylusuns wud1 masdalneussginanden 10 n3u adly
gananafnyilanuou fledefl 121 swnwaiBea Wuna 20 Wil wdudnthusnivaendeiiiienuea
1 Wosfus uaznddie Acetobacter sp. 249 x 10° cfu/e ﬂuﬁqmmﬁﬁm 48 Flus vamsaneudulag
nsiuasdenitehifenaunsalusilefinauldanudady 2 Wesius vesdunay Wonsiinanlaazd
Ay 17-19 Wesidus wazideivlugifudunm 6 Wou Yhnuwadazanaaiiosszanal 1 log cfu/s
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a

mnﬁw’??aﬁqmmﬁﬁaaﬁ 30 ssmwaldea 6 dUai warflgamall 35 esmuwaldea 4 dUaw Wowvanas
Uszanal 2 log cfu/g dauﬁamﬁmémmuﬂﬁnLﬁwmmmLﬁuiuqmmﬁﬁaﬂﬁmuﬁﬂ 8 dUn v lmenu
msUuﬁaumamSuw%?ﬁwﬁmn wilunsnaaestinuin s9minsuuitoureadosludiuamnn Tneny
nMstudeususnszuaumsran waznszuIumImnui ewniisnsmdiunauiitisannisiudeu ua
sveznalunsUunaderiuanseiu uaﬂmﬂﬁ"ifmqauﬁmémmﬂLLﬂa%mﬁwzwumiUuLﬁaummﬁqm INSE

wlethd WutmgiuiiidodudafiaziBen waziesenisuuleoudiogdunid Jedawaliliaunsatudinua
nsnAaes vise WuUSunaute Acetobacter aceti TISTR 354 1¢1

10
Iy | >
8 == 31U
O %
g Cd - UaeUm
S % € o
< O NNFUUTEIA
@ S} an
aqg \—‘(20
— - )
3 > > >
& L8 N o
f@\ N
o u;é&} °}¢\§1\
o of
F9528ZVBINITVNN

AN 1 YSuauia Acetobacter aceti TISTR 354 Miin1sassyiiiulalunsdazdaenisndn
vasaed13 51917 Mndudzsa lagldanmdunaulugns 2

it 1 sty derhunssuiunissdsiaastueu Yaredn wlivfinade Acetobacter
aceti TISTR 354 ammﬁaaﬁqm fie 6.12 log cfu/g fnsann nndutzse TiUSinaudle Acetobacter aceti
TISTR 354 anasuNgnds 3.69 log cfu/g dleanann vanedn dlerhunszuiumsdesuddiudouduinma
ud Aefiasewnsiisudusemaiyiulnvesdeqduriddminunasensuey wiadlulnsiuu wiadiniy
uazuanndeus Jaduingivimnzadlunsuannidenniian Wewsuidisusuingiuau 1
3.2 nsfnwagnEiuinyazaampiifnzaudensiuinunddedndumeguuuns

Tunssvaunsfinwegmaiuinund @t dumsguuuuia ssvhnauieudeundiderhduanesy
wUULHsiERaINUaedn figungiivies uaefigamgll 4 ssmiwaiBea Insasiisvernaivinnisdny s
18 1u

8

g ° -‘-Qmmqﬁﬁaa
S 4 .

:8, /\0«2 =14 °C

£ g
=2 ° 8 o o o

= = 0 2 4 7 107 147 181U

E

& 0 2 q 710 14 18

nan (Ju)

A7 2 Usuaulia Acetobacter aceti TISTR 354 fifinnsiseysaulalunsasyanan
vasUagdngungilviowuazil 4 asAwades
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il 2 wud Yanednn Afinafuinuitonvgi 4 ssmwaidea funude Acetobacter
aceti TISTR 354 anaufisadntios fo 2.14 x 10° cfu/g Fsieanmafufigumagiives Afvsinaidoanasds
Uiau 10° cfu/g Tuszezinan 18 Ju ilesanmsifiufigamgll 4 ssmiwaidoa Wugamgiifnzausionns
waivlnveade IﬂEJLﬁ??’ej%ﬂ%’uﬁal,l,am’hgjsws stationary phase iiiUSinaudensii aonadesiueise
294 (Mahinthronthep et al., 1987) 31n13ANYINISHTINTOAVDY Acetobacter spp. Iu@JmLﬂQﬁm%auﬁw
Woutavs wuhgnutlillilngdunauvesayulnsliifunselustlednasfuiigamgiedsuua 12 deu
TneUsinaudeanasann 6.2 x 107 cfu/g Tugnudlual wide 5.2 x 10° cfu/g TuvaziignutlsiindnTneiu
nsalustlednasludunanayulnsazifuiigamgiviedlsumuiios 3 dUnvi udasivlugiduldumds 24 Fou
Tnedeazanasann 1.1 x 10° cfu/e wile 4.7 x 10° cfu/e LLﬁ%QﬂLLﬂﬂﬁgﬂﬁﬁﬁu%Qi‘ﬁmaaagj Uszansnm
msasansnsmingnuildmidiisadnties faumslinselustlefinsmfuaplnsluninaiougnuts xdivs
waduazsaidefe madunsalustlednagvilfausadugnutald Taslidossedass finsuiiouves
Weqdunid dwnefengnuislneliianzaulndy Sesndudosssiings fadosmsuudion uenaini
fawuin nslithugninumiuagniseulugeuwnumannuaninaliignuilsfiongniafuuutu venani
Tunsruaumaifivinvivansdn figumgivies ssiiesifusiarutulneads 6.05 Wedfud uagmaifu
flgungf 4 ssmwaldea asfiuefifudauiulaeinds 537 Wedidud aenndesfuauideves
(Mahinthronthep et al., 1987) fidnwuisuiiisunsilignudauvistasninuen wazeuludeugumydl
40 asrwaidoa way 45 samiwaifiua uszaznai 4 fu wuin Msanmuturesgnitiann 27.4 iwWesidud
adlindeussunn 10-11 Woddud Wussfuauduiivgaianssuvesaunid wwdesmnuanUszuia
6-8 Hlua TngqduvidazanaumdeUiina 107 cfu/g Fetfosnitniseud 45 ssmmaifua Uszanauvini uas
ffaunin1seudl 40 esmuwaidiua 24 Falus Ussanas 10 wh lnegnulladoutaviinanld delfibunddose
Ui 0.2 wWedidud Tutaquiiniifiuoanesed 8 wWedilusd sewiinldirduameyiifinsadudu 6-7 wWosidud

annsnaaest-lagldinddenuuurisiinanantaiedn enwsvesnailumaiuinuiienu
Fu nud Imsanaseatogdunidifsadntosfauinssuiunendniia 3 funou fe manauide ndwaudeo
24§39 MEWN waTNTEUIUNSAUSAY I@Uﬁﬂ%mmﬁ?@ Acetobacter aceti TISTR 354 §1 6.59+0.07 log
cfu/ml ilafuli gamgd a°C uszzim 30 fu Faduiudefinzandonssurunviinihduasy
(il 3 wag 4)
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AW? 3 Usuauia Acetobacter aceti TISTR 354 Mdin1siaseysAulnluniazya9n15uan
vaUanedn
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o

Jufi 0 Jui 2 W9 Yunile  Tun 23 Yun 30

A7 4 Usuaulia Acetobacter aceti TISTR 354 fifin1sisgysaulalunsazyanan
vasuanednl Neaumniiviesuasi 4 asrwalted

3.3 U'%mmmiwémnsﬂLLa@anﬁlé’mnmwﬂnﬁﬁuma@ﬂ&ﬂ‘fj’né"uf?gjjaLL'U‘ULLﬁa
PNNANITNNADA m‘auﬁﬂﬁwﬁuma@m81%’ﬂé’1L6??@LLUULLﬁn ﬁﬁmqﬂmﬁu%’ﬂmLmﬂﬁmﬁ'uiumiaxé’ﬂmﬁ
Lﬁ@@ﬂﬁsﬁﬂ%mwmiwﬁmmmw%aﬂ%u%a Acetobacter aceti TISTR 354 ﬁagﬂugﬂﬂﬁﬁ Wouuuuis Anwndu
Szezan 5 SUAVINUTEUAAT 1 B dUAT 4 SuSinandesdusnsauedinldunndnstuegaiitudfey
V1988 (p < 0.05) wazludun1vidl 5 Usinaudesdusinsauedfnuansnetuegnadifoddaymnsada (p < 0.05)
Hunamnanteszeznamsiiudng lkiinisanaswesUsinadie Acetobacter aceti TISTR 354 §afuna
Tflrnuanansalunisudansauedfnldtdesas (m1efl 1) denadeaiunuiseves wuWy wazane (2555)
fivnsnwmsnannddetnduansyinelamaniielilunsithdumey Taowui nddethdumey
yiawmogmafvinw 0 danv (48 lumdmnuaudioddy) aunsondniduasgiaenide gasi 1
uar 2 Tutudl 5 18ifies 8.6 uar 7.6 wWeddusd muddiy dundiferthdumseiamaiiforgmaliuin
Tuduasiil 3-8 Ssnsannsaviinuassdnnsauedinléd udidorfusnmndderdumeyeinvaniunau
10 &Uaik nudSinaanas 3.3 x 10° waw 2.1 x 10° cfu/ml Fadurailildszeznaiunnnd 48 dalua
Tunesdn Starter nouazthanminthduaey vatidosmnnlundidedhduasgsiamaenaiviinawadion
Dunamanansemmsenaiiludimalifismeiunslddmiunsruiunsiiseddinveade Ussnouiu
Werduviadiengaoutrsnueaiimananansiiiufiviumadios Sefinavilmideqdunidontsunasld

A13197 1 ansensuinunduaeylasldndnvanuuuia iioenisiniusneuansieiu asus
dUanvinl 1 Deduanninl 5 Tugaeaan 7 u

o srezEUduYaInIsudn szergavingvasnsudn
S2821IAN1SIAUNAYD — 5 3 z
Y 309 A. aceti JINIUNIATINUA JINIUNIATINUA
BUULKAY (week) o o
(log cfu/ml) (% n3AdTAN) (% n3ARTAN)
1 6.57° + 0.02 0.22 + 0.00 6.08° + 0.04
2 6.36° + 0.05 0.23° + 0.07 5.63° + 0.74
3 5.72° + 0.05 0.21° + 0.00 5.35° + 0.28
a 6.82° + 0.06 0.24° + 0.00 5.45° + 0.42
5 6.59° + 0.07 0.26° = 0.01 3.60% + 0.21

naeweg fuarAade (Mean = SD) Tupsduiidediumiumedidnysaviindulubuids wansirdianuwandieiuegned
HodAgyn9aia WelUIeuifisuausigiuu Duncan’s new multiple range test isgAuALLTDIU 95%
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NN 5 929 0, 24 wawas Falus vesmsuinthduaney aximaniaiulnvesdegdunIsiiiu
9ty Raudunsiil 1 S #Uadfl 5 wanedls maiiuinaudedunidlurieduduresnsruaunisuin
reumainliidursnderdmalideqaunidanmnsondnnsauwedinldgedu wudrtutunmi 6 Ai3ud
Msiuturendedifuinsauadinlugiefuit 0, 1 way 2 maamwﬁﬂﬁﬂﬁmmay Yeurfinsifinusuna
L%aﬂaum%éﬁqﬂsﬁu A0AAABINUNWITLVDI Ontoum et al., (2012) ﬁﬁwmiﬁﬂmmimamﬁwLﬂ??aﬂfwé’mmmumﬁﬂ
siawaufielilumaihihdumey lnewuhiignsnddethduameymiinadamaisiuau 2 gns ianunsosili
e Acetobacter aceti TISTR 354 fimsianyiulauazairansalduinngs Ao nddefiiiuimuaumu
Pnhdulzsadiudu 1 ewnusnd neuiu woanesed 3 wWeddud Werhduinswsadulawiiu 8.28 log
cfu/ml uwagnAnnIaueBanldvindu 1.29 wWesiud wargusfiiudinmanumuainihdulzsadudy
5 peruing waufuneaneged 3 wWeddud Wefinswiaydulawiiu 7.92 log cfu/ml enamiuly
48 dla Tlgamniivies Faanisfnwuninunasiyiviavesdouazmanannsaldlutiinagsiuaunse
HuidTaldn grandderlinvaiufinuansitingaudmivihluninddumeyiifigunmdld Tnedle
Wisuifisuauansalumsninidumeylaglindderdumeyniniouis uasnddordumeyuin
yiamar wuinddethdumsgninedamarannsaniiniiduaeyuasndnnsnuedanldganiindte
ihéumegminudawis iesngaanddethdumeyuiiamen SUsudeydunisiinnifiseuasiiemy
mamaiummémmmiﬁqqLﬁaﬁﬂwﬂﬂﬁwé’umay wonniffiviinaasomsiiieameriunseigvenite
gluszornaniliduauiuly uiegrlsfinunddernduamegminaiours Adsausondnnsauedinld
TutBinaiivanzay avaandelumsthluldau dedenszuiumsouds uastianmsuidouvesdoqdunie
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4. a3

Uaedn Dutmgiviunzaulunsiunliannddeihdumegiin Tasdleiunssurumsnanlu
Funeusing 4 fiusinautie Acetobacter aceti TISTR 354 anastiosfiaauaznunsuuioutiosiign lonuoa
95 Wasiiud uaznanlusTlafia 0.2 Wedifud usnsdnmanlunssuiunsudandderihduansy fanunso
ann1stuidiou uazdaeBaegmaiiuinuindiderhduaeguuuuie nafund@ethduasguuuuis
flommgii 4 ssmwaidoa Wugamgiivanzauteniafuinuindde innnhinmafuiioumgivies Tasle
svaznariull 30 Su SwmaiiUSinantie Acetobacter aceti TISTR 354 s 6.59+0.07 log cfu/g sveziIan
fumngausenisfuinvidondidorhduaeguuuuisldondvssansnmazegludas 1-4 dUaniusn
voamafiuing lasanunsondninduameylénanosdingaqais 6.08+0.04 Wosidud
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