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Abstract

This paper presents the use of deep learning network-based Convolutional Neural Networks (CNNs)
to enhance the efficiency of classifying purebred Thai native chickens for conservation purposes. This
study specifically focuses on Thai native chicken species known as Leung Hang Khao. Due to the
significant genetic diversity of the Thai native chickens, it typically requires experts to accurately
identify the breeds. There are four groups of the Thai native chickens that were considered in this
work; namely, purebred Leung Hang Khao male, purebred Leung Hang Khao female, crossbred male,
and crossbred female. A total of 1,000 images have been collected, in which 250 images are from
each group. Then, the data is divided into three sets which are training set, validation set, and testing set,
in the ratios of 60:20:20, 70:20:10, and 80:10:10, respectively. Four architectures of the CNNs have
been employed for verification, i.e., LeNet-5, CNN1, CNN2, and CNN3, with epochs set at 10, 20, and
50 epochs for each architecture. The results show that the CNN1 architecture with an 80:10:10 ratio
and 10 epochs vyielded the highest accuracy in learning, validation, testing, and prediction. Moreover,
it required relatively less testing time with predicted accurate results of 100 %. The obtained
results demonstrate that using the deep learning network-based convolutional neural network with

a simple architecture setting can effectively classify Thai native chicken breeds.

Keywords: Deep Learning Models; Classification; Convolutional Neural Networks; Thai Native Chickens;

Leung Hang Khao
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Introduction

Thai native chickens (Gallus gallus domesticus) are indigenous to South and Southeast Asia, including
India, southern China, Myanmar, Vietnam, and Thailand (Liu et al., 2006). Descended from the red
junglefowl (Gallus gallus), these chickens have been raised by Thai farmers for centuries (Fumihito
et al,, 1994; Sawai et al., 2010; Dorji et al., 2012, Mekchay et al., 2014). They are renowned for their
disease resistance and adaptability to local climates, showing significant genetic diversity. Despite this
diversity, the Department of Livestock Development in Thailand has officially recognized only four
native breeds: Pradu Hang Dam, Leung Hang Khao, Dang, and Chee (Mekchay et al., 2014). Surveys
across various Thai provinces indicate that the Pradu Hang Dam and Leung Hang Khao breeds are the
most commonly raised. These chickens are vital to rural communities, providing an affordable source
of protein and supporting both primary and secondary livelihoods. In addition to being raised for
consumption, they are also valued for ornamental purposes and participation in fighting competitions.
Fighting chickens, particularly the Leung Hang Khao breed, were registered as a national cultural
heritage in 2014, symbolizing the cultural and intellectual heritage of Phitsanulok province and
Thailand. The Leung Hang Khao breed, developed specifically for combat, is known as King Naresuan’s
fighting rooster (Laenoi et al., 2015).

The Leung Hang Khao chicken, considered a valuable natural resource, exhibits a variety of
feather colors in males, including bright dark yellow, medium yellow, light yellow (safflower or turmeric
yellow), normal yellow, and ruby yellow. Their shank colors range from yellow to yellowish-black
or yellowish-brown-black. This breed diversity reflects the genetic variability inherent in Thai native
chickens (Katano et al,, 2011). Farmers raise native chickens for various purposes, such as consumption,
sale, and sport, contributing to the diversity of their physical characteristics. The practice of raising
different breeds together has led to both inbreeding and crossbreeding, resulting in a mix of purebred
and crossbred chickens. The Department of Livestock Development, Thailand, classifies these chickens
based on physical characteristics such as feather color, beak, comb, shanks, and body shape. However,
some chickens cannot be clearly classified and are grouped by male feather color into categories
such as Leung, Pradu, Khiao, Dang, Chee, Thao, Dang/Lai, and Sa (Laenoi et al., 2015; Khumpeerawat
et al,, 2021; Wiyabot and Kiattinarueyut, 2022; Yaemkong et al., 2024).

Among native chicken breeds, Pradu Hang Dam and Leung Hang Khao are the most popular,
followed by other breeds like Thao Hang Khao, Lai Hang Khao, Nok Dang Hang Dang, Khiao Hang Dam,
Thao Hang Dam, Thong Dang Hang Dam, Nokgod Hang Dam, Khiao Lao Hang Khao, and Pradu Lao
Hang Khao (Pramual et al., 2013; Mekchay et al., 2014; Phasouk et al., 2021). The Leung Hang Khao
breed, in particular, is noted for its feather color diversity (Figure 1 and 2). Surveys in Phitsanulok
province revealed that no Leung Hang Khao chickens fully met the standard perfection characteristics
(beautiful face, color, shapes, shanks, and demeanor) (Yeamkong et al., 2021; Siriwadee et al., 2023).
Efforts are being made to preserve purebred native chickens, with annual competitions organized
to showcase these breeds. However, selecting purebred native chickens is challenging and requires
significant expertise. In a case study in (Mekchay et al., 2014; Hata et al., 2021), discrepancies were
observed in scoring native chickens based on standard perfection characteristics, particularly in

color-related traits such as eye color, beak color, shank color, and feather color. This highlights the
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difficulty in correctly identifying native chicken breeds by visual inspection, especially for those

lacking sufficient experience and expertise.

(a) Individual 1 (b) Individual 2 (c) Individual 3

(d) Individual 4 (e) Individual 5
Figure 1 Samples illustrating the diversity of male Thai native chickens (Leung Hang Khao).

(a) Individual 1 (b) Individual 2 (c) Individual 3

(d) Individual 4 (e) Individual 5
Figure 2 Samples illustrating the diversity of female Thai native chickens (Leung Hang Khao).

Despite the significance of these breeds, surveys in Phitsanulok Province have yet to identify
Leung Hang Khao chickens that fully meet breed standards for both males and females. The development
breeds of chickens for fighting competitions have contributed to the current diversity of Thai native
chickens, with the introduction of foreign breeds from countries such as Burma and Vietnam. These
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imported breeds, characterized by distinct comb shapes, feather colors, beak colors, and shank colors,
have been bred with Thai native chickens to enhance their fighting abilities (Laenoi et al., 2015; Thinh
et al,, 2015; Rotimi et al., 2016; Buranawit et al., 2016). This genetic diversity has prompted efforts by
various organizations to conserve purebred Thai native chickens for future generations, including the
organization of annual native chicken competitions. Accurately selecting and classifying purebred
native chickens requires significant expertise in phenotype analysis. Currently, genetic markers are
used to identify gene patterns in conjunction with genetic assessments for breed verification. However,
this method is both costly and time-consuming (Vanhala et al., 1998; Okumura et al., 2006, Katano
et al,, 2011; Shimogiri et al.,, 2012; Dorji and Sunar, 2014, Siriwadee et al., 2023). To address these
challenges, deep learning networks-based classification methods are relatively suitable for improvement
of the accuracy and efficiency of breed classification in a shorter time frame, owing current
technological advancement.

Currently, one of the most important technologies is the Artificial Intelligence (Al), which
involves the development of machines to be intelligent, capable of recognizing, distinguishing, and
processing images, sounds, and text through a computing brain that mimics the neural network system
of the human brain. The machine's computing brain is powered by machine learning, which works
by learning from input-output data and applying that knowledge to analyze, predict, or drive various
functions for Al. Deep learning is a sub-field of machine learning that shares the same goal but
employs a learning technique characterized by an Artificial Neural Network (ANN) with multiple layers,
known as a Deep Neural Network (DNN) (Samek et al,, 2016). In 1998, the authors in Lecun et al. (1998)
introduced a neural network with a convolutional operation by increasing the number of hidden
layers in a 5-layer architectural structure called LeNet-5. This architecture enhances the efficiency
of calculating image features, and this technique is also known as Convolutional Neural Networks
(CNNs). The working principle involves a feature extraction process, which isolates the distinct
characteristics of objects in images, such as edges, curves, and slopes. These features are then input
into the neural network for classification to determine what the output image represents (Kittichai
et al., 2021; Ren et al,, 2022).

In recent years, machine learing algorithms have found successful applications in agriculture,
particularly in animal science. For example, in (Xu et al., 2024), A multi-scale feature fusion network
for Amur tiger re-identification has been developed, effectively combining global and local features
to enhance accuracy without the need for prior knowledge or complex annotations. However, this
model may exhibit suboptimal performance on datasets of upright animals due to its feature segmentation
approach, specifically designed for large quadruped mammals like tigers. Similarly, an automated system
utilizing CNNs has been proposed in (Schork et al., 2024) for monitoring and analyzing dogs' sleeping
patterns, achieving an 89 % similarity to manual observations, but this system is limited by variations
in image quality and environmental conditions, which can impact accuracy. Likewise, deep-learning
models have been evaluated for identifying laying hens' behaviors using YOLO algorithms, showing
high accuracy in detecting hens on the floor, but encountering difficulties in accurately classifying
dust-bathing behaviors due to the inherent complexity of this activity (Sozzi et al., 2023). Another
study introduces a deep learning model, KI-CLIP, aimed at monitoring endangered wildlife with

limited data. While the model achieves high accuracy through the integration of expert knowledge,
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it may face challenges in real-time adaptability and managing highly diverse environmental conditions
(Mou et al,, 2023). Furthermore, the work in (Zhang et al., 2023) presents the UA-MHFF-Deeplabv3+
model, a novel interactive segmentation approach that significantly reduces annotation time for dairy
goat images, offering a fivefold improvement in speed over existing tools like Labelme. Nonetheless,
the model still requires more than four clicks to achieve ideal segmentation accuracy, suggesting
that further enhancements are necessary.

Likewise, for research related to the application of CNN techniques in animal science,
the following studies are notable Villa et al. (2017) used CNNs to classify wildlife. The authors in
Hansen et al. (2018) utilized CNNs for pig face recognition. Yao et al. (2020) employed YOLOv3 for
object detection to differentiate between male and female chickens from flock images and individual
chicken images, then trained the data with CNNs. This method can be practically applied for
gender classification of chickens to calculate the appropriate sex ratio in free-range farming. The authors
in Wang et al. (2020) used the LeNet-5 architecture for pig face recognition. Khan et al. (2020)
applied deep CNNs with Rectified Linear Units (ReLU) activation functions to classify animal faces.
In 2020, CNNs were used to classify images of birds in the wild by Singh et al. The authors in Raj et al.
(2020) modified the VGGNet architecture for bird species classification. Transfer learning techniques
were employed by comparing with the architectures of VGG16, ResNet50, MobileNet, XceptionNet,
and an 8-layer CNN to classify chicken droppings for disease diagnosis, finding that XceptionNet
had the highest validation accuracy at 94 % (Mbelwa et al.,, 2021). These studies demonstrate
that deep learning techniques-based CNNs continue to be researched and developed to achieve the
most efficient techniques for practical applications tailored to different animal species.

From the review of related literature, no information was found regarding the use of CNN
techniques for classifying Thai native chickens. Therefore, this paper proposes using this technique
to classify images of Thai native chickens between purebreds and crossbreds, starting with the Leung
Hang Khao breed, which is genetically diverse in plumage color and is commonly raised throughout
all regions of Thailand. The objective of this study is to develop an appropriate architecture for
Thai native chicken images to enhance the efficiency of selecting purebred native chickens for
conservation purposes. The LeNet-5 architecture, along with three architectures derived from LeNet-5,
namely CNN1, CNN2, and CNN3, will be adopted. The data obtained from this study will serve as
preliminary information for further studies on the classification of other native chicken breeds, aiming
to develop tools for classifying native chickens in the future. This research could provide valuable
insights for the livestock industry, especially in Thailand.

The major contributions of this work can be summarized as follows:

1. To best of our knowledge, there are no studies that have applied CNN-based methods
to classify Thai native chicken breeds, especially Leung Hang Khao. This work introduced four CNN
structures to classify Leung Hang Khao so that the identified results of Leung Hang Khao chickens
can fully meet breed standards for both males and females, leading to no bias in annual Thai native
competitions.

2. The image dataset of Leung Hang Khao chickens was collected from two real field sites.
The dataset includes purebred Leung Hang Khao chickens from the first site and crossbred chickens

between Leung Hang Khao and Pradu Hang Dam breeds from the second site. A total of 200 chickens
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(100 males and 100 females), all aged 20 weeks or older, were selected, with 50 chickens from each
breed and gender. Images were captured using an OPPO Reno3 Pro smartphone.

The remainder of the paper is organized as follows. Section Il describes a theoretical
background of CNNs-based approach. Section lll presents the methodology of the study. The obtained

results and discussion are given in Section IV. Finally, Section V concludes the paper.
Theoretical Background of CNN-Based Deep Learning

Convolutional Neural Networks (CNNs) represent a specialized architecture in deep learning, designed
to handle grid-like data structures, such as images. CNNs are distinguished by their ability to learn
spatial hierarchies of features through a series of operations including convolution, pooling, and fully
connected layers. These operations are underpinned by specific mathematical expressions that
govern the behavior and performance of the network.
1. Convolution Operation

The core operation in a CNN is the convolution, which is mathematically defined as the
sum of the element-wise multiplication of a filter or kernel K with the input matrix X. For a given
input image X of dimensions H xW x C (where H is the height, W is the width, and C is the number of
channels), and a filter of K dimensions k, xk,, x C (where k, and k,, are the filter’s height and width),

the convolution operation to produce the output feature map Y is expressed by, (Equation (1))

Y(i,j):chzlzlf,f:]Zﬁ‘;]X(i-l-m—],j+n—1,c) K(m,n,c) (1)

where i and J iterate over the spatial dimensions of output feature map Y. This operation
is typically followed by the application of a non-linear activation function, such as the Rel.U.
2. Activation Function
The RelU activation function introduces non-linearity into the network, which is crucial

for learning complex patterns. The RelU is mathematically defined as, (Equation (2))
ReLU(z)=max(0,2) 2)

where z is the input to the activation function. ReLU is applied element-wise to output of
the convolutional layer, enabling the network to learn non-linear representations of the input data.
3. Pooling Operation
Pooling layer, such as max pooling, are used to reduce the spatial dimensions of the
feature maps, thereby lowering the computational complexity and making the network invariant to
small translations in the input. For a feature map Y of demensions H'xW'xC’, the max pooling
operation with a filter size p, x p,, can be expressed as, (Equation (3))

Z(i,j,c) = mzl,...;};,l?n)il,mpw Y(phi +m—1p,j+n— I,C) (3)

where Z is the down sampled output feature map, and ¢ indexes overt the channels.
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4. Flattening and Fully Connected Layers
After the convolutional and pooling layers, the multidimensional output feature maps are
flattened into a one-dimensional vector £, which is then passed through fully connected layers.
If w represents the weight and b represents the biased for a fully connected layer, the output o is
given by, (Equation (4))

O:WTf+b (4)

In the context of classification tasks, the output from the fully connected layer is typically
passed through a softmax function to produce a probability distribution over the target classes.
5. Softmax Function
The softmax function is used in the output layer of a CNN when the task is to classify
the input into one of several categories. Given a vector of raw scores o = [0,,0,,...0, ] where N is the
number of classes, the softmax function computes the probability P(y =i) that the input belongs

to class i as, (Equation (5))

Pr=i=5 E—xfz})(ok) ®

This function ensures that the output probabilities sum to one, allowing for a probabilistic
interpretation of the model’s predictions.
6. Loss Function and Backpropagation
Training a CNN involves minimizing a loss function that measures the discrepancy between
the predicted output and the true labels. For classification tasks, the cross-entropy loss is commonly

used, which is defined as,
L=="Y,ylogPy=1) (6)

The loss function defined in Equation (6) represents the cross-entropy loss, which is
fundamental to the training process of the CNN models used in this study for classifying Thai native
chickens. It measures the discrepancy between the predicted class probabilities and the true labels,
enabling the network to adjust its parameters through backpropagation and gradient descent.
By minimizing this loss, the CNN learns to improve its classification accuracy across the four chicken
categories: purebred male, purebred female, crossbred male, and crossbred female. The effectiveness
of this loss function is reflected in the study’s results, where the CNN1 model, trained with this
function, achieved 100 % accuracy, demonstrating the model’s ability to distinguish subtle visual
differences in chicken breeds.

where y, is true label (represented as a one-hot encoded vector) and P(y =i) is the
predicted probability for class i. The parameters of the network (i.e., the weights and biases) are
updated using the gradient descent algorithm, which relies on the backpropagation method to
compute the gradients of the loss function w.r.t. the network’s parameters as, (Equation (7))
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where @ represents the parameters, and 7 is the learning rate.
7. Convolutional Hierarchies and Feature Learning
CNNs exploit the hierarchical nature of images by stacking multiple convolutional layers.
Early layers typically capture low-level features such as edges and textures, while deeper layers
typically capture more abstract features such as shapes and objects. This hierarchical feature
extraction is a key advantage of CNNs over traditional methods, as it allows the network to
automatically learn relevant features from the data, leading to improved performance in complex
visual tasks.
8. Regularization Techniques
To prevent overfitting, various regularization techniques are applied in CNNs, such as
dropout, where randomly selected neurons are ignored during training. Dropout can be expressed

mathematically as, (Equation (8))
OO (8)

where ¥ is a binary mask vector (with each element drawn from a Bernoulli distribution),

is i’ the output of the l-th layer, and ® denotes element-wise multiplication
9. Accuracy

Accuracy is a commonly used performance metric to evaluate the effectiveness of a
Convolutional Neural Network (CNN), especially in classification tasks. It represents the proportion
of correctly classified samples out of the total number of samples evaluated. The accuracy can be
calculated using the following formula (Equation (9)):

TPxTN

accuracy = x100 )
TP+TN + FP+ FN

Explanation:
TP (True Positives): The number of samples that are correctly predicted as positive.
TN (True Negatives): The number of samples that are correctly predicted as negative.
False Positives): The number of negative samples that are incorrectly predicted as positive.

FP (
FN (False Negatives): The number of positive samples that are incorrectly predicted as negative.

The mathematical foundation of CNNs enables the automatic learning of spatial hierarchies
in data, which is critical for tasks involving complex and high-dimensional inputs such as images.
Through the combined use of convolution, pooling, and fully connected layers, CNNs are able to
efficiently process and classify visual information, making them indispensable in modern deep
learning applications. The structure of a CNN is divided into layers, which consist of the input layer,
hidden layers, and the output layer. The number of units or nodes in the output layer depends on
the number of categories (classes) in the image dataset, as shown in Figure 3. If the probability value

is highest for a particular category, that category is considered the predicted answer.
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Figure 3 Workflow of the CNN architecture.

Figure 3 illustrates the process of the CNN structure as it performs image classification,
specifically focusing on identifying different types of chickens (e.g., Purebred male, Purebred female,
Crossbred male, Crossbred female). The process begins with an input image of a chicken, which is fed
into the network. Then, the image passes through multiple convolutional layers, each applying a set
of filters to generate feature maps that highlight various aspects of the image, such as edges, textures,
and patterns. After each convolutional layer, pooling layers down sample the feature maps, reducing
their spatial dimensions while retaining essential information. This process helps in making the network
more robust to variations in the input image and reduces computational complexity. Once feature
extraction is complete, the output from the final pooling layer is flattened into a one-dimensional
vector, ready to be processed by fully connected layers. The flattened vector is passed through one
or more fully connected layers, where neurons connect to every neuron in the previous layer,
allowing the network to learn complex patterns and relationships between the features extracted
by the convolutional layers. The final fully connected layer outputs a set of probabilities, each
corresponding to a particular class. The class with the highest probability is selected as the predicted
label for the input image. In this example, the network correctly identifies the image as a Purebred
male with high confidence. The CNN architecture demonstrated in the figure is designed to perform
image classification by extracting relevant features from input images and using those features to
make accurate predictions. This process is typical in many image classification tasks, where the goal

is to categorize images into predefined classes based on learned patterns.

Methodology

This study presents the classification of Thai native chicken breeds using CNNs-based
approaches to identify the most suitable architecture for classifying images of Thai native chickens.
The following steps have been undertaken.

1. Preparation of Thai Native Chicken Image Data

In this work, Thai native chickens were sourced from two places specializing in breeding

and improving chicken breeds under the supervision of experts, as follows.
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1. Kabin Buri Poultry Research and Breeding Center in Prachin Buri managed by the
Department of Livestock Development, Thailand, which is dedicated to collecting and developing
Leung Hang Khao Thai native chicken breed.

2. Faculty of Agriculture at Khon Kaen University, Thailand, which is involved in the
collection and development of the Pradu Hang Dam Thai native chicken breed.

3. The native chickens were kept in cages measuring 50 cm x 80 cm x 1 m, with one chicken
per cage, in an open housing environment maintained at around 30 degrees Celsius. During the
experiment, feed and clean drinking water were available ad libitum and the diets were provided
twice daily at 8:00 AM and 4:00 PM. This research was approved by the Animal Ethics Committee
with license number 06/2564/IACUC.

For image collection, purebred Leung Hang Khao chickens from the first source and
crossbred chickens between the Leung Hang Khao and Pradu Hang Dam breeds (produced from
parent chickens sourced from both locations) were used. A total of 200 chickens (100 males and
100 females), all aged 20 weeks or older, were selected, with 50 chickens from each breed and
gender. Images were captured using the OPPO Reno3 Pro smartphone model CPH2037, which has
a quad camera system with specifications of 64 MP + 13 MP (Telephoto) + 8 MP (UltraWide) + 2 MP
(MONO) and a maximum image resolution of 3,120 x 4,160 pixels.

The photo setup included a white table covered with a white future-board to prevent
the chickens from slipping during photography. The background was a whiteboard grid with
1 x 1 square inches for measuring the height of the chickens. A white background was used to ensure
a consistent environment for all photos as seen in Figure 4 The distance between the camera
and the chickens was set at 80 cm to maintain uniformity in the image capture. A total of 250 images

were taken for each group, resulting in 1,000 images in total.

T |

(a) Leung Hang Khao purebred male (b) Leung Hang Khao purebred female

(c) Crossbred male (d) Crossbred female
Figure 4  Samples illustrating the Thai native chicken.
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2. Verification Tools
This work was conducted using Python programming language with Jupyter Notebook.

Jupyter is an Interactive Python that uses a web browser interface, functioning in a server-client
model. The backend processor is IPython, and it operates through a JupyterLab server in a Localhost
environment (Localhost:8888) (Toomey, 2018; Muttenthaler and Hebart, 2021).

3. CNN Models and Verification

The architectural structure used in this experiment is a simple architecture developed

specifically to determine the appropriate architecture for classifying Thai native chickens. The model
testing begins by inputting images of Thai native chickens and resizing them from 3,456 x 3,456 pixels
to 224 x 224 pixels, then scaling the data to have values between 0 and 1 using the normalization
method by dividing the data by 255. The data is divided into three sets: the training set, the
validation set, and the test set. The model is tested with the following ratios: 60:20:20, 70:20:10,
and 80:10:10. The architecture is created, and the model is tested three times, after which the
average is calculated. The number of epochs used in processing is set at three levels: 10, 20, and
50 epochs as seen Figure 5.

In Figure 5, it is illustrated the process of CNN-based classification of Thai native chickens
using different CNN architectures. The process begins with an input image of size 3,456 x 3,456 x 3,
where 3 represents the RGB color channels. The image undergoes pre-processing, which includes
resizing and rescaling. Resizing likely adjusts the image dimensions to match the input requirements
of the CNN models, while rescaling normalizes the pixel values, typically between 0 and 1, to standardize
the input data. After pre-processing, the image is passed through various CNN architectures, including
LeNet-5, CNN1, CNN2, and CNN3. Each architecture processes the image to extract features that
help in differentiating between different classes of chickens. The output layer then classifies the
image into one of four possible classes, which could represent different breeds of Thai native chickens.
The figure emphasizes the experimental approach of using multiple CNN architectures to determine

the most effective model for accurate classification.

Input Image Pre-Processing
M nd 3
3456x3456x3

LeNet-5

CNN 1

B
N

Figure 5 An overview structure of the proposed classification-based CNNs of Thai native chicken
with Lenet-5, CNN1, CNN2, and CNN3.

Architecture

ISSN 3027-6756 (Online) 1 1

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




- RMUTI Journal Vol. 18, No. 3 (September - December 2025)
NZ- 3262289

RMUTI Journal

4. Performance Evaluation

The performance evaluation of the model was conducted using a confusion matrix,
including key metrics such as True Positive (TP), representing data correctly predicted as belonging to
the considered group; True Negative (TN), which is data correctly predicted as not belonging to the
considered group; False Positive (FP), where data is incorrectly predicted as belonging to the
considered group; and False Negative (FN), where data is incorrectly predicted as not belonging to
the considered group. These prediction values are essential for calculating the accuracy, following
the method described in Equation (9) (Krstini¢ et al., 2020; Arias-Duart et al., 2023), as given by,

In this experiment, 28 images were randomly selected from the dataset of Thai native
chicken images, with 7 images per group, to test the prediction accuracy. The number of correctly
predicted images by the model was counted, and the percentage accuracy was calculated to

measure the model’s performance
Results and Discussion

The application of CNN-based techniques for classifying images of Thai native chickens aims to identify
the most suitable architecture for this task. The goal is to gather data to develop efficient tools for
classifying the Thai native chickens using images. Four groups of Thai native chickens were used in the
experiment: purebred Leung Hang Khao male, purebred Leung Hang Khao female, Crossbred male,
and Crossbred female. Four architectures were tested: LeNet-5, CNN1, CNN2, and CNN3 (Figure 6),
with different data split ratios for training, validation, and testing (60:20:20, 70:20:10, and 80:10:10)
and training periods of 10 epochs, 20 epochs, and 50 epochs. The results showed that the CNN1
architecture, with an 80:10:10 data split and 10 epochs, achieved 100 % accuracy in learning,
validation, and testing, predicting correctly 100 % of the time with the shortest processing time.
This was likely due to CNN1's minimal convolutional layers, only two. Additionally, CNN1, CNN2, and
CNN3 exhibited more stable training and validation accuracy and loss compared to LeNet-5, with
stability beginning around the 10" epoch. When training 50 of epochs with an 80:10:10 data split,
all four architectures achieved 100 % accuracy. This demonstrates that deep learning using simple
CNN architectures can effectively classify images of Thai native chickens, consistent with previous
studies using this technique to classify various bird species. For example, the authors in (Singh et al,,
2020) used CNNs to classify five bird species from smartphone images taken in natural environments,
achieving 93 % learning accuracy and 80 % testing accuracy. The work presented in (Raj et al., 2020)
used a modified VGGNet architecture to classify 60 bird species with 93.19 % learning accuracy and
84.91 % testing accuracy. In (Yao et al., 2020), the authors used six different CNN architectures to
classify male and female chickens, finding VGG-19 to be the most accurate at 96.85 %. Other studies
have applied CNNs to classify wild animals and livestock, achieving high accuracy with architectures
like ResNets and LeNet-5.

Although the CNN1 model was able to classify images of Thai native chickens with 100 %
accuracy on the test dataset prepared in this study, such results were achieved under highly controlled
conditions, such as neutral backgrounds, consistent lighting, and images captured from a standardized

angle. Furthermore, the test dataset was relatively limited in size, which may not adequately reflect
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the model’s applicability in diverse real-world environments. Therefore, further experiments using

external datasets or real-world scenarios are necessary to validate the model’s performance in more

varied and challenging contexts.
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Figure 6 The architectures of CNNs-based approaches.
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Figure 7 The training and validation accuracy and loss curves for four different convolutional neural

network architectures over 50 epochs.
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Table 1 presents a comparison of different neural network architectures LeNet-5, CNN1,
CNN2, and CNN3 used to classify Thai native chicken. These architectures are evaluated based on
various metrics including training accuracy, validation accuracy, testing accuracy, and prediction
accuracy across different data splits (60:20:20, 70:20:10, and 80:10:10). Across the architectures, CNN1,
with a data split of 80:10:10 and an execution time of 104 seconds, exhibits the most consistent
and superior performance, achieving 100 % accuracy across validation, testing, and prediction stages.
This indicates that CNN1 is the most efficient and reliable model for this classification task.

Notably, although LeNet-5 also performs well with high accuracy scores across all stages,
it falls short compared to CNN1, especially in terms of testing and prediction accuracy where CNN1
consistently hits 100 %. Furthermore, CNN1 achieves these results with a relatively low computation
time of 104 seconds, highlighting its efficiency. In contrast, other architectures like CNN2 and CNN3,
despite also achieving perfect scores in certain instances, require longer execution times, which
may not be optimal for real-time applications. The results suggest that CNN1, particularly with the
80:10:10 split, is the most effective model, balancing high accuracy and low computational cost.

The graphs presented in Figure 7 illustrate the training and validation accuracy, as well as
the training and validation loss, for four deep learning models LeNet-5, CNN1, CNN2, and CNN3 over
50 epochs. The accuracy graphs for all models reveal that each architecture rapidly achieves high
accuracy within the first 10 epochs, with minimal differences between training and validation
accuracy thereafter. This rapid convergence suggests that the models are highly efficient in learning
the necessary features for classifying Thai native chickens. Among the architectures, CNN1 and CNN2
demonstrate the most stable and consistent accuracy, achieving nearly perfect alignment between
training and validation accuracy early in the training process. LeNet-5, while ultimately achieving
high accuracy, exhibits a more noticeable fluctuation in the initial epochs, indicating that it requires
more time to stabilize. Similarly, CNN3 shows a slight gap between training and validation accuracy
during the initial epochs, which closes as the training progresses.

The loss graphs further corroborate these observations, with all models showing a significant
reduction in both training and validation loss within the first few epochs. The graphs for CNN1 and
CNN2 display the most rapid decline, with loss values approaching zero early in the training, reflecting
their strong generalization capabilities. LeNet-5 and CNN3, however, exhibit a more gradual reduction
in loss, particularly in the initial epochs, which aligns with the fluctuations observed in their accuracy
graphs. Despite these initial variations, all models converge to low loss values, indicating effective
learning. The close alignment of training and validation loss across all models also suggests that
there is minimal overfitting, reinforcing the robustness of these architectures. Therefore, the analysis
indicates that CNN1 and CNN2 are the most efficient and stable architectures for this classification

task, while LeNet-5 and CNN3, though effective, require more epochs to achieve similar performance.
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Table 1 Comparison of Four Different CNN Architectures Used to Classify The Thai Native Chickens
Which Is Presented As Means + Standard Deviation (S.D.)

Training Validation Testing

Prediction
Architecture Ratio Epoch Time (s) Accuracy Accuracy Accuracy (%)
(%) (%) (%)
LeNET-5 60:20:20 10 237 99.33+0.51  97.92+0.27  97.77+0.25 97.50+0.28
20 420 96.38+0.89  96.35+0.85  95.98+0.59  95.00+0.95
50 754 100+0.00 97.40+0.81  97.32+0.84 97.75+1.08
70:20:10 10 237 100+0.00 98.96+0.51  99.22+0.33  100+0.00
20 425 100+0.00 98.96+0.72  99.22+0.26  99.33+0.51
50 746 100+0.00 96.88+0.58  96.88+0.89  99.33+0.51
80:10:10 10 236 100+0.00 100+0.00 97.92+0.47  100+0.00
20 410 99.87+0.29  99.48+0.05  98.66+0.51 99.33+0.51
50 748 100+0.00 97.92+0.27 100+0.00 100+0.00
CNN1 60:20:20 10 106 100+0.00 98.96+0.87  98.66+0.51 100+0.00
20 141 100+0.00 98.44+0.39  99.11+0.32  100+0.00
50 347 100+0.00 98.68+0.93  95.26+0.75 97.50+0.95
70:20:10 10 102 100+0.00 99.48+0.53 100+0.00 100+0.00
20 160 100+0.00 100+0.00 100+0.00 100+0.00
50 347 100+0.00 100+0.00 98.96+0.40  100+0.00
80:10:10 10 104 100+0.00 100+0.00 100+0.00 100+0.00
20 157 100+0.00 100+0.00 99.22+0.29 100+0.00
50 346 100+0.00 100+0.00 99.22+0.25 100+0.00
CNN2 60:20:20 10 121 100+0.00 100+0.00 100+0.00 100+0.00
20 168 100+0.00 100+0.00 98.86+0.36 100+0.00
50 395 100+0.00 98.96+0.75  98.96+0.12  100+0.00
70:20:10 10 119 100 + 0.00 100 + 0.00 100 £ 0.00 100 + 0.00
20 172 100+0.00 99.22+0.32  98.53+0.39 100+0.00
50 396 100+0.00 98.75+0.85 100+0.00 100+0.00
80:10:10 10 115 100+0.00 98.96+0.36  99.22+0.22  100+0.00
20 178 100+0.00 100+0.00 99.22+0.29 100+0.00
50 392 100+0.00 98.96+0.98 100+0.00 100+0.00
CNN3 60:20:20 10 122 98.86+1.09  92.71+0.85  92.97+0.95 92.50+0.59
20 184 100+0.00 98.96+0.78 100+0.00 100+0.00
50 415 100+0.00 98.25+0.74 100+0.00 100+0.00
70:20:10 10 119 98.86+0.83  92.71+0.46  92.97+1.05 95.00+0.19
20 191 100+0.00 98.96+0.83 100+0.00 100+0.00
50 416 100+0.00 99.22+1.01 100+0.00 100+0.00
80:10:10 10 114 99.87+0.46 100+0.00 100+0.00 100+0.00
20 186 100+0.00 98.96+0.69  99.22+1.05 100+0.00
50 402 100+0.00 100+0.00 100+0.00 100+0.00
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Figure 8 The confusion matrix for the performance evaluation of the classification model.

The confusion matrix in Figure 8 shows the classification performance of the best model
for distinguishing among four categories of Thai native chickens: purebred male, purebred female,
crossbred male, and crossbred female. The matrix demonstrates perfect classification accuracy, as all
28 images in each class were correctly identified without any misclassifications. This result highlights
the model’s ability to effectively learn and distinguish between the subtle differences in the visual
features of the chickens across different breeds and genders. The complete diagonal alignment, with
no off-diagonal errors, further emphasizes the robustness and precision of the model, validating its
suitability for the task of poultry classification.

Conclusion

This paper introduced the employment of deep learning techniques with CNNs for classifying
Thai native chickens, specifically the Leung Hang Khao breed. The findings demonstrated that the
CNN1, which was of simple design and setting, was the fastest and most efficient in classifying Thai native
chicken images. The CNN1 architecture achieved 100 % accuracy in learning, validation, testing, and
prediction, making it useful for verifying the Thai native chicken breeds and reducing the variability
in judgments made by committee members with differing levels of experiences during Thai native
chicken competitions. Moreover, the introduced technique aided farmers in accurately selecting
breeding pairs for preserving Thai native chicken breeds.

Future work will focus on increasing the number of datasets for other Thai native chicken
breeds and may involve refining the deep learning model to improve its efficiency and accuracy in

classifying a variety of the native chicken breeds.
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Abstract

This study introduces the design of a multi-band microstrip antenna for multiple-input multiple-output
(MIMO) systems that facilitate Wi-Fi 6E wireless communication. The design utilizes various resonator
structures integrated with defective ground slots to improve radiation properties and inter-port isolation.
The suggested antenna comprises four elements, each proficient in functioning inside the 2.45,
5.5, and 6.5 GHz frequency bands. The design aims to reduce below the standard threshold across
all four ports. Simulation results from CST Studio Suite 2024 demonstrate that the antenna attains
a reflection coefficient (S,,) below -10 dB and inter-port isolation below -30 dB throughout all
operational bands, indicating optimal impedance matching and efficient signal separation. The constructed
prototype underwent testing using a vector network analyzer, and the obtained S-parameters closely
aligned with the simulation outcomes. The 6.5 GHz band exhibited an isolation level below -34 dB
and a minimum reflection coefficient of -39.87 dB, demonstrating that the proposed antenna design
is suitable for high-frequency MIMO applications.

Keywords: Microstrip Antenna; Multi-Band Antenna; Wi-Fi 6E; Isolation
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farfield (f=2.45) [1]

Type Farfield
Approximation enabled (kR > > 1)
Component  Abs ¥
Output Directivity

Frequency 245 GHz

Tot.Effc.  -0.7106 dB 2 L x

Rad. Effic. -0.5987 dB.
Dir. 1.679 dBi

(n) 2.45 GHz
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farfield (f=5.5) [1]

Type Farfield
Approximation enabled (kR > > 1)
Component  Abs

Output Directivity

Frequency 5.5 GHz

Rad. Effic.  -1.072dB

Tot. Effic. -1.180 dB X

Dir. 2.583 dBi

(¥) 5.5 GHz
dBi
515
152
-2.12
-5.76
-9.39
-13
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-23.9
-21.6
-31.2
-34.8

farfield (f=6.5) [1]

Type Farfield

Approximation enabled (kR > > 1)

Component  Abs. Y

Output Directivity

Frequency 65 GHz

Rad. Effic.  -0.9640 dB

Tot. Effic. -0.9876 dB X

Dir. 5.152 dBi

(M) 6.5 GHz
JUN 5 3D wuusunsudmdsuvesmeanialulasaniunaieguaud (o)

E_plane
----H_plane

2.45 GHz

(n) nan1531a9 2.45 GHz (¥) #aN15IM 2.45 GHz
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fusenauiaalndn @aggids 12 %) wagldssuuauaunasainedmlud® @andsnu 25 %) dwalian
msddos €O, ¥ 1185 fuA ATeiliuumenaniulaznirgnaminssy evmunenasididy
Tnglindanunyuidsusuiussuudaaies

&

ANENARY ¢ WENUNY U, mmswé’amqm%ﬂuﬂua (NZEB); N153RN1SNAIUDaRsey; n1sann1suasanie
S9UNTEIN
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Abstract

This research examines the integration of renewable energy into the electrical system of the Industrial
Technician School Building at the College of Industrial Technology and Management, aiming to
achieve a Net Zero Energy Building (NZEB). The study analyzes energy consumption patterns, designs
an optimal renewable energy system, and implements smart energy management based on real
consumption data. The findings indicate that installing a 125 kWp Solar PV system and a 250 kWh
battery storage can reduce reliance on the public grid by 65 %, with a payback period of eight years.
The building’s average energy consumption is 47,264.27 W/day, with key influencing factors including
power factor (average 0.58) and external temperatures above 30 °C. Smart energy management
reduces total energy consumption by 24 %, primarily through power factor correction (12 % loss reduction)
and automated lighting control (25 % energy savings), leading to a CO, reduction of 118.5 tons/year.
This study provides practical recommendations for educational institutions and industries to develop

sustainable buildings by integrating renewable energy with smart management systems.

Keywords: Renewable Energy; Net Zero Energy Building (NZEB); Smart Energy Management; Greenhouse

Gas Emission Reduction
o
UNUI

TutlagtiumaeiasidunilsluniadiuifinslindnugaazduuvdsdesfisSounszandiddnueslan
Tnslowgludsemalnefienasmdvduagiiegendeiinislindsnuanfudadiuannniy 40 % vesmsld
wEsnueresame  irldmsiaenasiimslindinueteiussavsamuan Juiinsrodunndey
ﬁmmﬁwﬁmasﬁ@& (Hongvityakorn et al., 2024; Mengesha et al., 2024) LLmﬁﬂmﬂﬁwé’muqﬁlﬂu@ué
(Net Zero Energy Building: NZEB) ”Lﬁ%fummau%LﬁuﬁﬁuiugmzmeaﬁﬁmiumsammiﬁawwL%yamaama%a
LLazamwaﬂiwwia?ﬁLmé’am (Noh et al.,, 2024; Wang et al,, 2024) NZEB L‘T]ummﬁﬁamwmmﬁmwﬁamu
mﬂLméqwé’amwyuﬁaﬂé’mﬁ’w%amﬂﬂ’jmé’muﬁsﬁumaﬁj (Hanifi, 2024) LLmvmﬁlajLﬁwdwaﬂﬁunu
frundinu  uidshsannsUdesfnedounsraniadutefeddysonsudsundasanwniennia
(Latief et al,, 2017; Bedi et al, 2025) agalsfiny nsussaslmiane NZEB fesenduasdusenaudnfey
vangUsens Wy (1) malesgiguuuunslindsnuvesennns ileanaugaydouasifinysyansaw
Mg (2) MIvonLUUTEUUNESUELBIUTVIN AN TenuN305093UANFRININEINUTBIe1ANS
Ipagnsauna (3) N1skiszuUInNMINENUSIRIEE (Smart Energy Management System) Wewisyarianm
uagAmEdesvassy Ul (Pan et al., 2015; Hanifi, 2024)
nsitefdiauenisdnuidadnfsafunisnaundsnunguisussuulniiluennisBousm
Fgnamngiy Ingrdemaluladgnamnsiuuaznisians ainedomaluladsvmaaaiidy Wouss
e NZEB lnglddeyanislindsnuats Sinnsiuumaivanzaulumsfindessuundanumuio
wazthiauswnmdunsinnmdsnuiiiussavsnmagn deyanstimdsnugnifusiunssinszuuaaie
wassuuuBealymifildinelulad 10T etuiindeyanszualdin uswiu uasndsnuluusiazgaanan
foyawanigninuinsgiuaslsznanadeeensiad HOMER Pro duduniesiiedmiunissians way
Taszrssvundsulevia Tagidideyaluanass dasAlndi uwasdnenmndesnunyudeunndeu
dledaessruuuarUsefiunumnzauisludanaiauaziasugmani  wadnslddaelvanusatmun
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VUWINTTUUNS UL UIEY AUy LazUsesdnsamimunzaudmiuoinsisoudingn nan1sanyil
Liedidoyaidusrlevidmivians dnide wazdniauneiaswinty widuluwwimsddgdmnu
Tnnukuuleviguazainenainssulunistuiniousiaisusendandsrunaziduiinsredwindon

Tuusewialve uazvialan (Wikipedia Contributors, 2011.; IES, 2023)
A5ALIUN57Y

mAteiifunsmunssuuniensiesinauetoya  eussneumsusuussuulwitluenmsous
PagnamnsaliiaussAvinmgean Tnsutseendiu 4 sureudn WWud (1) mafumussdeyanislindam
(2) MTIATINAYABITEUUNRINUMILNY (3) MIiRszUUdanN1InasudaRiey uag (4) NM1sUsEEiLKG
mMaAsugenansuarAanadon MuasBenveudaziunoudsl
1. nsusavsandayanisldnasanu

Wielladoyaiududividugunuunislindsanuveseinisiiousiutisgnaivnssy
endowelulabgraunssuuazmadanis wminerdomaluladsmeaddide nuidelldldszuunnaia
waziudoyauuuBealngd (Real-Time Monitoring System) ?Sqamé\”’qﬁmamwé'ﬂiuﬁ MDB #ienszualuiin
Tiuoisseninadousunay wa. 2567 fwnsian we. 2568 lagvinnisianszudlih n1sldndaau
uazgnumgiifiansiumdn waztuiindeyaiiieusnsuariuszuy loT wuuBsalnyl elvianusafnnuuay
Iasgiveyalasg1ariunaiasiiug

Gateway |

A + A
| |
D, Leveriiiiinienns [ L
| | |
Bluetooth Bluetooth Bluetooth
Transmitter Transmitter Transmitter
| I I
Signal Signal Signal
Conditioner Conditioner Conditioner
o3 | | :
T Phase C :
M2 £

Phase B
Phase A *

Main Distribution Board

E VAAN
: 240 mm” XLPE Copper Cable CM1

JUN 1 seuvfemunislindsnuliihmewuwesnssualniiuasseuu loT

93U 1 uansszuutuiindeyanislindauang MOB Taeld Clamp Meter (CM) amnnszualwi
wardsdaariunszsuiunsuuduaaluds Gateway Fwhuwihdidusinansdeansiudumedidasin
Bluetooth Yeyaiituiinazgnéuinaniing Data Center yn 1 un#t wazanansnailnanlusuiuy CSV ru
Browser Engine ¢ szuuiivhmstuiindoyadeiilosiusifousunay e 2567 faunsiau wa. 2568
delUAnseinrudiusuesiudseng o Afnadensiianszualiiauga (Unbalance Current)
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UM 2 nsvaaeuUsEANSAMULAZANULLINEYRITTUY

9n3U7 2 MInemeuIsuiBumNLIiugesTELY LileBusunmgniasessruuLiuTeya
IihmsTeudisuiuindesiioTrunsgiu Clip AM uazAiuinAnAanndeuduedidud (Eror
Percentage) namsUszifiunuiAnmnanndoueglutig 0.07 - 0.78 % deglunasinvonsulddmsu
MsATIEvnIanssuliin

=] = ~ o ! A A o s & < a
A5 1 NSIUTIUNEUANULUULITENINTTUULALIATDINDIA (LUDSIIUAAINUNANAIR)

Phase Reference Value (A) Measured Value (A) Error Percentage %
Phase A 7.66 7.6 0.78
Phase B 14.31 14.3 0.07
Phase C 13.43 13.4 0.22

mait 1 wamsmsisudieusnszualiiniialdserinaedeliosnsdaunmssu (Reference Value)
fumitaldanssuudiuwuu (Measured Value) Tuusiazia Tnsdmnamenuaaiardoududosas (Error
Percentage) KaMTIATILIMUT W A TrnAnunaInwdou 0.78 % wid B ﬁmwmamﬂﬁauﬁwﬁqmﬁ 0.07 %
Wi C fidpnunaiaedon 0.22 % Jwandiiiui ssuudusuuiemuuiuglunsiansyudliluseau
fiundete (Araruaaimadou < 1 %)

Comparison of Reference and Measured Current Values
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9INFUT 3 WuIUNa A (7.6 A) Talél 7.66 A (+0.78 %) wwlal B (14.3 A) Falel 14.31 A (+0.07 %) way
wia C (13.4 A) $alél 13.43 A (+0.22 %) AiiinlalndiAesdnannsgiu anuamaedousglutag 0.07 - 0.78 %
2. NFIATIAUATTIADITTUUNAIUNY WA Y
slelédeyanislindsnuresermaBeusiutisgaaminssy snddeilivendun HOMER Pro
dioaesuareonuuusruundsnunyudsuiivnzay nedunoulsznaude

21 NMSTRWUIATEUUNSINUALUIEY  TLATIENAINADINITNAINUYDIDIANTITUTI
Fgnaminssuluniaztisa Wenruiaundlearsiwad (Solar PV System) warsvuuiniiundsanu (Battery
Storage System) '3meﬁmiaﬂéﬁwﬂugﬂLL‘U‘UGh\‘} 9 WU Grid-Connected Off-Grid tag Hybrid System
Aunaidsnandn (kWh/d) wagdnsnisaanisflanmdssuain Grid (%)

22 mAeTgienuduuarorgmsliiuvesgunsel  Auwasiuunsinfuaztigeng
yossyuundnungudou Ussiiuorgnslinuveaundlsanfisaduasiunined @ Capadty Factor
vaaunslwawadnelianinndenase AnsieiszagaatAuyu (Payback Period) vasusiagniuian

3. STUUIAMINENUDIRTEL

SPUUIANINENUSRSEE (Smart Energy Management Systern: SEMS) Siunuimdndalunisdia
UseBvBnmmslindsnu andunuiundsny uaratuayunslindanumuuieu ssuuildnalulad o
Ueyeysehng (A uae Big Data Analytics Tun1snsavdey Tnsien wazmuaunsiindsnunuuiEealng
leiloadusENaUnaNUeITEUUINNITNAINUDIRT L

31 wuwesuaraunsninsiadn (IoT Sensors and Meters) AT ¥annsiiwmasdnfsy wu
nszualli usadulni wianuild oamgll uazinanlii dedoyauuuBealniludsszuunans

32 uwasvloSidinsgyiteyandsinu (Energy Analytics Platform) Aiasngviuualiunislindsny
19 Machine Learning 3o Clustering iiloszymginsulvaninun

33 izuummmmzﬁmiwé’ﬂmu (Energy Control and Management System) A3UAY
Waalnidnludd Wy mMada/Angunsalmulvanliill ysannisuamdsnumyudey wu Solar PV
LaTIUALAET

3.4 dwudeserld (User Interface & Dashboard) wanstayandanulusluuunsimnie
unruein uiafeudefinslindsnuinund

4. nMsUszfiunamaATYgANansuazandou
dienmaaeuaudumuazkansEnUdedndon MuiTeilinsliesgimansusmans wa
MFILAT1E95730 (Life Cycle Assessment: LCA) Tneidunausiall

a

4.1 mIleszvimaasegeans Awinyar1agiuans (Net Present Value: NPV) Useidiu

q
s ¥

dnsmanouununielu (Internal Rate of Return: IRR) 3Lﬂiﬂzﬁﬁ;®ﬂmn (Break-even Analysis) @nwn

ANEaUlTedlATINTg (Sensitivity Analysis) atlade wu 1A1AasuNdgaswaaLazensIAlni

42  nsUssdiunansevusedannden MuaUiinansaanisudesfiuideunsyan (GHG
Erission Reduction) luusasUiuSeuidisuuSunaunisuassfnsnaunasndsdnfassuy insevinanseny
srunslimsnennsuardanndedlunsasmaden

NAN1SAN®EN

mieirndunsmutusewimassnliussldiansfinudidgl 4 fumdn laun (1) nMslwsieigluuy
nslindeu (2) wan1sdnaessEUUNEs U UIsY (3) Navean siissuuiansndanudaniey uay
(4) MIUTHNURNANTENUMUATEIAARSUAEALIAS DY
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1. msseiguuuunslindenuandeyailiiusiusussuinafousuiay w.e. 2567 f
un31As W.A. 2568 Yrelviilauualduuasiauiuuimiedaniswasnuegnedivszinsam
91971 2 wanarnfdslnil (kW) wasndseulih (wh) Teannsiagewedesile loT Energy
Meter AufinAmn 1 wifinaen 24 Falus Tasdnaundsnuainnsruidsiniiiedsluusazund
winldnsUsssnme  sgssytisnauartilusililumsdumegsdnnu  ennugndedlunsiasei
NHIUUAEAUNY

M1519% 2 JeyauaznITIATIERNITIoNE

Energy
Period Average Average Power Consumption Cost
Current (A)  Power (W) Factor (PF) (Baht/day)*
(kwh/day)

Dec 1-5, 2024 4.33 1601.35 0.56 38.43 153.73
Dec 6-10, 2024 5.36 2179.05 0.54 52.30 209.19
Dec 11-15, 2024 7.46 2986.57 0.51 71.68 286.71
Dec 16-20, 2024 6.87 2554.90 0.52 61.32 245.27
Dec 21-25, 2024 7.47 68312.40 0.66 1,639.50 6,557.99
Dec 26-31, 2024 5.06 44815.08 0.80 1,075.56 4,302.25
Jan 1-5, 2025 a.77 43482.35 0.73 1,043.58 4,174.30
Jan 6-10, 2025 11.51 104817.09 0.44 2,515.61 10,062.44
Jan 11-15, 2025 6.40 58698.36 0.69 1,408.76 5,635.05
Jan 16-20, 2025 8.17 74187.84 0.51 1,780.51 7,122.03
Jan 21-25, 2025 9.98 86584.38 0.48 2,078.03 8,312.10
Jan 26-31, 2025 10.20 84954.82 0.47 2,038.92 8,155.66
Average 7.30 47,264.27 0.58 1,150.38 4,601.39

nagwg:  AldngAnnunugnAliiviesdu

Electrical Energy Usage Analysis (Dec 2024 - Jan 2025)
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Daily Electricity Cost (Dec 2024 - Jan 2025)

10000 —e— Cost (Baht/day)
8000F
6000

4000f

Cost (Baht/day)

20001

oF

5 o 5 N )]
W WP ¢

E 0
o oy N N N W W P
Q O 0e° oe° o 0e° yo© yo©

2% o©
() AU

Ul 4 deyauazmsiinsizsinslingaau (ie)

1N3UT 4(n) nszudlvliiieds (Average Current, A) fldadegi 7.30 A masstisnaiidny
Pasiinszualniivinando 4.33 A (1 - 5 Sunau e 2567) uazgeanil 11.51 A (6 - 10 unTIAL WA, 2568)
wuiwwalunssualiiinintusgrefideddaluiounnsay Tnganzdis 6 - 10 uns1Au nA. 2568
Feoradunaanmsiuduvesluanlnih wasnuli iy (Energy Consumnption, KWh/day) Anadeves
wé’muiﬂﬁwﬁi%siaﬁfuag’ﬁ 1,150.38 kWh/day ﬁzmﬁﬁﬂ']ﬂéi’fwé’mw‘i’nqmﬁa 38.43 kWh/day (1 - 5 §uaAu
we. 2567) nslimdaanugegn wulutaa 6 - 10 unsem WA, 2568 7 2,515.61 KWh/day @wnnniAade
e 2.19 wh M Power Factor (PF) AaAgvas Power Factor gl 0.58 naantanafidnw wuiwe
Power Factor fanfe 0.44 (6 - 10 4NSIAL W.A. 2568) Uageantl 0.80 (26 - 31 SunAx 2567) A1 Power
Factor s 0.5 luvangtnana Gesuendeussdvdnmmslindsnuiidlsid msinisusuustuanluih
diofiud PF éaugﬂﬁ a) wu aliudintuan 153.73 vinu 10,062.44 U/ (aTuni
65 1) 924 6 - 10 UnT1AY Nel. 2568 1Huga Peak vosnsHnFsuazAl douanaudniioandaindu
frmuduiuslnenseszriemadlnihiadouar Usinanmslindany

2. HANTTIIABITEUUNAIIUNIUIRYY

nsdaessruundanumuisulaglizendung HOMER Pro wuiwnadeniivnzaufian fe
nshameunddrandimaduun 125 kWp wioussuusnfiundeeu (Battery Storage) wuim 250 kWh
puseasBeadenad 3 sruulannsondandsnulduszana 175,000 kwh/Al dsasaungu 65 % veq
ATuININE U aNATEIeIANT A1 Capacity Factor Yesszuunduuasofindadoogii 17.2 %
FoyassnanasiouiinuaunaseniwIATEUUNEIL WUAWSS wazamANA luNTaY

M990 3 HANITIATIRVU I TILN AU VBITEUUNG I UMY

Option Solar System Battery Size  Energy Demand  Initial Cost Payback
Size (kW) (kwh) Coverage (%)  (Million Baht) Period (Years)
Option 1 100 150 48 % 7.5 9.2
Option 2 125 250 65 % 10.8 8.0
Option 3 150 350 78 % 14.2 8.7
Option 4 200 500 95 % 21.5 10.9
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Analysis Results of the Appropriate Size for the Renewable Energy System

700} Solar System Size (kW) 22
Battery Size (kWh)

—e— |Initial Cost (Million Baht)

~#— Payback Period (Years) ~20
600

-18
500

-16

N
o
o

-14

Size (KW/KWh)

-12

Initial Cost/Payback Period

-10

Option 1 Option 2 Option 3 Option 4

U 5 MTliesenvunafivaneaudmsussuunaanum iy

MNUR 5 wuh swesuulenn$ uevrueuumees Tuuiliiiatunudifuremnadeniigeiy
nIATBUARLIENIY (%) FadumaaunnvessruU A IAIUAIDS IG]EJiJaﬂ‘l‘}}muLUuLﬁuﬂﬁ’]WVlLWJJ‘UuLiE]EJ y
V]'NLaEJﬂ'V] 4 TifnanTeuARNIENUEIER (~100 %) wazdvuinszuulngfian duvuEududiugunm
yadentigity Imammaaﬂ‘w 4 fifuvugean i‘“EJ“’L’Jmﬂ‘UVl‘UMLLU’ﬂUZJL‘lJ‘uS‘lJmEJ (U-shape) Tngmaidend 2
fisvoznanfunuign uas afsdulumadent 3 uas 4 wifumuiiintu ussvoy L’aamwuiuimamam,auaiﬂ

3. NAYDINTTITILUUIANITNENUTIRTEE

Tuthadousunau wa. 2567 fawnsien wa. 2568 l¢dnsfaduasnaaedldauszuudans
nawudRTer (SEMS) aeluenansieusinggaamnssd nendeimaluladonavnssunagnisinnmsg
wnindemeluladnueariide e tnguszasdlunmsfiuussansnmnislingany annszivanlii
Tuthsnanilidndu waguugnunmlninlaesaveeins ssuu SEMS Uszneusedusine 9 éun
wuwes wazlned loT finasduszuulifimdnueeras Wetamsiwmesdfy wu nszualiii
usadllih wdsuild wasiusznoudslnih (Power Facton) uuuBealns Yoyaanwuimedazgnaadng
wnanvlesuliasizvitoya (Energy Analytics Platform) fl#wmada Machine Learning Tunsnsiaduuar
Answigluuunsindsnu  sufesyrnaiiivasliihgiiaund  wamsiinnesitielisruumun
WAZUSMITINNIT Wad91U (Energy Control and Management System) anansaatilunisusuluansmnlud@
iy nadn-Ingunsalliiin safeszuviasainadnluifuaznisusulgiausznoumdslniliged
dieanntsgapdendnuluszuy enandsruudiysannstuwdmdsnunyudeu Wy Solar PV uas
wuameTilerivlsyAvBammslindununawmiluoians

A5199 4 USLANSAINUBITEUUNITINNISNAN LD ARS8

Functionality Energy Savings (%) Benefits
Power Factor Improvement 12 % Reduce electricity cost, reduce power loss
Smart Air Conditioning Control 18 % Reduce energy usage, increase comfort
Demand-Side Management 15 % Reduce electricity cost during Peak Demand
Battery Energy Management 20 % Increase use of renewable energy

ISSN 3027-6756 (Online) 43

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




- RMUTI Journal Vol. 18, No. 3 (September - December 2025)
NZ. 3261370

RMUTI Journal

A5199 4 USLANSAINUBITEUUNITINNISNAN USRS 8E ()

Functionality Energy Savings (%) Benefits
Automatic Lighting Control 25 % Reduce lighting energy usage
Overall System 24 % Reduce total energy usage

Ml 4 uamsdeyananslindsanaidiiusunuanssuumumes loT Tusiassewing
Franaiviinsmaaes (Fuiau wa. 2567 - ungas w.e. 2568) InsAmdsnulniih (kwh) wagdiusznau
Adslwidudeya Minade lilvArannsdasdlusunmla 4 mstanwmalumssdsagiounsiasuuuag
Aslimdean wardszavinmilistuaseanmsth SEMS wild Tneuansiidiunisanivanlnditlugienan
ldsndu uazmsiuduszneudslng aanisaadendanueg1aitudifey

Energy Savings by Functionality

Overall System 24%

Automatic Lighting Control 25%

Battery Energy Management

Demand-Side Management

Functionality

Smart Air Conditioning Control 18%

Power Factor Improvement

0 5 10 15 20 25 30
Energy Savings (%)

o

sUN 6 dndrunisusendandsanu

NFUN 6 Wud1 MsTNseNdeINs i Iidadiuasan (25 %) wansdisnudifyreanisauas
wazUimslvanlnih Msudmsnisindsnuanuuames (20 %) [Wudnuuwimedrfniidisannslandseu
nsruuran NMsuFulshusenauatinih (18 %) wagn1snaueulasEiNSnlud (15 %) Wunasnswsy

' '
1 a

Premulszdnsam nisauausyuulsueINAdIRses (12 %) ddndiutieenign widnadudiunis
Hrgaanslindanu
4. NUTHHIUNANTENUNLATEFANENSLAZILInG DN

#l
il

41 msesizdianudud ;e 5 Wlsuiisumadenmsasyustuuianindsnudaniey
4 wuu (Option 1 - 4) TnsfansanduyuEui fuyuiiduny nsussudamdany yardagduans (NPY)
anranauwunely (RR) sseznanAuy wasdhsdunaysslevlsionuyu (B/C Ratio) 1 100dsas G0N
Uszidiunenlgdngasslunaia ﬁqﬁunuqﬂﬂszﬁ nsRncs warUn3esNYY  ANULANANSYBLLARE  Option
Aenvuauaveiinvesgunsal seRun1sysanMsiundanumguidey wasveulwan1sauny waaliin
ogalsfinnn unemesTEyTinvesnImuarauAgIuililunisiiuanusias Option TWdaau el
mutdedeuarANLaLYIHIYeINTIATIEY
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A1519% 5 NANIFIATILATAATYFAIVDIABLNINEDN

ltem Option 1 Option 2 Option 3 Option 4

Initial Cost (Million Baht) 7.5 10.8 14.2 21.5
Annual Operating Cost (Million Baht) 0.15 0.22 0.28 0.43
Annual Energy Savings (Million Baht) 0.82 1.35 1.63 1.97
Net Present Value (NPV) (Million Baht) 4.1 7.2 5.8 2.3

Internal Rate of Return (IRR) (%) 12.8 % 14.2 % 11.5 % 8.1 %
Payback Period (Years) 9.2 8.0 8.7 10.9
Benefit-Cost Ratio (B/C Ratio) 1.54 1.67 1.41 1.11

Comparison of Investment Options

e Initial Cost (M Baht) - -®=- IRR (%)
s Annual Operating Cost (M Baht) il \\ =B~ Payback Period (Years) ~ 14
20 Annual Energy Savings (M Baht.)-"’ N
BN NPV (M Baht) - &
W B/CRatio  _-=" e -1379
. g
o >
2 15} <
= Rt -1273
= Se 5
S N &
=2 N, £
= L5 -110
= 10 b /‘ 3
0 \ L =
[} . L ©
3 i ® &
s > i
7 >
e o
-
5F \\\ il S Lo [
.
0 y g s i
Option 1 Option 2 Option 3 Option 4
Options

JUN 7 MTileTeimnaAsygiaveusiaziLden

9T 7 nuh AldeuasnaUselevindndunuEudu Option ¢ Tuugean (~215M Baht)
Option 1 THuyushan (~7.5M Baht) ldesiiurunetiuiunumuavedasinis Tae Option 4 g
(~0.43M Baht) nsUssvdandsnued geduniu Option las Option 4 Usewdawdaauldunniian
(~197M Baht) shfavnemsiuyaenilagtiuay Option 2 & NPV geam (~7.2M Baht) Option 4 i NPV sha
(~2.3M Baht) Sasidunauszlovisesuyu geail Option 2 (~1.67) uansirilmnuduerainiian
NIAUNULALINIIHANBULNY IRR (%) gjﬂzjﬂ‘ﬁ Option 2 (~14.2 %) ﬁﬁqﬂﬁ Option 4 (~8.1 %) WeA4I1
laiduAnannin ssesnafunuduiiaedl Option 2 (~8 U) smaflaeii Option 4 (~10.9 T) unasy Option 2
fimuduAm1en1Tdugean e NPV uaz B/C Ratio g9 udz IRR Aflan wiouszeznadunuiidu
Option 4 lsifuAinlvg 1ilesandunugsunnuasAunudi Option 1 uaz 3 enaludideniisl mndesnis
AUAATENI AU ULATNANBULNY

4.2  msaANansEVUsisRaIndeN Ml 6 AnTeiUiinunsannisudesieiFeunszan
(Greenhouse Gas Emission Reduction) 2susazninden tneduiaainndufivssndald (Energy
Savings) uagfinuNIsUdesAsusl (Emission Factor = 0.5 kg/kWh) Faduruszunanisvessuy
wanlnTinludszmnelng
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A15199 6 N15aNN1SURRENYITBUNTLINVBILARLNIEDN

Emission Reduction over

Energy Savings from the Emission Reduction
Option the Project Lifetime
System (MWh/year) (tons/year)
(25 years) (tons)
Option 1 175 87.5 2,187.5
Option 2 237 118.5 2,962.5
Option 3 284 142.0 3,550.0
Option 4 345 172.5 4,312.5

waewn:  Awinlaedsintadenisuaesfiny 0.5 Alansusenlatnddalus dmsuniswdnlnilulszmelne

Annual Energy Savings (MWh/year) Annual Emission Reduction (tons/year)
360 180

270 135+

180+ 90

90 45+

Option 1 Option 2 Option 3 Option 4 Option 1 Option 2 Option 3 Option 4

(M) NMSUTERTANFIY () NMsann1sUapsNaNY

Lifetime Emission Reduction (25 years) (tons)
6000 |

4500+

Option 1 Option 2 Option 3 Option 4

(A) NMsaaNsUAseNaiiunaneiglasinig
UM 8 nsaanisudesiwiseunsyan

91n3U7 &) nuin AsnsUsEndandsanused (MWh/AD) uanaTiamdsnudivszvin
I¥eUvasusazmaden Tnefldfintunudiiuain Option 1 (175 MWh/A) fis Option 4 (385 MWh/A)
wansuduiusidudunsissninudasnaden nedsasnmsifiutulssana 56 - 62 MWh/A sewing
wiavmadenieilestiu SUN 8®) nswimsasmsuaseafusel (uA) axviousUSinansannisUdes
Areideunszanded Feinuduiuslnensstuusinansussndandsu Tnodiinduain Option 1
(875 #wA) f¢ Option 4 (172.5 fu/d) lnefidndrumafiseninnisusendandsnuuasnisantafiv
Mszanas 2:1 (MWhii) gih?i 8(A) nMNIsanNIsUdessafivnaeneelasiNg 25 U (fw) wanwwansenu
drauvaIn1IanUafiunaonsyznalasag 25 U Senfintuain Option 1 (2,187.5 6u) & Option 4
(4,312.5 6 wansWidhiieussdvinassezemiunnieiueseitfoddey e Option 4 ansaannisudes
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waiwliunNnI1 Option 1 NaUdedun @3UNToyanI NI ULAAITIANUFINUSITIUINTEN AU
vawnadeniulszanianlunisaamansenusiudaiaden Iag Option 4 wansrUseansnngegalumn
Wdmesnin Gsamnsathluldussneunsindula@sulovieiunasnulasdunedeuliegsitodiney

N159AUSI9NA

PMNUANSANYINUT  ATYTINITNEINUMURsuTUTTUUInN sNdInudnseridngnmgdlunisan
msfisnlasstglihansisaue Tnsannsasesfumufiesmsndinuesoinsléta 65 % wavannslindany
sl 24 % Fadunamannisldsruumuuuasainsdnluiuaznnsusussiauszneumdaluii s
ﬂiz%m%mwga%u (Hongvityakorn et al., 2024; Mengesha et al,, 2024) MyIATIERUEAIITIUN fusznou
fdslafia (Power Factor: PF) fnansenulagnssroussansnmussszuu lage PF fidinin 0.85 viliiAn
magapdondanuitlisndu (Latief et al, 2017) uenanil msliwdusimuduiuiaanduanmg
meuene1ms Tasiamigluisiigamniaanit 30 °C fuwildufishnnslindsnuasniuiu ferafaan
mslinuedosUueniAauarssuusTUIEeINIATIINTY (Noh et al, 2024) thieifths musiflumsda
UsgAnsnmszuuyhenudy viefinnsanlitagiitivananuieuluormsifieannisylnanndsny (Wang
et al, 2024) Twinumsugmansnisamu wuhssuundanuigudeusudussuy Andundanulssesnm
Auyuuszinn 8 U wardhswameuuwnunisly (RR) 14.2 % Tdehedluruifumilefiouiunasinnnsgu
Y0I8nEINNTIN (Hanifi, 2024) pe4l5fmN MndenAnRssrUURansosesfungsula Ity Wy
78 - 95 % vasATMFRININEIUTDIIAT AvlrFunuEuFuRuTy dwmalVersznafuyuenuuty
iy wnefiwsngaumaumsiamaussrihmdsnuyuisusaynsiansivanliihesnsiusyavsnm
(Bedi et al., 2025)

NavnMsAnETinens1in MINAILIIAINEIUgVEduAuE (Net Zero Energy Building: NZEB)
lsiasnsnordeifismdsnumudoushity  uwidosdsruuianmdsnuiiaansofuussansnmnsindany
annsgeude warUsuaunasenInnndnsasnslindsanuliegiamingay (Mengesha et al, 2024)
wonntl Mmsiseduandlidiuin mstmalulad Intemet of Things (IoT) wazlayqy1usshivg (A) wle
Tussuudamandany  annsataelinmsmaususaznisuiulnaandseudulvegaiiussans nmanniy
(Pan et al, 2015) lagagy uAdedidugriannuddguesnisoonuuuszuundsnuiiinisysanis
ogsaNnaTE I I uvUoy stuuiniundaen uazszuudansndsnudanie: ddaiifleausivog
andunuiundIy  uidiannansgnusedunndounazatiuayumnnsiaensididulueuen
(Wikipedia Contributors, 2011; IES, 2023)

G

uATeausumMaieIMIBsuItageamnsT. Inerdumalulafgnamnssunaznisians
wninendemalulagssusnaniide iduaasmdsugvdiluagud (Net Zero Energy Building: NZEB)
shensysannsndsnunyudsutazssuuiamndsnudiedes  Weindstansamannisitannlaii
nlaseng wavansansyuduandon emsinislindsoiade 47,264.27 Sad/u Tne Peak geand
104,817.09 Sadluduiiouunsiay w.e. 2568 mshngs Solar PV ww1a 125 kWp wae Battery Storage
250 kWh aansilemlihléfe 65 % vazfeniu SEMS ieammdanusia 24 % laeszuuuiudssnuszney
madlwihanmsgadeld 12 % uagsvuumuauuasEineaald 25 % NsUssliumnaATYgAansnud
spuuiiszoznaniunu 8 U Sarmaneuwnuniely (RR) 14.2 % wazaamlnihléng 65 % dnsuduandon

ISSN 3027-6756 (Online) 47

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




- RMUTI Journal Vol. 18, No. 3 (September - December 2025)
NZ. 3261370

RMUTI Journal

annsaann1sUasefiny Seunszanldl 118.5 dwd wazsin 29625 Aumasneiglasinis egalsiany
ASIILANNTIATIEA 1B9AunMEnY Life Cycle Assessment (LCA) 19U Hanszvuannmssangunsaluas
msdansveads Mnuumned Swdssrydedifnueanisiinu Wy nansenuanggnia wavealiiuiuey
Yosuu uennimasudfisuivnAdeiululssmmdeginin euansuiuniiosiuuagseduauinmih
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Abstract

This research presents the development of a dielectric measurement system for metamaterials,
using four different configurations of dielectric media. The system has two main parts: (1) a measurement
setup with two horn antennas that work at 2.1 GHz along with a vector network analyzer (VNA),
and (2) a signal processing unit created in MATLAB to calculate electrical parameters. Test results
confirm that the system can estimate the relative permittivity (&,) in the range of 1.04 - 1.58 with
an error margin not exceeding +2 %, based on a comparison between measurements obtained
from the proposed system and results from full-wave simulation using CST Microwave Studio.
When comparing the performance of aluminum rod-based metamaterial structures, it was found that
increasing the number of layers significantly expanded the transmission bandwidth to 1.65 - 2.50 GHz,
corresponding to a fractional bandwidth of approximately 46 %. These are the results of the proposed
approach in both the effective design of metamaterial structures and the development of a low-cost
measurement system that serves as a practical alternative to expensive commercial dielectric

measurement equipment.

Keywords: Dielectric; Metamaterials; Antenna; Electromagnetic Wave
o
UNuUI

Tugaiinmsimuminensuyeddatunsaadusininuegs uinns waguszneunms msBeuiBeiod
(Practice-Based Learning) lananailuiladdnyvesszuumsanwnaznisiseadelnl Inswigluan
Ingmaniuazimnsmmani dafeseduiedesdiefiannsadenlosesdnruinmguignisssgndld
oz nilsluaiosdedidnie szuuinaudimaluiivesian lnswzaladidnnin (s,) dudu
Wﬁwﬁma%éﬁfﬂumiaaﬂLLuuqﬂﬂidﬂﬁuLLﬂLwﬁﬂIWWﬂ WU @1887N0F FINTB9 vsawuwas (Chen et al,
2004; McRae et al, 2020) uenamniflumansinunsuazgpamnssuenns Alladidnvanssunuvluns
pIvinaman ANy warAunNwewmandn Fuduiugiudidyvosnisiauimaluladinunsusdug
(Precision Agriculture) (Teseme and Weldeselassie, 2020)

winsiarledidnninasfiunumvarnuansdngn  uiiedesslotalandudifinuusiuggs
wu Insaslanuud (Resonant Cavity) WinUanailauuulaueni@va (Open-Ended Coaxial Probe) uag
gUnsaifindiaesuuuaieds (Transmission Line Fixture) dapsfisiatgs Ansauarldianldenn Snednin
nslnuameluiesufifinmawiniu (Garolic and Matkovie, 2022; Rammah et al, 2015) wenanii
wesflawmdniisdidotindnurauarsuiaesinosns Tudesauiiannsosesiuld Selimngdy
mﬁm’?ﬁ@ﬁ:ﬁimaa%ﬁa%’u%aw‘%amﬂ%mﬂuamvvLmé’au'«ﬁdmﬁaum (Vergnano et al., 2020; Gregory and
Clarke, 2005) ugnaniszuuinuuuidandissdosendenszurumsuiudsuiifimududou THaamu
wardedliyaumsguiidsaigs ildduunslunsdiduouiatuegdivedify domeiiuia
aududulumstaunssuuinanladidnmindunuiidaudandugs  iesesiunslinulusunisiou
nsaeu NUITY warnsuszgndluningaavngsy

Tumhslsiftiinn eitan lisummmalaegrunsnangluminidosdmnssilain Sidnmselind
wazlnsauunay esananunsasenuuulriinuast@nsusivanlnihiliusnglusssued wu msdan
amgeulinslwiln (Permittivity) vioanwlvidurule (Permeability) \uau videdadilndaud (Singh
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et al, 2015; Fan et al, 2021) fsguil 1 Auantidsnarnilugnsimungunsaiifaussouzgs o4
|01 AUSEANSANGS (Shahid Aziz et al, 2024) fnsesnnuiians (Vineetha et al, 2023) 52mA4
gunsalmuRuAaulusyuudeasyalvsl Wy svUu 56 wazdumesidnvosassnds (Thakur et al, 2024;
Cho et al, 2021) eglsfinu mseanuuvedanlidanuuivdidinssaterfedayaarueeunidlin
vosTaneieigndes  elituiumugniesemansiaeauuhiaoaleiuuy  wazandiiuIusoUNSeRNLUY
%qé’qLﬁu%aﬁi’wﬁ’mé’wé’iﬂumui%’aﬁmum (Cummer et al., 2008)

Iumu%“aaﬁuﬁﬁﬁﬁaﬁmuam'ﬁaammuLLa:14maaUIﬂ'sqa%waaﬁﬁfa@ﬁﬁmﬂus}mmmﬁ 2.1 Anudsnd
Fadurnnmuiitinsldruoiunsvarglussuvdeasifaoyatiiat wu (TE way 56 Tudhsanud
st 6 AneiBand (Li et al, 2020) M3finyIUsznaudeiamssassielusunsy CST Studio Suite uay
mIvaaesaie lagliansemminussiunusempsniuedediinseilasmig  lunsiaansazsioundy
(S,) uagnIsAsHIL (S,) vosAAuumMAnli Lﬁa"?Lﬂiwﬁauﬁammaﬁi’a@ﬁ%’ﬁmLﬂué’aﬂmwwdw
AEMANIEDS izwmﬁ@ﬁﬁﬂmuéwﬁ’usqﬂﬂizmamaﬁfyiywﬁluiﬂiLm'izu MATLAB iiteriunamnsiwes
it Tnswomnzeiladidnyinuessanats sdmeenmauinunsdumadoniiangaudmiunisaing
aunusimanluihiifinnuasitaseuazusiugluguaudlulasnm (Murthy, 2020) NaIINN1TVAGBIUAS
n1sraeanuinlassaiiseAfanfiiauntuaiunsaniuaungAnssunisasfounagnsdssnuesndy
Idfegnafiuszansam uaznansliiudsdnenwlumsuszgndldlussuvdeansliians gunsalisans uae
sruUnsIRduAudgsiiFesmsmuusiud lussdugmamnssy

Y7
(Permeability)
A
Epsilon Negative Material Double Positive Material
(ENG) (DPS)
£<0,u>0 e>0,u>0
4 v b o
haugnanaN ARUUNINTZANY
auluiansaawu
> &
(Permittivity)
Double Negative Material Mu Negative Material
(DNG) (MNG)
£<0,u<0 £>0,u<0
ARUuNINSERTY ARugnanAm
v alufiamsdesny
Epsilon Near Zero (ENZ) AAUAZNOUNAUUNNEIY
Mu Near Zero (MNZ) UAZENIUUNNEIY

g‘d‘f/’i 1 MsduunUsennueseiian (Santalunai et al,, 2022)
N159BNLUULAZNITILATIZING

1. Tassasrsyanasaualadianninvasian
U 2 uandlassaavesyaveaeudvumsinmleBidnvinuesefian dsoonuuusiiiednsisi
AuautAnaladidnvinvesian esrUszneundnvesanaaauUsEnauMe 1) @1801N1AUINLATADIN
ftminfidwassunduuindnlaih 2) Jangedunduutindnlaiihanuigs ARedmundaaamia
voafnadey  ifletastunisasiiouuaznianssneaduegndliifesnts meermanuasiaaesiagnianng
sunthdwntu uae 3) eftaniiFesnimeaeuinegnsinansemivaeeInasaosy Fin1skeeves
yavnaeuiazgnailinioutuidluturountsdasauuielusunsuuaznisianaaouads
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——Horn Antenna

——

Absorber

|------------ 80Cm

JUN 2 ganedeudladidnyvsnvosianans

1.1 funsnszareaduusimaniiiniianud 2.1 GHz
mee A NUASHgU 3 Wueunsaiignesnuutiniiieldnuluguaaigs WU 2.1 GHz
Fadueudildfuegnaunsuangluszuvdeansldany  N150oNiUULZNIAILANILIAYEIANEDINAUINLAT
Jeflmnudfyodnsds Wielvnmsdauazuaduuimdnluiinduluosiivszavdamgsgn Tnslunisdna
Avnsfwesdfing  vesaeenAUnuasTigNuAAE 2.1 GHz annsavilddauntsd (1) - (2)
ANNBIAAY (Wavelength: 4) annsasuadldanaunisi (1) (Balanis, 2016; Polzar,

2011)
C
p (1)
A
el
A fe  AnueImau (m)
c Ao anuswasluguainia (m/s)
Ao A (MHZ)

o

5UN 3 angomauInuasiAud 2.1 GHz

AuSuAUD 2.1 GHz AnugIeaumuIlavingu 0.143 WA 159 143 Jadluns YUnUINAS
(Horn Dimension) w1avasununsanunsamuinilannaunIsilinuenInfukasyunIsuksad (Beamwidth)
lagaunsi (2) (Balanis, 2016)

p-—*t 2)
sin(6/2)
Tnedi
Ao uInURIINLes (WAT)
k Ao Ansil (%u@gjﬁugﬂﬂiﬂ%aﬂﬂﬁﬂLLMS ﬁm%’wﬁﬂumgﬂﬁmﬁwﬁuﬁﬂ k~0.51)
Ao Auneeadu (e)
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WU liANNNINEIAAUNANNAY 15 99A7 @1UITOAIUINIUIAVBIEIEBINAUINLAT
anauni1si (2) Av

_0.51x0.143
sin(15/2)
D 007293

~ ~0.56 LUHT
0.1305

AMUATINAARU 15 B9FN MUIULIATBIENERINAUNNLAT AU 0.56 1WAT 158 560 Jaaiins

1.2 fnansuuuwisegiiileniianud 2.1 GHz

Tnssavillnnheveseftanianuieglidondigudl 4 Tasuszneusevangesduszney
fitnglunismeuauastonduusindnluiilfogivssdvsam Buanguil 4() Jeuansdassaiieiiug i
vosoRtaniduwisegiidion 1 i UM 4@) uansmsinBeaunseiiaguuuruiy Tnefusiuef Tanae susiu
gndnFeduduarruuty 307 @) waninsdndeunseiianuuulel Sumaisaosazndlunuad
wazwusuiieaidlassaiafiannsane vaussienduusimdnluinluvanefidvionarelnanlsd Uil a()
wanauvisogiidonsuuvlaifuudvssnavludnisnaiestuionun 3 Fu 9inlassadieianun
seazdonvuinvedlasaivedfaquuuuisegiidendagnldlunsfinud dwimed 1 aunvesedtan
Usgnaudasmafimesddyuatsdn ldun A, wer A, Sadumnunirweauvisegiifenluusiasty
wnaves g, Aemnugeedasiaii sude t, Fuandennuenveseiian vuemkmaaiBheduiaduns
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msfnuniiingUszasdiftoyszandlfasnnslve 3 ofia 1ud Tumiou WMorus alba) % (Alpinia galanga)
LazNIzUY (Boesenbergia rotunda) Lol uUasniunsgadvinguazdaengnaiuinuivenan o
nyuAUSsE (Raw Seasoned Minced Pork Products) maié’usi%ﬁmsﬁammmﬂﬁaqmmﬁ 4°C \Jusgegim
6 u Iﬂ&JLiJiEJUmaumumammumﬂmamﬂm (gns 1) uazifunsziiey (Allium sativum) (g3 2) Fadu
amulmﬂﬁfﬂumiauamaMM%LLUiiUmmuaam Han1sAnwInuIINANayulnsinenareauauda
yamenm eduia 1@ (L a* b¥) auautRmaed (@ pH) waenadugdunis Taefinsdlumiou
(@ms 3) uagdn (gns 4) fnadenafiunnuudadoduda luvaesiinmafunssse (@05 5) fuasionisiiy
ArwiBanguuazmieulfenedioddny uenaninmsiunsufion (@rs 2) wandifiuindefusnuuu
6 u laimmmmu@mmim?{ammaﬂéf vilsien pH anasedslided ey Weadeutunmsialuniou @1
WagnIny (@05 3 4 uag 5 MuaAu) Wugaiugunmeud lngiemnennsiiunsyee (gns 5) dAanuaing
(1) waeAdunt (@) asmmeanmsiusiuun 6 fu dlifuinssneiiusAninm lunsinwesiusznoud
FLuﬁamﬁé’a&haﬁUizﬁm%mw ﬁﬂmmaamugmmﬂﬁwmLmﬂﬁﬁ'sﬁv’wm (<6 log CFU/g) saufianunilise
nolsAlueIns S. aureus way B. cereus (1.89 uag 1.93 log CFU/g) IWEJLQWWVLaJ'WUﬂ’liUuLﬁau"Um
Salmonella spp. saeamsfiusnumu 6 Tulfosheiuseavinm fuiu nsliayulnseusuusmmunm
YINMBAW T wardveavyunURsaTuansaty Tnslawismafiunseng (gas 5) @uNs0RInANIW
wazenulaenslfesnedussAvBnmunniian \umadeniihauladwiunisianndnsumiiedn iusg
faonsiereguilnnadely
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Abstract

This study aimed to apply three Thai herbs, including mulberry leaf (Morus alba), galangal (Alpinia
galanga), and fingerroot (Boesenbergia rotunda) to enhance microbiological safety and extend the
shelf life of raw seasoned minced pork product. The samples were vacuum-packaged and stored
at 4 °C for 6 days. The effectiveness of the herbs was compared with a control group without herbal
addition (formula 1) and a group supplemented with garlic (Allium sativum) (formula 2), which is
commonly used as raw meat preservation. The results demonstrated that Thai herbs affected the
physical properties, texture, color parameters (L*, a*, b*), chemical properties (pH), and microbiological
quality of the raw seasoned minced pork product. The supplemented with mulberry leaves (formula
3) and galangal (formula 4) resulted in a significant increase in firmness of raw seasoned minced
pork product, while the supplemented with fingerroot (formula 5) resulted in a significant improvement
in elasticity and tenderness. Moreover, supplemented with garlic (formula 2) was less effective in
controlling pH, resulting in a significantly rapid decrease in pH after 6 days of storage compared to
the samples supplemented with mulberry leaves, galangal, and fingerroot (formulas 3, 4, and
5, respectively). Similarly, in terms of color quality control, the supplemented with fingerroot
(Formula 5) maintained stable lightness (L¥*) and redness (a*) values throughout the 6 days storage
period, indicating its effectiveness in preserving the color characteristics of product. It was also able
to effectively control the growth of total bacteria (<6 log CFU/g) including pathogens S. aureus and
B. cereus (1.89 and 1.93 log CFU/g), and no contamination of Salmonella spp. was detected during
the 6 days storage period. Therefore, the use of herbs to improve the physical, microbiological,
and color qualities of seasoned minced pork, particularly the addition of fingerroot (formula 5),
which most effectively quality and safety represents a promising natural approach for the

development of safe processed meat products for consumers.

Keywords: Raw Seasoned Minced Pork; Food Safety; Shelf-Life; Herbal Plant
o

Unu

WAnousiyuaUTIsa (Raw Seasoned Minced Pork Product) iumillundnsfausinanisén fianansadnediu
wanfusidedniulsguiu funasiBeanioionnszgnoondeeiesing Aliiunszuaumaulssy fegs
wanfuslunduiifuee Wy Hehanueueiined laoThdndosvyuausesall WWuamufen eghaunivans
Tuvszmelne \esnagmnlumsUszneuesuasiisanigniiniuilan enslsimuiosanidusdnsiosi
figlsdrunssuaunislimnudeu Sdlmuidssensdendods nanfuridvinanhsasy (a,) Ay
(Moisture Content) g Bnviaillusiuuarlutufussdusznaundnifuumasaiveu-lulasiau (Carbon-
Nitrogen Source) ﬁLmuwauﬁm%’UmiLﬁmaa@éum’%é (Djordjevi¢ et al., 2019) Bnvrimaeavadlen1suan
firnudesionisuuiouriuvisfiansnsafntuldfusnszuiunssndsd msuwdss mavssgituve Tuauf
msdadmie Teeamezethsaiioagluannzoamgiivlivanzandeliinseuagamni uiidullamddy
finsynusenunLazALUasafoTesHAnTeyUAUTIS Ae MIogsen MstaTaueagAurEsTvinlviAn
nsvdeude ImSLQWWSQauﬁQﬁEJBﬂsLummi W Staphylococcus aureus, Bacillus cereus, Salmonella spp.
way Escherichia coli FslsiifipausneliAnnsiuasunlameUssamduiavomdnios wu nau & way

Wedutla widanaliminlsan1ee1visle wu ain1sevsiuiy a1lReu wseviawds (Mansur et al., 2016;
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Scott et al., 2020) uaﬂmﬂﬁmslﬁmﬂﬁﬁ'%maaﬂ%l,msi'fusuaﬂmﬁu (Lipid Oxidation) Sadusntadeiiddry
Sedwmarionunmaskanfasidedniuusgy Wendumiiuiiu s maAsunlasd uazmsanases
AAvalavuINITIese s FsnsiAneendinduaansaslddouas gamgil uaznsduiatuoendiay
(Falowo et al, 2014) dewaliorgnisiuinyvewaniusianas

Tuthytunsmuaunadendevontednd odniuusgy mudmwdndasinguadsesadinliasiuye
waz/viseansinueyyadaszduasedt wu Tudeslulesd vieloiialensendlngdu (BHT) Tauwseiiuseavdnm
TumsBeerenmafiusny  uinsuslaalutBinasnndedunaiuiueianeliienansenuseguamm  (Papuc
et al, 2018) viliiguslanlugatiaquuianudesnisuanfusiormsfiusaainaisiaivg efdunas
MnsTsTRdLTY nuuiliudindniinisinwihasataanfivayulnssssund alddumadentlunis
auoNoNs Wiedaengnsfiuing Tasiavnefivauulnsivg (Thia-Medicinal Plants) Sasiqnivnatanin
BaNRAY ﬁquéﬁmauyjaaaizLLasé’ﬂufqa%W (Yuwang et al., 2019; Rattanahemboot et al., 2022)
Tnevialulunduadndasiidodniuussuienldnsadon (Alium sativum) Saduayulnsildsuamnuden
ogrsunsnanglugmamnssuutszhiilodnd uaznsseusunguilaeluani edidosinnsudioy
flosdusenaumsTanmilddgvatesin Wy w1luiu (Saponins) w1lndfiu (Sapogenin) warwaliuoss
(Flavonoid) #flanuasisonssuiumsidnuaznafuinm Tasamendunailuess wu vanl (Flavone)
WazlA9TAU (Quercetin) sauivaIsUsEnoudaves (Sulfur) Wu weada-Fawmdu (Allyl-Cysteine)
Taweadadalvia ( (Diallyl. Sulfide) LLa”LLaaaalm"?Jaleﬂ (Allyl Trisulfide) mﬁ/lm‘mmﬂmiumquﬁmuaumaaaiv
(Antioxidant) @vanunsatisvgasnaidesaninuete s wasiaiuaulasnfovesnandusiiiodn
(Lanzotti, 2006; Brewer, 2011; Kovarovic et al, 2019) usinszitenaziduaspilnsfidosdlugnavnssy
wssthilodniinegnaemuiu winnaluvdeussyndlfayulnssinduiifinaandinedinmiadoads
vdoiaSugvity  oraduuuimediunaulalunsfaundedarnadenlniifiaunmuazaudasade
asnsaifisnnuAmalnmuIms wdeliugvisinugadn (Antimicrobial) Tuyion (Morus alba L) Usznause
ponguaneiinmiiddy wu aswaliuesd Felquidiueyyadaszuazanunsndudaininaiyues
S. aureus B. pumilus. Wag E. coli laagnafiuse@nSain (Cui et al.,, 2019; Chanthabal and Mahidsanan,
2023) WuLAeInuL (Alpinia galanga (L.) Willd.) L*T]umﬁﬂua;gulwﬁLLaxLﬂ%awmﬁﬁsmﬁwmﬂszﬂaumms
LﬁaqmﬂﬁﬂfﬂﬁwamzLmﬁﬁﬂﬁiy laun FLueea (Cineole) 2,2-laluiia-3-lwiadulusuasuiu (2,2-Dimethyl-
3-methylenenorbornane) wazdan-Aesafiug (a-Curcumenene) Ssfiguidiuouyadasiwaduzids
sufsdudateuuniiFounsuuanuaznsuauegaiuseAnsain (Aziz et al, 2024) uanainil nszae
(Boesenbergia rotunda (L) Mansf.) gaulusheansuszneuitueanuazrlathussdiiuanigvsfuqgadnuas
Fruoendedildn Tneanansadudinnseiaues S. aureus uay B. cereus (Sopitthummakhun et al., 2021)

falh AT iR ngusrasdifiofinuinsBaeemsiiuinynandusiyuausssadensayulng
Tumiou 91 wagnszane swAumsivinuigaumniim Tnglifenmasiedidaaszs Wemaudululs
naununslinsufien Taefinsanandnuaemenmenm deduda 3 dued wu Aanudunsa-dng
fdsundadly wasmegadiineweskdniusivyuausssa ieneulandausesnisvesiiuilaniiuemn
oI Uaonsy uazlimnufusssumnilaglifvensinidaase

A5 UN15IY

1. IngAunaznssuIsnisnaayuausesaayulng
Tunszurunsnasvyuaugssad fngAvlumndaded wyfndu seausssa §829m melgesa
thaanse uiiu wa 59080 winlne neudiey waraslnsildlunsfinw Tiun Tumieu 91 uaznseae
Fumpunawisunansusitneandendel mawieuieny diludehanuareindiethazein antu
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sududuruaUszainu 2 x 2 wufiues wdnhiuadeniowaliih (Sammuda 160 sousoud
Funan 3 wnfl) iitelildidenyusifidedudaasiBonasiiane Yaghvauulns 1oud nswdflen Tumiou
9 upnsers Mehanuaronieharein 2 s Weanmsuuilouresdanusn ntudeslazio
15wt rewhinunazBeslnglfiedastiulni (Snsaumds 160 seudeund Wunan 1 wif) 9
thaunafiwioudensisdl 1 nefigns 1 (Negative Control) si3egasiilifinnsifnasulng Uszneude
vyfnduun goaUssa 0w neugssa tmansie uttu we 00T waswdnlne ges 2 wiegasiil
madunsefienilimnlulusdesusiBandsd Useneusedmusneumiioutugns 1 lnsdunseidiey
Wueaduges 3 ¢ waz 5 Alnsdlumiey 91 warnsEIe MUY NNERTHALYDINTTUILNTHER
mmmamammmu 2wt nduhwansusivyuausssalundas ammi%aﬂumammmﬂima%
memimwuammmﬂ (Vacuum Sealer) tlomupuiiadoeondiay daduaummuesmsidonnuninyes
odn (Kernberger-Fischer et al,, 2017) Uiiﬁ;qumsﬂmaﬂanaaﬁlftja (Aseptic Condition) AiuShwuay
AnnunashegsTussudgniiusnulifigamai 4 °C wasvhmsfinuauammegidluiui 0 2 4 uas 6 Hu

[ a |

M990 1 dngAvuardiunanillunisudavyualiesa

9

nyual§esa (% w/w)

IMOAU

! ans 1 gns 2 g4ns 3 gns 4 g4ns 5
nyRniuun 75.76 72.99 72.99 72.99 72.99
woAUITH 3.79 3.65 3.65 3.65 3.65
§6wm 3.79 3.65 3.65 3.65 3.65
ANTPRPE! 2.27 2.19 2.19 2.19 2.19
vhaanse 3.79 3.65 3.65 3.65 3.65
uisrlu 3.79 3.65 3.65 3.65 3.65
BT 2.27 2.19 2.19 2.19 2.19
SINRNY 2.27 2.19 2.19 2.19 2.19
wanlne 2.27 2.19 2.19 2.19 2.19
nIIBY 0 3.65 0 0 0
Tumiou 0 0 3.65 0 0
9 0 0 0 3.65 0
nsAY 0 0 0 0 3.65

NYUA: % w/w mnefedosarlneiminvesdunauusazaiadedioutubminguiome Tuusiazgmslaod
dunaniiugiu WWun ufeify seausesa #8um wey weuwsa dnanse el sindnd uay
wInlve WWludinawiiunngns
gn3 1 Ao gnsmuau (Negative Control) lsifinsinayulns
an3 2 Ao IdrunasmensyifionfifldmineudluBsndied
gn3 3 Ao AfinsAslumiouiia
gn3 4 Ao AflnsiANg Ry
gn3 5 Ao AnANRTEYEL
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2. MsaATZRauUANISIIEATNLAZLAL
mwmaaqﬁléfﬁwLﬁumiﬂﬁsLﬁu@zum‘wsuamamﬁm%mguml'gﬁaﬁﬁmi@uagulm (lunsiou 91
waznsze) Wisuifisududiliifunssidfion (Negative Control) uazvyuaUgesafiinnszifion Tnauys
MsAATER 3 383 W msinuileduia (Texture Analysis) msimsizstmanudunsa-ss (pH Analysis)
wazAd (CIE L* a* b* Analysis) el
meneidnuamiloduiavondntusie 5 gns lnolfiatosinguautimiadofiia (Texture
Analyzer CT3 10K, BROOKFIELD, USA) %230 TA41 ¥11A15InA1AuuLUY Auude Lagusiiiunisen
YINANTUN LﬁaLU'%&JULﬁEJUmmmeﬁmé’wulﬁaé’uﬁaﬁwdwﬂﬁjué'hasm (Migdat et al., 2020)
msezraaudunsa-ms meausiege 10 ndu futndulasaide 90 Jadans Tudnned
qun 250 dadans Mniuldiedecdunan (Blenden) Tduideadortuduna 1 wifl u§rShnisTac
#8 pH Meter (Mettler Toledo, Switzerland) wesansazans wieUsuiiuanudunsn-mavendn s
Tuusazans
nMyiaTinuandAnanoamlufud Jadnnuusndavesdlagliiniesind Hunter Lab
(Chroma Meter CR-410, Konica Minolta, Toyko, Japan) lngnisinmiinadluseuu CIE laun an L*
WARNTEAUANUAING (ndan -L* TUaudsdun +1%) a1 a* wansseaudlulnuleniiwns ndden -a*
feduns +a%) uarA1 b* wansszdUAluunuRuRawEes (nfhiu b* Bdvies +b%) memeiynm
szsflunsluiud 0 2 4 war 6 veanafiusnw ensraeumsasuulasiindusswinenisfiudne
3. N1TIATITRANUANIAIUEUNTE
3.1 AsnsaatiusuAiiBenomn (Total Plate Count; TPC)
ﬁwﬁmﬁm%m&mﬂﬁiaLwiaxgmiﬁmﬁﬂ 10 n¥u wAilu 0.85% (w/v) Sodium Chloride
Usuns 90 fedans welidntumeldannzuasnite Wislildasuiuasslummududu 107 91y
n1530919uULAUW (10-Fold Serial Dilution) serfiesauldsyiupinudeasiivunzaudmsunsiiu
$rnulaladl Mnudazseiuaudests tisegdiung 0.1 dadans inasuuermsiaontevin
Plate Count Agar (PCA, HiMedia Laboratories, India) Lﬂ?ﬁlHlﬁﬁaﬂjwﬁWQWULgﬁJﬂL‘ﬁaﬁ’JaL‘Vlﬂ‘ﬁﬂ Spread Plate
vmsnmaddudnuazdr 3 91 (Triplicate) mm"?uﬁ’mm??&mL%alﬂﬂmﬁqmmﬁ 37 °C Wunan 24 Falus
ﬁuﬁﬂf\‘hmuiﬂiaﬁﬁtﬁm%uuumuﬁﬁﬁwmuiﬂiaﬁasjlmm 25 - 250 lalatisioau (Colony Forming Units; CFU)
(Bacteriological Analytical Manual (BAM), 2001) Lﬁ'aﬁﬂmmmﬁiﬁm’maﬁuw’%éﬁy’wmbwm‘a log CFU/g
SONFe 1K
3.2 manratudeqdunddialanluanms
M30519UswI S, aureus sufiunistaen1sUnansazanefegafiiiunisioans
TuusazsesuUBinns 0.1 Taaans asUueIMsaBIie Baird-Parker Agar (BPA, HiMedia Laboratories, India)
fifldunanes Egg Yolk Tellurite Emulsion (HiMedia Laboratories, India) wnagliRomihaiuasde
pewaila Spread Plate Fmsnaaesludnuazd 3 4 (Triplicate) ﬁﬂmuwaL?ﬁy&JﬂUﬁmﬁqmmﬁ 37 °C
Hunan 24 - 48 Hlus anatulaladdmiunnguuauemsifidnuegsening 25 - 250 laladdeau
LLaziwmﬂugU‘Uaﬂ log CFU/g 299619819 (Gunasena et al., 2021)
MsnsRtus oL B cereus lnglddognafiinun1sidoananundunin (10-Fold Serial
Dilution) Twafaogeiioanaudausanmns 0.1 faddns asuuommsiasadevin Mannitol Eeg Yolk
Polymyxin Agar (MYP; HiMedia M636, India) wnaelviadaemaiin Spread Plate meldannzuaonite
iluustgamgdll 37 °C WBunan 24 Halus vdanmstuaneivlaladdwmivnnguuenadeads
Fruauegluie 25 - 250 lalailieaty uaskansivazgninluduin uagsemuluguves log CFU/g
Y99$19813 (Harper et al., 2011)
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n1sns1mde Salmonella spp. fogremdndaeivyuausssaudazans 25 n3u sty
Lactose Broth (HiMedia, India) Usums 225 {adans mﬂﬁ?uﬁwlﬂijmﬁqmmﬁ 37 °C \Hunan 24 il
(Pre-Enrichment) #dsannmsvaTiund3anns 0.1 Taddns adunasaiiussgemmaiaiuden (Selective
Enrichment Broth) il Rappaport-Vassiliadis (RV) Medium Usu1as 10 Haddns wawaulaniu
mnf?uﬂwiaﬁqmwgﬁ 37 °C Wunan 24 e easuszevnan thidudaie (noculating Loop) wazu3m
Awetemsiasadewanly RV Medium udrsndnuufiintiivesomsiasadoanis Xylose Lysine
Deoxycholate Agar (XLD agar; HiMedia, India) ﬂmﬁqmwgﬁ 37 °C Wunan 24 3l Talatlves Salmonella spp.
AaSguu XD wwildnunzianz Ae laladfdunsuaziganarsdmduinanmsain HS msduduia
YoAUYIEAISALTIUNTTAEMIE Biochemical Tests #3938 Molecular muAAvsNgas (Pal and Marshall,
2009)

nMsmsaie E coli $hed® MPN (Most Probable Number) shoghaieaauwdilitiszsi
AMNIRBNN 107 107 uay 10° Tusezuu 3 Tube MPN lagld Series 3:3:3 UiUnansazanametslulsaz sz
AMUEE919T8 3 Tube MPN aghsas 1 fladans ldlumasnewnsiassde Lauryl Sulfate Tryptose Broth
(LST; HiMedia, India) fillvaensnuianthes mudednsas 3 vaen Uufleamnil 37 °C Anmunalunaon
Fidautaiinan 24 Hilue dwSumeesildinuialiurelunliinsunan 48 $lue dedennvasaiifnuia
adlunasnamns Brilliant Green Lactose Bile Broth (BGLB broth; HiMedia, India) ﬂuﬁ@mwgﬁ 37 °C
Wy 26 ks wiwhmstudunalaensanedoas Escherichia coli broth (EC broth) fiiinaensinuiays
ﬁqmmﬁ 44.5 °C (Feng et al., 2002)

4. NFAATIRVTIYANINEDA
AATgraudAnianignm maedl wasn1eadiunsd 1aganun1ITInaeRuUE NNy sl

(Completely Randomized Design, CRD) AAT1ziNan15naad AMuLUIUTIUIAYS ANOVA uailasIzi
AATILANANARRESETE Duncan's Multiple Range Test sefutitddty 0.05 TngldTusunsunsadn SPSS

NANISI8

msUszgndldayulnslvedis 3 wdn Tdun Tundou 91 uagnszrs Wesnwinmam wazaruasads
e uRdun3s  maenawdielildndnsueinyualssaiongnisifiuinudenuiuiy e 2
uansHaN TR eidnvsledta (el Ammilsn aanuBandu uaveAuTy) WER
vyuaugssaiudsuudastvluszrinemsfiviivium 6 Ju wuimsisayulng lumieu 91 waznszwne
ﬁma@iamnﬂ?ﬂauwaqL‘ﬁaﬁmﬁaﬁuaqNﬁmﬁmsﬁumﬂﬁhﬁuaﬂﬂqﬁﬁaé’ﬁﬁg wazawWa LAY Y9 LA IAUSIW
7 0 2 4 way 6 Ju unneetuetelitudfey (P<0.05) Tnefifoduifarnuuds (Hardness) nanisnaaes
wandliduimngnsnisnanimaruudeeglutas 8 - 10 ¢ widlossernamafivinvnniu wuhmsdiu
Tumlou (g3 3) Anuudweadedudaiudu Tuiufl 6 fienuuds 13.00+1.73 ¢ Tuvnsiignsaunu
(@03 1) Wunsuiflon (@3 2) uaniunszeis (ges 5) Aenusdadoduddluiud ¢ fuuliuanag
dlafusnuuiy 6 Su 9.67+1.53 9.00+2.00 war 9.67+0.58 g muaIU uanslidiuinisdlundeon
(gns 3) Tevilindnsuridonyualsssa Saruuduserudausedy Turueiignsnuay vieflifimady
auulng (gas 1) gnsfidunsuiiion (@ns 2) uaznsene (@03 5) Insiasuuvaseseuudauasiiuudliy
anasdioifiuinuuuiy

auwiieafindle (Adhesiveness) Huniiduannminuiledudaiiandyfivsonindnsusivnya
Prelanunsaiiunetusuiduteouldie liwnvdongnirsserinnsdanis wuigasitldfinisfuaulng
(gm5 1) uaziiutn (g5 4) Tefananigeian 0.23+0.06 uag 0.22+0.03 mJ luvaiiinsifunsze (gns 5)
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finmmilewiniian fe 0112001 mJ egnlsfimuileiusnuinu 6 Fu wuimngnsmssdniitngis
nswifien (gns 2) Wdluvileu (gns 3) W (gns 4) uagiiunsyane (@ns 5) laesaimanumieiogiugis
0.10:0.17 mJ wadinamenaiesnanmsfiaslnsfiosduszneumaaiiaunsanusBamiessrhaiede
voslUsiuls edamarennantfivnanavowansis

AArmBangu (Stringiness) vauiodiuia wuhiluwaldudeutrulsusunasnoigniafiuing
w6 $u lunngmsmsnan eghdlsAmugasilifinsivayulng @as 1) dadandngaiandefiusnyu
6 $u flo 4.88+0.77 mm F8sa%NAB gRINIHARTTNTFUNTEITIEN (993 2) fie 2.4620.79 mm Wefiansan
ayulnsivhumaaeuiiiodesnsunuiinislinseiion wuirgasiiiunszne (gas 5) fldanudangu
1.76£0.26 mm Woiiudnwiuiy 6 fu Fageningnsiimilumion (@e3 3) uavan (@as 4) Adednd
wansliiiuinszsenafidneamlumsnnudnuasduaudangureaieduialdiniayulnsindy
Adlunsinu edlauauiFgananiimnuddysonsdadouazanuiinvusifevosiuilan

dwumamuinevieunnieveniiofia (Fracturability) wuhgnsfidunszney (gns 5) Tl
anasegnalifddy 99nudl 0 Wil 5.33+0.58 ¢ aueTufl 6 Whitu 4.67+0.58 ¢ vesmsiiusnw egnlsinu
WA AausiuaUssanslumiou (gns 3) wasiive (gns 4) ﬁmﬁmémﬁuqqsﬁmﬁaLﬁ’U%Jﬂmmu 6 Tu fe
6.0041.73 WAy 6.00£0.00 ¢ uandldiuhasulnsleds 3 slafdvinarensuAsuulasdinuusedusia
vomAnAusiyunUsssaetnetay Tasmsiulumiou (gns 2) Heufin muds madunszne (95 5)
FAsINEAmEY waznsiinn (ges 4) dinaaminidaiieveswansins

A13197 2 man1saeszidnvaeileduda (Aranuuds aenuwies aenuBavgu uazaiaue)
ARy uaUesanUasuwladivlussninanisfiusnviunu 6 u

szEzuSnY HARSIInyUAUTeTE

(1) gns 1 gns 2 gns 3 gns 4 gns 5

A1A1uule (Hardness; g)

0 9.83+0.76™° 8.00+1.00%° 9.67+0.58°  10.00+1.73"  10.00+0.00"*
2 10.00+2.00™  9.55+0.51"* 9.00+0.00™ 8.67+0.58™  10.00+0.00"*
4 10.00+0.00™  11.00+1.00"" 12.74+0.23"  11.67+1.53""  11.00+1.00""
6 9.67+1.53" 9.00+2.00"* 13.00+1.73"  11.33+2.08"°  9.67+0.58"
Arauwitea (Adhesiveness; mJ)
0 0.23+0.06™ 0.14+0.06™" 0.19+0.08™" 0.22+0.03" 0.11+0.01%
2 0.13+0.06™ 0.11+0.03" 0.10+0.00%° 0.11+0.01% 0.17+0.04"
4 0.13+0.06™ 0.09+0.02*° 0.20+0.01" 0.10+0.01*  0.11+0.03%
6 0.22+0.02" 0.17+0.06" 0.11+0.01% 0.11+0.01% 0.10+0.00*
ArMUBANE (Stringiness; mm)
0 1.85+0.50%° 2.35+0.54" 1.77+0.21"° 1.31£0.27"  1.06+0.10<
2 2.37+0.99% 3.47+0.21% 1.45+0.37" 1.78+0.25" 1.26+0.00™
4 1.29+0.33% 1.72+0.24% 1.65+0.32" 1.33+0.33" 1.62+0.31%
6 4.88+0.77" 2.46+0.79%° 1.38+0.45™ 1.43+0.30™ 1.76+0.26%
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A13197 2 man1saeszidnvaeilleduda (Arenuuds aenuwies aenuBavgu uazAiaue)
HAnfinyuaUssaiudsuwUadlulussninanisifivinwiu 6 u (de)

szEzuSnY HARSIINyUAUTITE
(1) gns 1 gns 2 gns 3 gns 4 gns 5
A1A1ULUS1e (Fracturability; g)
0 5.33+0.58™ 4.33+1.15% 4.00+1.00™ 5.33+0.58™ 5.33+0.58"%
2 5.30+0.44" 4.67+0.58" 4.00+0.00™ 4.00+0.00™ 6.00+0.00™
il 5.30+0.61" 6.00+0.00™ 5.91+0.21" 5.69+0.71" 6.00+1.00™
6 5.00+1.73™ 5.00+1.00" 6.00+1.73" 6.00+0.00™ 4.67+0.58%

o

MO ARGELAzETENULIINTEIY (£) 3INNTNARS 3 9

aad

frenusiuanssiulunundeimnuuansefuneadin (P<0.05)
Frsnusiuanaadulunnueuiinnuuanaeiunsadndg (P<0.05)

gn3 1 Ao gnsuAu (Negative Control) luifinsianayulns

gns 2 fie Pfldrunaneansziion (3.65% w/w) ATl mneudludondue
gns 3 Ao ftinsdnlumdoudia (3.65% w/w)

gns 4 fe MnsFLT LY (3.65% w/w)

gns 5 Ao NINMSANNTEMELY (3.65% w/w)

navesasulnsrensUAsuuaseadunse-aa (pH Value) Tundnsasia 5 gns e pH
HuladovilsiidsmarenunmiazauUasndvemaniusivyuaUpsa  Inofinasenisaiyveaunie
wagmsnaveaiioduia :nguil 1 uansnauAsundasmanudunsa - fa (pH Value) vow@nstost
nyuaUgssaluszninmaiivsneug 6 Ju wutiie 5 gnsiihmsndaderinisiusne w6 Ju
i pH vewmdnfasianasediseiiedluyngns Tnefinisidunssdion (@as 2) A1 pH anawn 6.43
wide 5.89 a1 Juil 6 vesmsiiusnw FadudiiiandlowSeuiouiugnsdy dmsugnsfiinisussgndld
ayulnslnedy q fuenwilennnsudion oud gesifimsdulumien @ns 3) \ud1 (@03 4) uaz
Funszane (@95 5) wuten pH anadludnsfitiningmsemuauilifinisfvayulng (@as 1) wasifunsuiios
(gn3 2) uenanddamuindiovhmafvinuuiy 6 fu nmafunsse @es 5) ufasduualiue pH
anadlndifesfunisiiunsdion (@ns 2) wiogdlsAmme pH Tuduil 6 fimsiany Ao 5.95 Fsgend
fadu msinagulng wu nsevie 9 warlumieu uenanagdidnenmlunisszasnisivisunasmes
A1 pH udgronatheannnudunsaludasiidininseiey
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%D’Ii 1 gms 2 qﬂi 8 2‘1‘(315 4 qW? 5

520 N

JUT 1 mswBeuasienadunsa-mg (pH Value) vesdndurmyuausssalussnismsiuingmiu 6 u

wansdeyafoaade + dudeauumnsgiu (SD) :nmsveaes 3 91 Tasiigns 1 Ao grsaauny
(Negative Control) liifimsifuayulns gns 2 fe Aifidiunanveinseifion (3.65% w/w) AN meud
TuBswndled gns 3 Ae Aslmsidnlumioufia (3.65% w/w) gns ¢ Ao fimsidniy (3.65% w/w)
Lazgns 5 fie TilmsAnnsEeLia (3.65% w/w)

saa o dl

nswasuulawnuend Jadusviinunmitasviouiadnuasnaniosing daased 3 Tasfiansan
Adluszuu CE Lab Tdun A1 L* (anuaing) a* (andunsiden) uay b* (landmdesihidu) wuimngas
nsuAnfinsAsuuUasenafidedfgmeada (P<0.05) Wiluusazgnaie 5 gns uazsEwItesEEzA
AUshw (0 2 4 uay 6 Ju) A1 L* w30 AUATRNUIINISANNTEYe (@5 5) diAn L* aegaluyngisan
fimafusnwdusiud 0 (L 65.96) laufieudl 6 (L74.50) wamsdsanuainsvoniondntausivia
wniignidleifieutugnsdu vuziimaduluniou @rs 3) Wil L* damduiud 2 edrdmau (L 74.20)
uinduanadlutudl 4 (L* 66.65) uazidlevhnafiunvuuauieiuil 6 wuidnuugsnginnisidenids
ogsdaunaldidlianansansaadamuls (NE; Not Examine) wWuienfunisiing (gms 4) luvazignsniuny
viegmsiilaifimsiinayulns @ns 1) wazgnsnszifien (s 2) wuiiin L Tussfuiunanaualiuanauunliy
mafintuegnetaiay uandofuinuuiuie 6 Yu ianmsdeudsogadunaldishiannsonsafnauld

dmiunsiwasuulasen a* Jauanafaindung ﬁﬁqm@mmwmmaﬂﬁ?u NUINSLANNTEUY
(gns 5) fAsiuazganingnsdu nandolutuil 0 fidigean (@* 19.86) wavAfiuanddaandunslsianas
wiifistuegreraidoslunnfivinuiuiu 6 Yu (a* 25.69) vauefidnd (@ns 4) wuhiluwldufstusguiy
Tnesuanluiud 0 feuansdiaandung (@* 17.42) uazailianaudifiutuegsiatodlunisifivinuuiu
4 $u (a* 24.06) Tumanssiudugnsilifinsduaulng (@03 1) wazgnsnseiiion (@as 2) duulifves
A1 a* Bauansdaianduns anavegnedeidioadionngninfiuinyiuiutu Smnmansmnaesiagiioulfifui
UsgAvBamuesnsidunssane (@ns 5) fianunsasnwinsiasuulasesdlundesusilildlaeidang
wndunsilalundndusiognsldodfny

Tuduvesen b* Fuansduanfindes wutiiges 5 fefsduessiney Tasewgnafunssse
(gns 5) Jufl 0 fidn b* 9.43 uerluwldudndudu 1361 il 6 Faunndsedeiteddryiugnsdy
(P<0.05) Tuvauziignsnlilfimafnayulng (@03 1) grsnszidion (@ns 2) gaadalunieu (@3 3) wazgns
fWdse (@as ) Remsideudsesedanalssliannsansafinnuliluiuil 6 vosmsinmegnisifiuinm
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[ L4

A15191 3 AsiUAsunUasndlussu L* a* ua b* veendnsiaueinyualsssaiiiuluussydueiggaainia
Wuan 6 Ju

i o _ HAAAMYINYIUAUTITE
FTUIUIU %j,ﬂi 1 gﬁi 2 %:]ﬂi 3 %:]ﬂi q Qﬁli 5
L* 0 61.16™ 62.29% 59.48"% 61.99"% 65.96"
2 64.67% 63.21% 74.20™ 66.51% 71.717°
4 64.32% 64.11% 66.65" 78.24" 74.10™
6 NE NE NE NE 74.50™
a* 0 18.02% 16.24% 12.34< 17.42"% 19.86™
2 15.63 17.73% 12.90% 23.63"° 22.19"
il 15.26™ 15.47% 11.32% 24.06™ 22.25"
6 NE NE NE NE 25.69™
b* 0 8.36™ 11.25% 6.82% 8.97% 9.43"
2 5.26™ 8.35% 9.70% 11.90%° 26.32"
4 6.29%° 6.20% 778" 12.67"° 10.76"
6 NE NE NE NE 13.61™

VB ANaREIINNITYINAes 3 91
fsnusiiunnssiuluusudiaauandeiumsedia (P<0.05)
fdnwsiiuandnsfilusuadedauunnafunisadad (P<0.05)

403 1 Ae gnsmuau (NegativeControl) luliinsiduayulns

ans 2 fe MildiunauveInsHIion (3.65% w/w) IS mheudluBsndd
gn3 3 Ao AlinsAnluniouiia (3.65% w/w)

gns 4 fe MASALT LY (3.65% w/w)

gn3 5 Ao ATlnsiAunTzYELL (3.65% w/w)

NE 1884 Not Exanimated Lilasa1nanuazusngsinnisidouids

msUszdiugunagauYESvesHAn sy UAURIaRs 5 gns e 4 wuhifinsAsuuas
vossuuLuafiSerioun nsanizlugnsniuay vieansilifinindvayulng (@ns 1) wasgasiiiy
nswflen (gns 2) SefuuaiGevimun (Total Bacteria Count) Aifiudu gmndiiuaiud 2 uasguiu
7 log CFU/g fiusnwun ¢ fu uasilunldnedyiududuniweuwnnstuld (TNTO) melutuil 6
%ﬁwmuﬁmmwuﬁﬁﬂ‘%mmgqLﬁusuawummiﬁulﬁ ﬁy’qﬁmﬂLﬁﬁmﬂmiﬁéhasmﬁmilluLﬁauzﬂqm’iﬂmmmmm
Tumstiuse?s Spread Plate oegnslsfinudoyafibusuiduuwuaiiGedianginiidadidamiuvasade
fitmualy sideguiunasifaudtisiuresnnfvinu Turusiigrsiivaulnslasienzninfunsese
(@035 5 awsemugunnfisduuresuaiiFeiomaldinimnges TaefmmsuteuvouuniiGe
sfies 5.23 log CFU/e Tusuil 6

lunsdlveade £ coli #flnsseaunadaes Most Probable Number (MPN) ansnsaulara
MTAATIEIIN <0.03 MPN/g vnefia linsaanuiloannniinin¥ndrinnisnsiain uazmn 20.03 MPN/g
yanesnsranulusiosn wuhimsvudeulugasiilifimaiuamilng @as 1) fuituil 2 sesmafuinw
uazmsIanUsEseLlemniuaunsuTEsznaniuinw 6 Ju Tuvurignsifinnfunseiion (s 2)
Falumiou (gn5 3) waziuin (gms 4) Bussrenuluiwhevesengmsiivvionuluiuil 6 vemsiiuinm
Tuvagiimatiunszans (gns 5) liwunsvudeunes £ coli maonszoznansfnwiongmstiu
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nsnsratude S. aureus \Wuuuafidonelsaluons nuuwildunafisduressuiudelunngns
sgraideaiionariunsifuinuiiuly Taedlevimsinuium 6 fu nuingesilifnsiduayulng
(ans 1) gaansuiflen (gas 2) geadslundou (@93 3) unsgrsfiiiut (gas 4) Sdwaudedndngs
wliannsn Huldisziuamnuidensiiian (10%) Mhmsiesed luvazgasfiinsifunszsne (@as 5)
dlawfusneuiu 6 Su ms2anu S. aureus 1.89 log CFU/g Wity

dmsude B. cereus wutgnsfilifinafuapilng (g3 1) uasgnanssien (gas 2) Suuli
ﬂfmﬁm‘hu’ammé@qa Tuaufamaiusnuu 6 Su sulliansatulisesumiufensgnivhnsinsgi
Tusnigfiniafunserns (gas 5) Wikalunwssiudw ndnie asanunsuudeudedindnsi uay
agJJ'a?am‘Luﬁi’wmuﬁﬁaamaammiLﬁU%’ﬂm Tnesauiinsaanulufuil 0 fe 1.78 log CFU/g wawifindu
Wies 1.93 log CFU/g Tutudi 6

nansdeunsUuleusasnisegsonteade Salmonella spp. wuignsiilaifinsifuasulng
(@ms 1) fudiasadunssuiunisudn saenauiuinuld 6 u asanudedndn Tuvauzitgnsnseiiion
(an5 2) wazmsiislumiou (gas 3) Buananumendinsiiuinmui ¢ u egslsAmamuinnisidue
(g5 @) waznsze (gas 5) avadlinumsuuiiouvesidle Salmonella spp. AaonTzazaAUTNY

Y

A1319% 4 nsldsunUasnaunnniinuydunsdlundadurivyuausssaluseninnisinuinm

sTEzUSNEN HAAAUTINYUAUTITE
() gns 1 gns 2 gns 3 gns 4 gns 5
Total Bacteria Count (log CFU/g)
0 4.29 3.48 4.13 4.02 3.05
2 5.23 5.23 4.54 4.47 4.22
4 7.11 7.13 7.06 5.79 4.87
6 >5 >5 >5 >5 5.23
E. coli Detected (MPN/g)
0 <0.03 <0.03 <0.03 <0.03 <0.03
2 1.2 1.2 1.2 1.2 <0.03
4 4.6 2.4 2.4 2.4 <0.03
6 4.6 4.6 4.6 4.6 <0.03
S. aureus Count (log CFU/g)
0 4.83 4.63 3.00 3.00 3.39
2 5.08 4.89 4.31 4.19 1.64
4 5.09 4.95 4.64 4.40 1.82
6 >5 >5 >5 >5 1.89
B. cereus Count (log CFU/g)
0 2.00 2.05 2.1 2.00 1.78
2 2.60 2.41 3.05 2.20 1.89
4 5.46 5.11 4.61 2.29 1.90
6 >5 >5 5.82 3.34 1.93
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A1397 4 nsildeunlasnaunnnisinugdusdlundndusivyuaussalussninmsiiving (se)

szaziusne HAASuIINyUAUTeTE
() gns 1 gns 2 gns 3 gns 4 gns 5
Salmonella spp. (Detected/ Not Detected)
0 Detected ND ND ND ND
2 Detected ND ND ND ND
4 Detected Detected Detected ND ND
6 Detected Detected Detected ND ND

wanewe:  Joyadedadsannsmnass 3 4
ND (Not Detected) yianefis lsiwu 1i3e nsaalsinugduvidlutiunadiinld
gn3 1 Ao gnsauau (Negative Control) lsifinsidinayulns
ans 2 A TilldrunanvensELiioy (3.65% w/w) Ml mheudiluGemndsd
gn3 3 Ao AlinsiAdluniouiia (3.65% w/w)
an3 4 fo ATnANT LAY (3.65% w/w)
gn3 5 Ao IRNANNTEELRY (3.65% w/w)

d5UnaLaTN15aAUTIENa

MnnsAnwvavesnnAnayulnglng 1dun lumion 91 weznszane eufuusnunmuazdneny
MauSnuNanSueivyuaUsesa Wisuifieutugnsmsnanilifinisiiuayulns viegasmuay (gas 1)
wazgnsnsHaniinisidunsaifion @es 2 JaduniduiagAviildedisnirwndundundndus
odiuuszy uarlu@amdiud (Kovarovic et al, 2019) FwndnAnmitidunildundnsusidodniuusg
wiouUss (Ready to Cook) meldmsifiusnwiuuuananmafigamgil 4 °C wan1sveaes uandliiiuin
anulnsusazsininaanetenndnuuzmaiodudavomansus Feenaduiusiuesdlsznounuad
wazansoangvisnisiinmluaulng wu waluessd wiudu vienduiifuveuseve fidsnalasianigso
AW URRLYETLARSefy ndmAensirluviey (@ns 3) Uiinas 3.65 % (w/w) viseRmiy 25 ndy
Previlsndnfasidonguntssa Smuuiuerdusdu  weefinhmadvagulnselodu  o1adesnan
Tsiusasndulelulumioudiumumilunadiuanumnuiuvedaseiaioua: - Medangserhduanalusiu
yiilsinAnssidauuiy uuse unzasgUldRBedu aenndesiudy Zhang et al. (2024) I#dlsiituin
msdsndumieulugnsdndusidemadonani dwareruiAdoduia Tnoewsmmuuds uasmmunien
fnflo Tapagluusuugsnuansimariigdy Ssnavdsunvasiifinnnlasaiadefifarmuiuuey
naifeuUssauiuituressmindlusiuuasidulelundndag delisuiuasaduusdanmevosoynia
ety demalilassaaudausaanmionnniu Tunsdveseudangy Tuvuziimadunszey (s 5)
dwaliindnAusidaudangu (Stringiness) getu o1afinnuduiusiAsifostuosdusznoumaniiuay
AnuantAvesasngnuall Tnsewizansusznoufiuedndulusiuludeny ylviAclasaiadofiufussty
runalnmsiiaiusesewinelusiunasfiuedn (Protein-Polyphenol Interaction) ianast@idustae
Tumaiana videwdsulassaiadiodniliinnudangy (Shahidi and Dissanayaka, 2023) Taadieenudusiug
yadeu nanfie nssrelansiuednuavihifuneussmedeligvsiuuueiite dedudmionuaunaniy
vosuuafiSevudonlundndne  dwalinsdevanmueslsfuuarlufuiias Tassadslusiuuay
mm%jm%umaguﬂé’mu 9@U50AIANKUY (Hardness) wazAuBangy (Springiness) VoIWARI 0N
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naenszezaAUNY (Solkam et al, 2024) wandliiiuinnszmeerafifnenimlunisnsnudnvaus
FuenuBavtuvoaiioduialds MinnaudidndniauhdnytonsBadouasanuiinunsifoesiuilnn
uenanAmAMYSEuUMenmiUBsuuadluidefineUssgndldaulnets 3 sdaud delddeasuiinans
Thihuinasensdsundasm@inaemiuans (L9 wadune (%) wesandwides (0% uwansmeiu egdlsin
madunszee (@os 5) annsadnumanuailiffiaansenszernamaiuinui 6 Yu Sniwdnost
Fensdidfianduns @) adsldnaeamaiivine namaiaenndeiunsmaaeuiiunsyanelunan o
Pork Tteokgalbi wuhagluteiaiuliiienslulansn Sqvdduouyadassanindfiusanasiahuosday
ez luiinasenisusudauadng (L) Idanas ndouiiudn b* (anudes) vesdide sawudsensmeni
fgvidueendiatu szlurisvrasnisiasuulamedalelnatuluile (Lee et al, 2022) wonvnil
(Soikam et al, 2024) FondunlundeSusiinueafifurniuvenssve NNsyANgazthensmANLEe (L¥)
uarARAAuAY (%) gelumusziumaiu uenantimsiuaulnei 3 vla Sedwiofnanmlunsthovzas
nswAeuuUaswes pH wazBronamaiiusnuvesmdndaueilieenditbdfy Inefansantidulunumnsg
WNIFIUNENSuTTgRamnIINEnsan wiuuaziBonuds (Wen.1197-2536) LLa:Lﬁyaqﬂi LINTFIVAUANNYAT
LALRIMITUIANYIA (UNe%. 6000-2547) (Thai Industrial Standards Institute, 1993; National Bureau of
Agricultural Commodity and Food Standards, 2004) Falidiunmeadnlumiou 90 wagnsvedina
Rensanasvasan pH eg1eraidiaanasansifiusne 6 Ju SulurannsasyUegauYsEuasNITUIUNIg
wnueadufiaiiansndunidlundndnei (Dave and Ghaly, 2011) lnslowzgnsiidunsyane (gas 5)
Afinuamsolunisvzaenisanasues pH donadestunansTilaseviadunis Anuitaruaudy
Total Bacteria Waeﬂjs‘i”m'jw 6 log CFU/g LLazé'J’Ué'?mmﬁf%igﬁuaafqauw'%‘édahﬂ laun S. aureus wag B. cereus
Ifegnailssansnin vasioatuddhimunisuudounes Salmonella spp. maeanIsfiusne Geseann
ansilaifiayulnsnsoidunszfiouifinaiivdiusdunidedsng wazasanudenelsanely 4 fu
mmmmaﬁmaﬂalﬂmmamwuﬁuwma]mmsuaqﬂumiaaﬂqmﬂuauuiwmwma fasinaiiuea valuswn
wazthifumonszveiiligvsiuadu3s aunsadudinsaiyuesdeivilidondsuasdonelsn Wy £ col
S. aureus Wwag B. cereus (Phanthong et al,, 2013; Zainin et al,, 2013; Teethaisong et al.,, 2018)
FalUTinaseN15anN15a3NINBUYSEANNISAURATUvRILUATISE  daNaliAn pH anastininguAunu
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MVULAUNRDIANS aﬁuﬁ 3 (Thai Industrial Standards Institute, 1993; Department of Medical Sciences,
2017) nanite asrkinude Salmonella spp. wag E. coli (Uaeni1 100 MPN/g) LLﬁ%ﬂ’]iJ’]iﬂgUg?\‘iﬂ’JU@N
NSLTSEY Waw/M3e0gsenves S, aureus waw B. cereus Wil 2.00 log CFU/g mamaszesniannsiiusnuum
6 Tu Tsmonrdostunenuiounthifinuhasuszneufiuednuazihiu veussmelunssanefigrisugadn
(Soikam et al., 2024) lngiavngfunuafiounsuuInuazunsaau Juvmzauiingthnsenel Ul udiuna
madenlumsiinanudasafouazinergnafivinuuemandusivyuaugse  samdamsthluiannldly
WAnAeIdU 9 naensunsresesmaasunseesiulunguiuslnalusuan

AnRANSsuUsznIA

MAdeiiveveuamAMzuinnTTULAzmMALLlaENTNYAS  WnIneNdumAlulagsIvIAadaY  UATTIYENN
nliAueuAsIEilusuadus LarauAIeedleaUnsallun1suuiiniside AnskITevevounu
WaUAINS neeAsyT MheatuayuluzdIsnsiugilunswSeunandusivyun
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Abstract

This study aims to assess the efficiency of a biofiltration system in order to remove the hydrogen
sulfide gas in a semi-enclosed poultry farm. The system was designed and installed to maintain key
the environmental factors, which were temperature, humidity and air velocity within the optimal
ranges according to the poultry farming standards. The results over a 90-day observation period
showed that the system could achieve a hydrogen sulfide removal efficiency of as high as 94.63+0.32 %.
Regarding the wastewater quality, the treatment system using a spray mechanism in combination
with cross flow media resulted in a continuously decreasing in the wastewater quality parameters
including TSS, BOD, COD, NO," and SOf. Moreover, the dominant microbial populations in the system
were identified, that were microorganisms in the system play a crucial role in converting hydrogen
sulfide gas into sulfate, resulting in a significant reduction in malodors. These microbial activities
contributed to a continuous decline in organic pollutants in the treatment system. The findings
indicate that the treated wastewater can be safely reused within the system without causing adverse
environmental impacts. This study highlights the potential of biofiltration system as an effective

and sustainable solution for the odor and wastewater management in livestock farming.

Keywords: Hydrogen Sulfide; Chicken Farm; Biological Systems
o
Unu
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Biogas 5000 Geotech (UK) umunzaudmsunisiainaluanmzwindeuvemisy Tnevhnsindies 3 &
wazifudeyayn q 5 fu iWusseznan 90 fu Aederu milsnmsesiainazgninludmuamusyansam
nsannavlugvesinglelnsiudaluduuuiinmlnglifaunisi (3)

Uszavsnmmsannauluguinelelasiaudalid (Gesas) = (C, -C,,) / C, x 100 (3)

out

nglalasiaudalidneudrdssuutidn (ppm)
falalasaudalndoanainszuuiida (ppm)
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7. Anwnssyiaulnvesduingdunidvisualussuuintanauluguvesinglalasudalia
WU
lnilingUsrasAiiefnniunissyidulnvesgdunidnvimtnimdandulussuuirdanau

a N e

Tuguiwlelasaudaliduuudanm Tasvinsfuiegmindeantegdunisiaiudunimesszuuii
diethudesgisuiugduviiaundeisnmstuduiugdunid (Total Plate Count) Tneliisias1es
Standard Plate Count Method (APHA, AWWA and WEF, 2007; Wattanajira, 2015) lagvinn15insietng
3 & waniudeyann 9 5 fu Wuszeznm 90 fu Tgl¥esahanusnafinmeudonhiuiansnas
TRAUYEEAINE eUstumsasuawesihuugduidlutianang q vesmsliausyuy
8. nénmsviauvasszuutanauluglvesfinglelnsoudalisuuuganiw

NN3UT 1 uansseazBenszuviidandu Tneszuuiidanavlusuvesinglelnsiaudalsls
wuuTanimazdsenouluessuuiuazeesi (Uegdund) muauseuntsitnuuszuumuaulii
fedsmavhadliuazessthmuseuna  dieldmmuutulifvatsanmiveneanfuasiourimuiuly
Bestonaiiyivlanasmnguinsiinuesgdunid ndufignssuseenanmelulsidou awgnydunis
farmdonazeonidu dnidemihiduiuiBainzveniuwds Gorlifnasia asoalniiiediieiy
flufiriousung dwalisiusseznauazUTuagaunid viliadunidufasolunsdesaansfing
lalasiaudalna

uHuaLaw NMuUsufiamnsaunaylnssassin

AAIUANNTYINIUTTUY

wuu (ISO View)
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E meguuaaﬁw‘ﬂw (Right View) m
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3
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(3) szuutui svuunses uarszuuliih
JUN 1 wuussuuthdanauluguvesiinalelasaudalidwuudinim (de)

HAN1338UaTN15aAUTIENE
1. wamsAnwgunwindelutegdunid

NSRRIt AsUegRwS wuhmeudnvusteninds Il vewdumiusssiun
(TSS) ANAINABINITOBNTAIUNNTININ (BOD) ANAIUABINISE8NTRUNINAT (COD) lumse (NO,) uay
Fawln (50,2) fuwilianasedrssoideaiionaninly Taoaiialdegluris 273.33+2.36-242.33+2.05
226.67+2.36-189.33+£0.47 629.00+£1.41-521.67+2.36 143.67+1.25-125.67+£0.47 unz 2.01+0.08-1.61£0.01 ppm
mudny  wansliiiuislszdniamaesnisdesaatvasdunid  lawerduqdunideiinlioandiau
(Wongphadungkiet and Suwannawitayakorn, 2011) a'aummnuﬂummwagjﬁ 7.02+0.00-7.10+0.01
N8N Lang (2011) wuirdenandunsamsiivangansonisinangdunidoglugis 7.50-8.00 uaz
fanuiaeudunsasseglusnsgiuinfe semsvaaewandliiuituiinamsdunislmideaunsa
dovamuldoeaiiusyavsnmneldnssuunshafldyduiduuldesndiaou semmithidefiiunistis
Tuszuudangnn Sallaunmiimngauuazanunsonsuisundunlilmililaglidmansenusedundon

2. nansAneiniaiaguaiwenianslulssFeundenisinnsssuuttianaulusUvasiing

lalasudalnauuudianin

nn1sAnsnuaineinianiglulsadeudsddlandnisindesruuthsanauluguesing
lelasiaudalwduuudinm wuidassiauedenslulsdousydl 2.48+0.04 wassoIud deegluas
mmmgmﬁmmzamém%’u‘liqﬁaﬂﬁiﬂi Ao 2.23 - 2.63 WATROIUIN (Nopparatmaitri et al.,, 2013)
vauriAngumgiiiadofingaaialsogi 29.0040.00 ssmiwaioa Fagenindrfiumsgiudnies Tnealy
pamifnzaudmivlnliliasniu 27 ssmwadea esngumgiifiguivlueisdsmalidniiin
AAULASEANINAIIUTOU %qasﬁwiﬂgjmiamamnmiﬁummsLLazamiamwmiwﬁm (Phonprasit, 2008)
AMzAuLATERIINAINTeY (Heat Stress) dudunidlutiadufudanndonifinansenusioysyansam
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mMsnanvesdnitnegelited iy Tnsmmvegeddulaly anudeufiavanlulssdavenaneliinuanszny
faudnsasyivlauagnsndnlianas  udsgunimuazaiaendovedliuesidelianas  uenani
AMLASEANANNTOUEmNAdD NMIneuaWevatTrUUiiaiiludnUndnsme (Balnave and Brake, 2005;
Boonkum et al, 2014) wazAAmiundsegitfosay 69.08+0.63 dsaglunaeifvasaumuasgiu
vhiudsslrldvomnsuaded nsenmununsuazannsal (National Bureau of Agricultural Commodity and
Food Standards, 2019) mMeenuuulssdeudeddild SamsdilsiensseuigenAegiavangay lagnis
sonuuulilssFeuiiralussuazannsademenaldd  agdieliAnnsmyuisuenaiiiussansam
Feemmdeuaraeuneluazgnszuigeenuazgnunuiithes mauigvisanneuen dsualiianivinades
melulsadoulddsmansenusonsidedinmelulsadou sulluddaineliAnransenududanndon (Wone-
phadungkiet and Suwannawitayakorn, 2011)
3. wansAnyIUsEAMBA mvesstuuttanaulugUvesinglalaswudaliduuudann

MNnnsfnwUsEAinmmessruutinauluguvesinelalasaudalnsuuutnm - wuiszuy
fananausaanUsuinglalasiaudalidliegidiusednsam eglutieiosas 67.78x1.92 94.63+0.32
paoAsTEEIAINIMAaes 90 Yu (UA 2 wazmsed 1) Taewuiuszavsnmmisanielelasiaudalus
funldufutuilonauuiuinniigeisiosay 94.63+032 JszAvsnmilguesszuuthianauluguves
falelasaudalnduuuionm aunsaesungldanmsdentifaniifeidiuiiidutagadusnas Bame
¥0198un3d duaSunmaeiquivlavesgduwidiansagosaaeiglelnsaudaludliogdiusyansam
AonARBITUTIENUYBY Yao et al. (2022) fiszyiimsidninelalasaudaludfhessuy Bio-Trickling Filter
(BTF) aunsanidnniglaneiosay 98 wazeuldeves Phothiwichayanon (2011) Anwissuuingiau
luleamduiues THonsnisiva 10 Naddnsnowndl tagaudnduYesine 10 ppm WU SEUUAINITAMAR
Faldfgediedonay 99.99 wandlifiuiinmsuszandldszuutitnnduuuudinmlunnsulaly ansnsenanld
dioantlymnausuninaniglalaswudalidliesaivssansnmuanduwumadiduiinsdedanden
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4. wamsAnwinseiyRulavesswugdunidlussuuitanauluguvesinelelasaudalud
wuuFIn W

1nnsnaindiuiugdunidlussuuiidanauluslesinelelasoudaluduuudinm

(51971 2) wuTugduvsslusyuveglutig 1.07x107 - 3.67x10 CFU/ml maenszeyIaInIsnaaes

90 Hu Tnwtawzluiudl 90 wuhdnsanuvesUiinafinelalnsusalwiignindaseduiugdurEdiimun

0.000254 mg/CFU Gauanafamnumsnzanvesinnugauviditeglussuuiidanauluguvesielslasiau
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a

FAlNALUUTININ MUT18971UV04 Devinny et al. (1999) szyuhusunarauvsdivunzadlussuuiianiu

wuuTanmeglugag 107 - 10° CFU/ml aenndesiuminulunsiinunassil ansnsaaguldiszuuthdanau
Tugvesinelalasaudalnsuuutnmiianmnedeniivsnzaudenssapiulavesqaunidtautadodiny
Tunsgesaanefinlelnsaudalia

uonandiamuanuduiusseninnisaiyivlavesgiunidfuussansamlunisannay
Tnglutsusnvesnsiduszuuirinnavlusuvesinelslasiaudaliduuudinmedunididngssozusum
nthnsindsremasiydiulwuuien dwalienuaunsolunstesameinelelanaudalidaes q iy
wazilenarulussuuingnmizasin Sssunugduvddlussuusunsiiuaziisyaviamgsunisiidanay
nsrUIUMIRInaNaenadesfundnnminuresszuuitandunuuiinniienduqdunid 1Junalnvan
Tunsdesameansuafivinenma lnsawiznduluguvesfnelalasaudalnd Fanaifinduvesqduns
Iuszuuﬁwmwﬁﬁzyyiamnﬁuﬂw?{m%mwmawwﬂmzstEm (Chung et al., 2000; Chen et al., 2023;
Cesar et al., 2025)

M131991 1 Usgdvsnmnisidanduluguvesinglalasiaudaluadnm

Aafe
U finalalasiaudalna finalalasiaudalva UszanSamn1sniadn
founszuy (ppm) 28N3IN5TUU (ppm) finglalasiaudalin (Gowas)
5 9.33+0.58 3.00+0.00 67.78+1.92
10 9.33+0.58 3.00+0.00 67.78+1.92
15 9.33+0.58 3.00+0.00 67.78+1.92
20 9.33+0.58 2.67+0.58 71.48+5.70
25 9.33+0.58 2.33+0.58 75.19+4.49
30 9.00+0.00 1.67+0.58 81.48+6.42
35 9.00+0.00 1.33+0.58 85.19+6.42
40 9.00+0.00 1.33+0.58 85.19+6.42
45 9.00+0.00 1.33+0.58 85.19+6.42
50 9.00+0.00 1.33+0.58 85.19+6.42
55 9.00+0.00 1.33+0.01 85.19+6.42
60 9.00+0.00 0.83+0.01 90.74+3.21
65 9.00+0.00 0.67+0.01 92.59+3.21
70 9.00+0.00 0.67+0.01 92.59+3.21
75 9.33+0.58 0.50+0.01 94.63+0.32
80 9.33+0.58 0.50+0.01 94.63+0.32
85 9.33+0.58 0.50+0.00 94.63+0.32
90 9.33+0.58 0.50+0.01 94.63+0.32

MnMaBsuidisussuuthiinnaulssaning q wuhssuuthdandusuudnmidduudniunu
mdsunan iudinsdedunadouuaslindanumumangdmiunauifiosdussnouresansdunid lnesios
PuAAANLTuLargmgletsmnyay  eliaunisvhauldifuussansamlunwssiudiussuy
thianduuuuiedifivssavsnmgausifduuuasanudeminansialigs  dussuuiidandunuuiuiuie
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Tuasmnuatidodiasumutuazesnistinu  dafuszuuidanausuuinmdamneauesnads
dwsurhdlily Tnelenudualuszezen sonadeatuithmanemeianniisedu (SDGs) Wmneil 6 uay
Hvmned 12 Tuifdudaneden venandszuutiianduuuuiinimdsesinvanminadounisly
Tsadeuldesnamneay Sududadvddaiivaelinistdanauiiafosnmuazuszansain

M990 2 Useansamnisindnnauluguvesinglalasaudalnduasusuiaqdunsdlussuuindanay
lusUvasinwlalasaudalnauuudinm

% UszAnSnmnisindanay Usunauqaunid
luguvasfinwlalasudala (Fosaz) (CFU/ml)
- 1.07x10’
67.78+1.92 1.17x10’
10 67.78+1.92 1.30x10’
15 67.78+1.92 1.40x10’
20 71.48+5.70 1.53x10’
25 75.19+4.49 1.67x10’
30 81.48+6.42 1.67x10’
35 85.19+6.42 1.67x10’
40 85.19+6.42 1.87x10’
a5 85.19+6.42 1.93x10’
50 85.19+6.42 2.13x10’
55 85.19+6.42 2.43x10’
60 90.74+3.21 3.13x10’
65 92.59+3.21 3.63x10’
70 92.59+3.21 3.63x10’
75 94.63+0.32 3.67x10’
80 94.63+0.32 3.67x10’
85 94.63+0.32 3.67x10’
90 94.63+0.32 3.67x10’

dguna

mnmsfnwgunmemanglulsdoudedlilindinisndessuuthoanauluguvesfnelalnsaudalid
wuvFinwnui Agangll Aedu uaranuimelulsidouiieimnzanliidsansenusienaied
melulssdou  uavoglunamifvmnyaumunasguiiudeddivenanaind  nssvmanuasuazavnsol
duhidefiinanmsaanilussuvasiiie wuiien TSS BOD COD NO, waz SO/ fluuiluanas
ot 9sioldasnannszeziainsAnwinsiiussuuiidanaulusuvesiglalasaudaliduuudinw
wansliifiufsussdnsnmvesnistesaasansdunidlngoideqauniduialioondiau lasianizedsda
Tuszuuthanaulugvesinalalasaudaliduuuiinmilisnarsiifeduiadainzdunidsamiu
nsaanutidsuuunyudsududedeninfinfiuiinaslunsiujasewaseaslinszuiunisdesaans
ansBuy3s fusyAvsnmbeiu
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MnmsinyUsEavsnmeesszuuthianaulugvesinelalnsaudaliiduundinm  wuhiiussavisnm
ofluthsieray 67.78+1.92-94.630.32 maemszevnal 90 Fu uanwdeuszAvisnwmsihinnauioglusyiugs
uardiuTinagauvideglurag 1.07x10" - 3.67x10° CFU/ml Zaeglusziuiimnzansensyuiumsthinnau
Geanunsnesuiglfmnmsdentdtaniifeiitiiuitndutagadushnadameveniudd dudtunaaiydule
YosgRuvEsTannsndosamefelalnsaudalndlfesnsiussanBnm  uandidiunnmsussgndliszuuirtinndu
wuuThnmlurndulall  anansehuldifieantymndusunmuainfinglelasaudalidldesaivssansam
wazidumsidulinssodandon
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Abstract

The fermentation of fish includes whole fish, pieces, and strips, particularly Som-fug, which is commonly
used in various traditional dishes. However, preparing fermented fish for consumption can be
time-consuming. To align with modern consumer lifestyles, this study aims to develop a ready-to-eat
fermented fish product called "Loun-Pla-Som-fug" in retort pouches. The study first explored basic
simmering recipes, identifying the third recipe as the most preferred among sensory panelists.
The product was then sterilized using a retort process at 116 °C for 25, 30, and 35 minutes. Results
showed that longer sterilization times led to significantly darker color values, with increases in red (a%)
and yellow (b*) components (p<0.05). However, pH levels remained unaffected (p>0.05),
and no microbial growth was detected across all time intervals during storage. Products sterilized
at 116 °C for 25 minutes retained similar sensory characteristics as the pre-sterilized version and
were deemed suitable for production. This ready-to-eat product adds value to traditional fermented
fish and meets consumer demand for convenience.

Keywords: Som-Fug; Ready-to-Eat; Retort Pouch

UNUI

' v
aa v !

gsuiinainuan unsausueimsifinausess Lﬁaﬁﬂmﬁﬂmumﬂ%’uﬂizmﬂmmﬁaﬁ’lmLLUigU
Tsnavsinuieliivimuliuilaaldundy  Jardubuomnsvinedanidaiduiifan (Phitakpol, 1993)
fvaneuszian 1dud 1) Uanduda udandufivhainuanisialaesviesntnldeanuds 2) vanduiu
Fulanduivihanidevandu uduiunmnmesdiilm 3) vadudu dularduivhannidevard
Frududy war @) Janduitn viewnmlan ulanduivhanileuanduituniedu (Pornchaloempong
and Rattanapannone, 2017) éﬁM%fwaﬁuﬁfﬂ,‘uﬂwsﬁmwﬁmmmmﬁwmﬁaL?Jummiﬁﬁiamaﬁwmﬂmma
Suusemudis Wy awlanduiln Fadusduemsiidufifey (Royal Thai Government Gazette, 2003)
Tanumngliin “nau” fo ewnsivszneudengii vven wyvSeradu RemAudlduamie
Wideaus Wudu egnslnegnanils Bondesuniu Upssaliiuien Wuvnu wu Yandwau whideamoen
whifivau Uaniawau Suusemufuinga i Uluchada (2005) Téuensanad “viaw” Wuiuimitudies
voslvefitiungd eglunsznadminelandanszdosiuiuin visildvawmen mymeavadumn
vaudumsdungfituderen Wy Jan$r ¥hiden Yanien vad Vandu wius videlidn wiildsavonu
saSenasld Usssasien3n ldvimen luuenin (The Central Library of Silpakorn University, 2021)
dhenaulidngAvdmnlsznounangde fnssuisnisviiigenn wdehe fegmafudu uewnsiugs
Sudssmumeluioonns feduommsamiingfidudulsznoy Feumsimuilieuduemnsivgdisogy
wionfuusenudadunnfsiinale

froanmefifisrnssiuuniy anmdeuiiimauedu nsduiuiinesnasdu mavhao
usiunauazliuiunaUAsuwaweanealulad  vhliaTinvesruludeuiioavdsuudady Tnslawy
Tushunginssuvesiuslaaiidosnisanuazmnsiaidlumsinioumasnsiuussnuens  dawalienng
dSagunfonilon (Ready to Eat) lésurmlisnsnntu (National Food Institute, 2020) daumilaann
msmuvosmaluladnisudn ildermsugsdrsefiegludnvasnionsusemu wieomnsdisagy
wtuds - utbu Sneiannsaruondedidlndfestuosiiusandustiann amnsemiulssmuldhe
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e minefuegnunvaeinTumuThsasmaud Suasente hlimoulindiuslaelutegtiulfidueendd
madenniladmivemsdfaguitegludnvaznionsuuseniuinedmingluaniizundflidesiingg
widu - uruds Aenslinszununissndodeaudeu (Thermal Processing) Tunwurussylinaiinannsa
Snwmdndusiownsld Gddfuanudendie Sulssnmuldagan 98 weeiinrudasadelunisuilag
(Abhishek et al, 2014) fmsussglunzusiuunszlos 1ALt uasussaisivodmmd Jaduussqsiue
¥ilngous (Flexible Packaging) vhainfldumanewdaundouuszaru (Laminate) ﬁamw'ﬁmuﬁiaqmmﬁ
“Lumswdigﬂéh&Jm’m%fauuazﬁ’lm‘l‘t’fﬁ]umsgﬁmﬁmﬁamsezhL%@Lﬁtimamﬁumzﬂaﬂam (Rangsadthong, 2014;
Pornchaloempong and Rattanapannone, 2017) ﬁ?ﬂﬂmamﬁa‘naﬁﬁﬂﬁﬁmﬁu USRI UaTNOTNID
fimnuusiaishrauiuifodeusinasnnrinssledans Saefashamsunsniuenadoudilusienns
(Teixeira et al., 1969) szozavaInszUILNsIITaaliAnanndasmdonisnisdldnandund
nszlodlane YrwanAldanedunasn wassnwauninvewandusiamisliauinniinssleslans
(Bindu et al, 2011) ﬁswmumﬁ%’aLﬁmf”w’um'ﬁwﬁmmmsﬁwL’%ﬁ]gﬂw%mﬁiﬂﬂhmsﬁgﬁm%‘ Tondanniu
017l gnanasouluiiniaan (Kamsakul et al, 2024) ilosu (Khwanchai et al, 2023) wnadutinsly
(Yotmanee and Ploykhaw, 2022) ﬁ?ﬂLﬁU?Lﬁuﬁuﬁﬁﬂg (Kangkawisut and Khunputtirapee, 2021)
1§nldu73 (Deeprasert and Vatthanakul, 2023) 91vieluty (Parnsakhorn et al, 2020) fdlumoaunya
(Dasan et al., 2021) Wumu
ATeiAdlduunAslumstaunEnfasiemsnuanduiindunauuanduiinduomsditagy
wionuslnaussglugsimesnmnd Tnefidedslifnugnsasguvemauanduiln thgnsiildunadmdu
vautanduilnusslugsinesmmduuulnaininunssuiumsshideseedosnesn Tasfnwnszesnan
Amnzauilelvinansusivaudarduiinvasadelunisuilaauasdildunissensuanguslag

A5 UUN15IY

1. nsfnwgasiugruvauuanduiln
11 mawSeudiunan Iiun vanduitnlnefininniondsld vaidevaiBan (aneanminas)
TagiBontiimiin 1,000 n¥u wanidlovarduindedu 20 nfu 413gn 100 nfu nswiiguua 100 N3u
thmans1s 20 n3u wnduRaRaIUWsd AR vssdunaldgmaaRinuuin 8 X 12 1 tuiln
Uss9Reay 250 n3u winligumgiiviessseznan 2 Ju lduanduiindmiuliuingAuvau wagdunaudu 1
Famnseii 1

M990 1 gasiugruvaulanduiin

UINUNINAY (N5U)

GRPIAGE g . g
gash 1 gnsh 2 gnsn 3

Uanduitnthugudn 110 110 110
ngh (B1nN1L) 240 220 220
NOULAYDY 60 70 30
WinFlumasty - 30 30
WInMeINIiy 20 - 20
W%ﬂ%mmu@m - - 30
nzlndiy - - 18
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A13190 1 gasiugiuvaulanduiln (se)

, UINUNINAY (N5U)
RRAGEN 4 = o
gnsi 1 gnsi 2 gnsi 3

U1m1avy 50 30 30
PuguTen 52.5 30 30
BGR 15 - 1.5
W1dan (Insa) - 30 -
lunengadn 2 @n - - 2

nnewa:  aawdasnngnsiimsnnau (Maeban, 2015)

12 tuseumsiwiaudanduiln Iewsounsilunie sovunsiifion lauarduiinuasnglad
fwdeuliadlufuum 1 wifl Upsadethmatiy dhuzemuden uanindevdothvan Tawinuean wintih
wintwy Taveuunses Tunengndn fuifton 5 unf snasarninn (Maeban, 2015)

13 naasadenesigunm daulanduiiniléis 3 gnsluussdiunanin T

1) NM3n5I9IAfd Spectrophotometer AtTa I Ad L* (Faduainedien 0 8 100
Ty 100 yneds agifinrwaing dum 0 mnefs ngiifianuiindd) fd a* (+ mneds Tagfistdung
- vanefls Yanfiddden) wasand b* (+ wanefs Tagiiddmdes - vaneds Tgfitadhw

2) msnsaniaAimnudunia - a1 (pH) Tesdwdndusiunualravidealdluinines
WEFeansmastndusnsdiy (1 - 5) (Vijayakumar and Adedeji, 2017) wtemanse - s Tnglidosin
AINNTA - A9 (pH Meter) B%a Mettler Toledo U Five Easy

3) mylnseinuamssradnda dndndusivauarduiingnsiugiu 3 gns
WhMsageun UL IR einanaiRlaeNUN IR UUENELYsalluuden (Randomized
Complete Block Design, RCBD) LLaummammsﬁlﬂﬂsuLmuﬂzum‘wmmymwamNaiuﬂﬂuaﬂwmuﬂiﬂﬂg d
nAu savd dnwadleduda wararumeulaen TneTBmsliezuuuauveu 9 sedu (9-Point Hedonic
Scale Test) 621@11/1;31/1maammmlumumiwﬂwummummm 30 AU UAIINANTIATIEIMANUWUTUTIU
(Analysis of Variance-ANOVA) wagiinsizimanuuaninsvesaadeseds Duncan’s New Multiple
Range Test-DMRT \flefnidongnsiiimadeudalinzuuuuinitgn dvsuiluAnudunousely

2. msAnwszeznafiviunzanvasmssidavauanduiln

ussyvauUanduilnlugvosmmd wuu Hot Fill (Ussgumedougumail 75 °C) Fabwiinuss
ez 150 n¥u Fatnatnsneiniestantn Tnsldennmeen Goddnzunss Wiededvosn (AMMBEST-WS65
U3tadAn fln $1ife) sidefignmgll 116 °C Fuduseiugnmgdiilévh nsAnwAmnisnszateawiou (TD)
melundiesh@oliudlasuismiidouazdmmieeies uandusziugamgdilinisnszsnenuioufivme
Tugnedmnd (Yu et al, 2023) Insusiavsourmuaszezaneni@e (Processing Time) WWuan 25 30 uaz
35 it duiegnalunsranmnvnamenw uaztiwandue vauarduiinluvaiigumnd 37 waz 55 °C
Hunan 2 & ileUsyifiuannmn1edunds (André et al,, 2021)

3. malnneigun s mduiavaansiurirauladuiiniouuasndsnasinge
thidnffsmaulanduiingnsidnaendeilunm 25 1l uegesiugureunissnde svhnis
nageunnUszamduia iasizinanieadAlagdnarunisuaassuudnanysalluvden (Randomized
Complete Block Design, RCBD) wazimdnsdnailuusziiuamuninmelssanduda Tusudnvugdsing &
nAu savR dnunsidoduda uazarumeulneslngisnslfasuuumueu 9 sedu (9-Point Hedonic
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Scale Test) @lvignaseuduilisnumsiniuuuimun 30 AU winthie ST wRUSEuTsuALuANG e
seriavauUanduiin 2 faeee (T-Test)

NAN1SNAABIRAZNITaAUS1BNA

1. wan1sAnwIgasiuguvauUanduiln
KansAny g usauaduiinfiduUasmngnstninvauamsineiesiu (Maeban, 2015)
thvauUandudinlsimsesinanm 1Wun Snwaizusing fguil 1 wassansinsiginamen fwnsei 2
wagliEmadouiugnsiugu 3 gm ”lnmuLLuumm%aﬂumuUiumwama MENIVARBUANINTBY 9 26U
thazuueneimgnsiuguiiafiae s 2

(n) gasi 1
JUN 1 dnvgvewaulanduiinansiiugiu

= A ' a o ¢ v &
AN 2 AELLAT AN pH Namﬂm%ﬁaUanﬁuﬁﬂqmiwu;ﬁﬂu

NANITIATIZH qmﬁ 1 Qmﬁ 2 qmﬁ 3
g L 71.52+3.97 70.3543.45 70.26+3.88

a*™ 9.30+4.95 9.61+4.75 9.57+4.97

p*" 24.8346.10 25.68+6.15 25.85+6.35
AL duns - Ang (pH)™ 4.2840.40 4.66+0.26 4.0240.12

winewe: " vailuuuueuilifianuuansiisfueehasidudfamadi (p>0.05)

nsvhmauUanduiiniis 3 ges fnstiingRuussiaTesussiiunndnetu gnsil 1 Tdwdseney
LfJuw%ﬂMﬂu%mﬂﬁuauﬁﬁ@méau ansfl 2 Svdnathuasdeiliiudung wignsil 3 Seunaiodnditung
wWinvididesou Winivydden alad warlunengadn mmﬂmaﬂwmvﬂmﬂgmaauwmﬂmmamﬂmw
ams‘m 1 uag 2 uaﬂmﬂumammmaﬂwmvﬁuawauﬂmamﬂﬂ (Uit 1) wudngesil 1 fdnwasduniaunnnd
ansil 2 uaz 3 Megnsil 1 TeunauvesnsAivina 200 N3 uignsil 2 way 3 Teuwanvesnsii 220 n3u
iy Sevhlidsnuauzanuduiasniadosningnsd 1 definsanngAviidudiunauvasia 3 gas wud
vauUaduilngmsii 3 FingAuivannanemniigeisiliiduasdnuarusngiiauda ogralsfanm
nan15TnAnd wasdn pH vewaulanduiiniia 3 gasliunnsnaiu (p>0.05) melun1siaadlauendiu
yomdniifididuardunisenlunnognaiiliviinisia (i 2)
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M19199 3 wansUsTiuAuA N eUsEandudaluaueing 9 veawdndusivauuanduiingnseig q

AU gasi 1 gasil 2 gasil 3
dnwagivsng™ 7.37+1.00 7.23+1.10 7.47+1.10
g 7.00+1.29 7.00+1.36 7.47+1.22
naw"™ 6.87+1.57 7.00+1.46 7.40+1.52
\oduita 7.37+1.21 6.97+1.16 7.23+1.61
AR 7.07+1.17%° 6.40+1.59° 7.20+1.61°
AUBRULALTIY 6.97+0.90°° 6.60+1.22° 7.27+1.23°

a v o

newma: - mdnusimiulukwineuiianuuansaiuegdidudAyn1eada (p<0.05)

o o

" gmavluninusulddauuanaisiuegsltodAgneada (p>0.05)

mamﬁLﬂ'31xﬁ@mmwwNUizmwﬁuﬁaﬁuaazﬂmiﬁugwmﬁmﬁmv‘mauﬂmﬁuﬂﬂ 3 @ns (»15197 3)
WAz ULUAUTRUMUSNYEUIINg & nau Weduda liflmnuunnsnsiueeadidedfynieatia (0>0.05)
winusamALazANveulaeTil daduuandieiusgraildedidgnieadsa (p<0.05) ngmageudul
AZLULLNNAGA Ao gashl 3 Falsedumziuuaureusgtoulunay nszdsauffivies Win wiu
o W a a a A a S Pt | = o 8§ va a a
daned seswman Ao ansi 1 Wesnniimsldiimatuuinniidn 2 gas Jwhlilisasivanuunnifuly
a9 ~ a ¥ = o 8§ va ad & a oA ~ ) |
dnvisgnsh 2 dimsldilandeihlifisandnauunniuly 3udenansi 3 siawsiely

2. NAN1SANENSEELANNNTENYBINTseYarauUadunin

rdndurvaulanduiingnsiugiugasn 3 AdadenNEneaeLTliazuLLANIYEUNINTIEN
(WA 1) WANEIsTeEnanlunNIsUIWaLas UL aNaI91NNILNNSeW e lneuNan S usiiaulanduiin
MUITAIRBENOTMNIFAHIUNTLUIUNTUWTD 3 F9588zaT washdaliniunssuIunsegauIuy
Migaumall 37 uag 55 °C Wunan 2 dUami fdagui 2 uazansnei 4

(n) nousinie () 25 w (P) 30 W (1) 35 w1l
JUT 2 vaulanduilnieuuazndsiunisaderionmgl 116 °C Wuszeziian 25 30 uaz 35 Uil

A13197 4 punnvemauUaduiinieunagndsiuntseneTioamal 116 °C Wuszeziian 25 30 way 35 w1l

NAINIUNTZUIUNITUYD

A3ATIZI AeuNsainide . B .

25 U 30 UM 35 U
a L 68.86+0.26 64.05+0.16° 59.67+0.15° 58.09+0.69"
a* 4.55+0.16° 7.46+0.33° 7.75+0.10® 7.95+0.16°
b* 21.93+0.19° 23.50+0.12° 24.43+0.67% 25.41+0.10°
ATNLOY (pH) 4.02+0.12° 4.37+0.52° 4.40+0.23° 4.42+0.40°

o

newme: - mdnwsimiulukwineulianuusnsaiuegedidudAyn1eada (p<0.05)
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N3 2 wanSasvauaduiindoumsindedvanneuasdiunandy ° udidlethan o
vauUanduiinenifodae Water Spray Retort gamgii 116 °C \unan 25 30 wag 35 Wit dunawuiy
Hangd oUa uasnin fAMdLTwNNnIEARSeiRslunsEde Weswndnislienuteugs
Tunssidle Sevilifvemaniamunnsdluansegnefigilsiiunssuiunisindio (Sutheerawathananond
and Rodtong, 2008) NN 4 HANTAAT RN NUDINER el dLTInfoukaEnAsuN ST LIS
shidefeveim wuhidelsvernalunssh@oiiuiu advesihetns M L* arwaiisanas uaze a*
uay b* fuwlinfaiu desndveutbuaussinghiudu q wamsareuedne (L) anawuansdiinsdon
Adutu AdfstueaisngungiuarardeulunissnideduamliAnufsowantsa (Maillard
Reaction) Wisfurenisiindinna (Browning Reaction) waduiiiosaninislinansnderiumay Suilid
vowAnfsmauladuiindutunidy (Nursten, 2005) Gudenndoatfusmilderes Yotmanee and Ploykhaw
(2022) lp@Enwmavesnsmaeslsdnonunnuaznsineignisinusneveswnsdudndldnauuilaanui
QmmqﬁLLazL’Jmﬁmumimawaﬂisﬁ?}qLﬁwﬁuﬁﬂﬁﬁﬂummamﬁm%wﬁammaﬂu lagAn L* anas A1 a* Lay
b* %Lﬁwﬁu WaZIUIFBYBY Kangkawisut and Khunputtirapee (2021) fidnunszuIunIsKAR LR
Guduidayndonuslaaluussafasiimosning wuidssesnm fmngalunisshdeiigungd 105 °C
fio szazinan 25 - 30 Wil leeszernmnssdeiuutuiinadenmnimdudung (a) dagedu esn
aFeurilidvemanfsiudeundas

waudanduiinfinunszurunisehdesonaniseiu Saraudunse - ens ldseiy (p>0.05)
uithagnsfisunssnidesimanudunsn - s (pH) gjqﬂjmauﬂmﬁmﬂﬂﬁé’ﬂajmumiezhLﬁ?‘?aﬁwmm%auga
(p<0.05)  WansANWIAUNMENURAUVISveNARS e auUanduiln  asaslinuqduvidfiannsniniyle
Tussriamaiusnelundadusivinunsderiszesnm 25 30 uay 35 Wil wegnsBsuulases
M pH sewiumslianufeudiauvmiAnanmsivasuudanissy videnswasuulasiustlalasiau viio
Tepsegiiatunmelulaleliusaasiusiu (Myofibrillar Protein) Tnepnufeuriliiusylalasiauin
muanindsualiuszquangnuanUdesoanumannturtilsian pH gatu (Hamm, 1996)
MINT 5 AunsgauvEguemansvauladuiinfiunssuiunissnideiigungd 116 °C iuna

25 30 ag 35 Wil

" 25 w1l 30 Wi 35 Wl
YAUNIYNINUN
) 37 °C 55 °C 37 °C 55 °C 37 °C 55 °C
TVC (Mesophilic) ND ND ND ND ND ND
TVC (Thermophile) ND ND ND ND ND ND

winewn: ND  vunedia Not Detect

TVC  vneiia  Total Viable Count (Usanauqiun3dvianun)

Han1IndeUaWYRElundnfueauUaduiiniiiunnsan@edunal 25 30 waz 35 Wil 91wy
wiegluvnigamgl 37 uwag 55 °Cilunan 2 §Uami nuiesiakinugdunidludiegiaianunsansgla

Tusgwinsmsfiudnvvaie Mesophilic uaz Thermophile (915197 5) nsUdeEge iR unseid e
qmmﬁﬁ” LﬁaLLamfimﬁﬁzhL%aﬁqmmﬁ 116 °C Yrevi1angadun3duavinonagnisiinduvoindndoue
pwnsdisagulunvusussalaainld nsmsvaevaninUasaidonisnisdn Tnsnisundosandntasi
frunsruaumssindendaluviinisua (incubate) figamgd 37 °C ua 55 °C Hugamgiiimngaudmiy
saunaduidnlinuninudey (Mesophilic Bacteria) #991950A91N1381E0 MNNsEUIUNS Iauysal
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dau 55°C ldmunszdunsiaiyesadunidnuieu (Thermophilic Bacteria) Faoraiduviindinusie
NSYUIUNTINGSN WU Bacillus stearothermophilus Tngunfszuuuna 7 - 14 Ju winldiinsaSyves
BuNEE wanviwansustegluanmuasailionianisdn (Commercially Sterile) (Landry et al,, 2001)
Tumsfnuinandiiuimauanduiinlussaiusine fmndiiunssuaunissndefissmeiogyinli
wAnSuTldTUNsEdenanisd Hulunuusenaresnsenssansnsugudidvualomslunisuzuss
Ynainuailruidunse - fa saud 4.6 aan U‘%mmajﬁuﬁéﬁy’wmlmﬁu 1,000 lalatimansy FUN33NEe
Fhenusouiigungiiuaznaifiiiun (Ministry of Public Health, 2013) 11na51e 4 lawuidoqduvias
fansawdudivlaldlusetheiiunsshdedunm 25 wit Sululaliimansurrauladuiinlasadt
fuguslag Ssthadnsusifiniunissnidedenan 25 wifl lUAnwiUSeuiisunmun il szamdua
3. qmmwwmlszafmﬁuﬁamaewaﬂﬁmsﬁwauﬂmﬁuﬁnﬁaumwé’qw"mnszmun']s@hl,%a
an1sAnsIANNTINsUsEanduiavamaulanduilntouuazudsiunsyuiunisendede
gaumgdl 116 °C 5zBEaT 25 W17 Fin3a7l 6

M13199 6 Han1sUsTluAuANUsSEamdLRETuAe 9 YewmdEndurivaulanduiinieunasnasHu
nsaengamall 116 °C seueiia 25 Ui

AENEAY rousinie Kaunssige 25 undl
dnwauziiuang 7.77+0.94° 8.00+0.91°
a 7.97+0.85° 8.20+0.85"
naw™ 8.2040.71 8.17+0.83
dedutar 7.97+0.76 7.90+1.02
AR 8.20+0.61 8.30+0.75
ANNTOUlAETIL™ 7.87+0.86 8.13+1.04

N v o

naewg:  Mmdnwsinmiuluwwiueuiinnuunnesiuegedlituddynieaia (p<0.05)
HlvdrAgn1seda (p>0.05)

o

" frfuluswiueulidnuwans1esiueen

M 6 uanInzLULANNYEUS U SA AN Ave AR usivauUarduiln wuindnaaeudy
Tifasuuumuweunandasiviunsruaumasndeiduna 25 i lududnvusdnnguesdudgeni
fhehamauiliiunszuiunsanide (p<0.05) Taednunau deduia sand wazauveulnesallinansaty
oafitdeddyneadi (0>0.05) uansigmaaeuTuddinmsseusundntusivaudaduilanienuslnaiiiiu
nsvUILNssnideseauougsfigamgl 116 °C fedusdugangiiflinianszneaudouiifiveme
Tudvesnnditisanns 1in Overcooking Usnasveuuegals (Yu et al, 2023)

GEYL

gnsiiugrunanfasivauladuiin AdnuUasmngasiminvauasinedoaiu gnsii 3 (Duineaoudalif
ASLULALYOUGITIAR Nﬁmﬁmsﬁmauﬂmﬁuﬁm'7imuﬂizmums@hl,%aﬁqmmﬁ 116 °C lunaan 25 30 way
35 Wil Tnaremdesmdnsitmstunslinalunsshdouiu Thedenndnuneiuivesaniusiduiu
Ammaie L* tosas Andun a* wasAndndos b* indu udsseznainsenidedisiulifinade
Arnudunsn - fa (p>0.05) nsraldnugdunidianmnsnniyldluszwinsafvinulundnioe
vauUaduilniiunssindesessezinan 25 30 uag 35 Wi lasnansAnuamIMIsUsEA ATV
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wanfsmauaduiinfihunseuiumsshdeliunnsstusdn sasirauuanduitnfigslikunszuasunssnide
TneldsupzuuunumeududnuasUsing @ ndu sa eduda arumeulnesay liusndnaiy (p>0.05)
faillunsndnsydugaannnssy msfnwiguAmslauInskasAnmmaunsnruaudouluu sy sl
(Heat Penetration, Fo) ileUszifiuanznsnanivanzasuazasafodmiuguilna
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nsgaduiiuisnisiidaindedvud euddouangpamnssudmed ildinouasivssansam
sitedifngussasdiiofnwanuanuisolunisgaduidoniuandivug 19 lngldauilmdouain
Wasnnadlsuduiangadu msfnwiqaandiniamenimvesauiinionld anneimuzause
n1sgadu naAnssunsgadurtulelemenuazsaumansnisgaduluszuuiuad Han1INAaRINUIEY
fspuldffuifasimne 1274 maaunssoniu wasrwiavesgnguade 2111 uluans Sadutanid
INTUVWIANATY é’ﬂwmzé’mgmﬁﬁ”us‘hﬁuqﬁuixﬁﬁz{amﬁqLLasgwqu 51909AUTENOUNENAD AITUDU LAY
pondlaunansAnwangimnzaulunsgaduddoniueniinug 19 wuitannzivmizau fe Uuia
611 0.30 N$u LIatunsgadu 180 Wil warAAITuNIA-wd (pH) vesddoulidmangadituddnyse
nsadu Hamsinwlelumeunisgaduasaanesiulelumeunisgaduivuiauiiesinnnileleneuuuy
wigue daduntsgadunuutuies weeddnvausndudods: fanisgadugean (q.) Wity 37764
Tadnsunonsd Nan15ANYIAUAIANT N5 AT UADAAR BIA ULUUTIADIANNITUL A T 81
Susvanaiondedividiuinnmagaduiiindudunisgadumandt anmanisinuddldfuisinenmye
dwfindnainiudensadilsslunisiulddutangadudmividnddeniueniiug 19 ludiaain
onamnssulendon deaniyvuaivnmedanadeunarduaiunsldusloviantagmisldluriesiu
otaflnaAuaySidu
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Abstract

Adsorption is a simple and effective method for treating wastewater contaminated with dyes from
the textile industry. This study aimed to investigate the adsorption capacity of Reactive Blue 19 dye
using charcoal prepared from Sterculia foetida fruit rind as the adsorbent. The physical properties of
the prepared charcoal, the optimal conditions for adsorption, and the adsorption behavior based on
isotherm and kinetic studies were examined under batch conditions. The results showed that the charcoal
had a specific surface area of 12.74 m?/¢ and an average pore diameter of 2.111 nm, classifying it as
mesoporous. Its morphology exhibited a rough surface with voids and pores, and the principal elemental
components were carbon and oxygen. The optimal conditions for Reactive Blue 19 adsorption were
an adsorbent dose of 0.30 g and an adsorption time of 180 min, while the pH of the dye solution
did not significantly affect the adsorption. The adsorption isotherm data fitted the Langmuir isotherm
better than the Freundlich isotherm, indicating monolayer, homogeneous adsorption, with a maximum
adsorption capacity (g.,) of 3.7764 mg/g. The adsorption kinetics followed the pseudo-second-order
model, suggesting that the process was governed by chemisorption. These findings demonstrate the
potential of charcoal derived from Sterculia foetida fruit rind as an adsorbent for removing Reactive
Blue 19 from dyeing wastewater, thereby helping to reduce environmental pollution and promoting

the valuable and sustainable utilization of locally available agricultural residues.

Keywords:  Adsorption; Reactive Blue 19 Dye; Charcoal; Sterculia foetida
o
UNUI

ddfouihdnaniiiuasusznoudunigildtuegraunsnarslugnaimnssudme Tagauisadiuun
Tadunaneusyian wWu ddeuuely (Azo Dyes) @dpusuaniinl (Reactive Dyes) @daulalsne (Direct
Dyes) warddououlassiln (Anionic Dyes) ﬁLLﬁazUizLﬂmﬁImaa%ﬂqmﬂLﬂﬁLLaz@mamﬁ’aLawwﬁmmzau
Aurinvendulern (Benkhaya et al, 2020) AdesSuoniin wu dédorsusnativiug 19 \udfdeuegrawnnly
gaamnTsud anedne 1l esanddeusuoaivaiuisaadieiusylaniiaud fudule vildled
7 aanunanIstnuazuas ($migiel-Kaminska et al, 2020) sg13lsAmunudymiainarunmuse
nstoraaten1siinin Jufamunistud enluthfsangeaivnssy dedsmaronisany3uaeendia
Tt vliAnnansenuded i tdslussuuiineinga (Gholizade et al,, 2023) 3nwsdainsAnwinuin
ddousuoniivug 19 deliiAnnisnatewuiuasfiv Aoaduniduasdniu (Saratale et al, 2011)
ddeusueniiviug 19 dansluana CuHigNNa011Ss 13aluiana 626.53 gmol ™ ﬁimaa%ﬁaﬁqgﬂﬁ 1
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UM 1 lassasddessueniivlug 19

nszvaunsiaddeuainiiidlulssnugnainnssuaansnilédvanss wu nisldnssuaunis
pondndutuga (Advanced Oxidation Processes-AOPs) Fssaufisnisldlelsusaniuisdsansillown
(V) flanunsaananuituduvesddonldognsiivszansam Snisuisdensldnszuaunisiviudu (Fenton
Process) ddltlalasiauasoonludsiuiulessumanlunmsaiueyyalansendaiiaunsadosaaeddonls
(Abrile et al,, 2020) uazdsflasuauionianisie nsaAgy desnnifunszuiunsiivsendauasduiing
fiod wIndon JangatunnsssunAvaeriafianansageduddensuendivle daegratu nnw wazwdn
w3 (Yadav et al,, 2024; Reddy et al,, 2024) Fsd3lna (Rahmoun et al., 2025) wazdadlseauimadn
Viuiiu anansagaduddessuendinug 19 16@ (Dehvari et al., 2016)

nsld¥angatuannsssund videveademansinumsuenlimnuieugineldannyifoendiay

'
=

dfanselufiieeazld 61w (Charcoal) w3ai3andn arudann (Biochar) Wudanifinu Faldainnis
A1sualwgduvesiandiuia (Lehmann and Joseph, 2015) nsdgnsugeinlauanuisagadulandu
Meg19vaenuAINTIIaldgaduddensueniinlad wu d1uainninniun (Hyeon et al., 2025) 81U9N

Fag1lnm (Adejumo et al., 2020) sruanndenwdauuaniaiile (Femandes et al.,, 2025) anuwdenanle

(Hoa et al., 2025) uazauankilid (Ahmad and Hameed, 2010) WWudu n1sldiangaduainsssuwfmanil

v [
o

Lilteausivisandunulunsiidaindorintu widsdaasunslinineinsluviesiularanyimnaveuds
INMTNYATINAEY

d1ls4 (Sterculia foetida) Lﬂulﬂﬁué’uﬁwﬂuqﬁmﬂL@L%ami’uaamamlﬁ Tngianzludulfe
wadenn sulaii@e uazunsituiivosszmalne (Yennam et al,, 2024) wWaon wa wazludaveadudnlss
anusadnldusslevdldnainvans 1wy wdadutui ainisadldldlug nanunssa
a4y 1oAY uaren (Sridharan et al,, 2024) Waenwadilsailouddnauuiszudaniouls Wdenuuus
W1 wansindivesorniaunsneg neluduauinn sddelaulafissidonuad lsdadutaqmiel i
oglurosd uuviliidud i ot ugwguliuindu 1 dutangaduddenueniinug 19 9uided
finquszasdiilofnuauantinenonmuosianiiefedld nsAnwanzfianzaudenisgadudion
3ueniiriug 19 lelemouminedu wazaaumaninsgady FwansAnvadsdandulslonidenativ
hidsnlssnurlenden anuansenuriedawindon uazfiuyaa-liiutanmieldlummy

3501501 HUN15IY

1. mawsendagaadu druanndenuadilse
i enuadilsandsisinavendieand sanusn snliusts anduiluansveluedy
fhewmuniigamgil 800 °C meldaniefiinisdiineendiau Wunan 5 Hilus diianilduiualiasiden
LAYTOUHIUAZLATIVLAN 100 WY ilelldvuineyniafiadiane wdnileud 70 °C Wunan 12 $als
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v '

2. M3AATziRuENUAnIINIEnINYasuaINiUGanNad LI

21, Answiuiiindmng usrdiinasgnguuesuiieield deedodiengdiuig (Spedific
Surface Area Analyzer) US¥% Quantachrome ’:Z:u Quadrasorb Sl ¢35 BET (Brunauer Emmett-Teller)

2.2. JwghanwuglasaimdugIuingrauaniuiensadlss adtendesgansse
WUUdD4N31A (Scanning Electron Microscope, SEM) US® JEOL 1 JSM-6610LV wazsiariugunsaiiases
'aw!Lﬁ'z?qwa”amuﬁ’ham?'aqal,ﬂﬂimﬁLmai"i’mmiﬂismﬂwa”qmuﬁuaﬁaﬁwﬂ% (Energy Dispersive X-ray
Spectrometer, EDS) U39 Oxford §u INCA x-act

2.3. 3Lﬂ§wﬁwyjﬁ\‘iﬁ%’ué’h‘&nﬂ%ﬂ Fourier Transform Infrared Spectrometer (FTIR) U5%%
Perkin Elmer 3u Spectrum One lagldinadia Attenuated Total Reflectance (ATR) Afinns¥elugiendu
400 - 4000 cm’*

3. nsAnwanIiinzauiensgadudeusuaniiniug 19

vinnsmaaasuuuLund (Batch Experiments) lngdsd uannidannadilselduinguau
vuA 50 mL Jinasazateddeusueannug 19 A3nuudu 50.00 ppm UTu1as 25.00 mL
Tavinguans] thlugdneiniesgnans (Digital Precise Shaking Water Bath; U3%% DAIHAN Scientific u
Maxturdy-85) m113L53 150 seUsoutifigamgiives mmfuvi’ﬂmsmaqqiymﬁmﬂé’wmzmwmm
Whatman 13 5 uazihansazaned ldluiarinisganduuasiieind esg3-3d0aaninslnlodines
(UV-Vis Spectrophotometer; U3E% Metash 31 UV5100) firue1IAdL 591 nm AuIASazNSRAYY
(%Adsorption) faaunsi (1) WazANAINNIAtUN1IYATU (ge) Faaunisi (2)

ﬁwﬂﬁﬁﬂmﬂﬁaﬁﬁmaGiaﬂﬂi@ﬂﬁuﬁqﬁ:

3.1. Usinadangadu: Wisuiiisuaesasnisgadu dieldauanidensadlsana 0.0500
0.1000 0.1500 0.2000 0.2500 0.3000 Waz 0.3500 n3u InsAuAmAluNTYATU 6 Falus

3.2 tatunisgadu: la1uainiddennadilse 0.2000 n§u WSesuineurSosay
nsgaduilefmuanalunsgaduil 10 30 60 120 180 wag 240 U7l

33, Aranudunsa-lua (pH): Wisuisua1fesaznisgaduil eldaisazareddon
Suenfiviug 19 71l pH Wy 24 6 7 8 way 10 TaeliTangadu 0.2000 N3 wazATlUNSRATU 180 W

nsnasadluiiardadoduiiunisdiogation 3 as Jeyaildgnuinniienesidenmslnsgy
ANUUUTUTIUMALFET (one-way ANOVA) it ai3suliisun1iads uagiiasizsininuunnmiaszning
Anadelagldis Tukey's HSD (Honestly Significant Difference) ﬁizﬁuﬁﬂﬁﬂﬁiymﬂaﬁﬁ 0.05 (AUl
fhnusmwsanguiiuanmeiusansanuuanssesnaiiteddy) Insuansranismaaedluguvesdiads «
?hw,ﬁmmummg'm (E-Naggar et al., 2016)

%Adsorption = % x100 (1)
C,-C )V
ge = M (2)

0y G Cowag VAo ANuludwsudy (ppm) Aududuiiauna (ppm) kazu3uinsves
= = [ % & 1 A o
ansazaNeTwoATiviug 19 (ML) MNE1AU wae m Aeunavasiuanudentadils (g)
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4. msfnwaunislelenaunisgadu
Wisua1sazateddousueadiviug 19 7 aa1uidud’y 20.00 25.00 30.00 40.00 Lay
50.00 ppm viN1sgadumBauIINWasnNadIlse 0.2000 SN w180 w1l uwavinanududuves
ddoudlndelumsazarsdeied esgi-dadaauninslnindines mnduduinan g uaztiwadns
IWAnsgvishouuudaeslelaimenes Langmuir way Freundlich tiovnalnnisged
5. MsAn¥IRaUAMEARSNIIRALU
Faruanidenwadilsa 0.2000 nduldadluvinguvuy Tinasazareddensuaniinug 19
AIANTY 50.00 ppm U315 25.00 mL Tdasluringuvasy Mnduihlumgifianuga 150 seuseund
71987 10 30 60 120 180 WAz 240 W19l nsBIUBNANTATAIBYINNTLATIEsIANNTNTuYesAITATANe
Suenfiviug 19 sewe3ei-iadaanlnslalafines tnanismeassiildunduinniuanansalunis
Qm%’uﬁama (Qe) ALANNISA (2) mmmmmiums@jmsﬁ’uﬁlL’me t (qr) auaun1sh (3) lng C A
anududuvesansazaisuendiviug 19 nan tAildluadinsmieiiaseviguuunisgedu
TnglduuudransufAonsusiuniaiion (Pseudo-First-Orden) uag wuuitassufAsondusvasaiiion
(Pseudo-Second-Order)

(Cy-COV

NAN1SILaLNUSIUNE

1. wamApTiauaNtAnInen nYesduanaenaadilse

a e da o a i A v v A4 a e A
1.1 WanN1FIATIEUNUNKNILNY LLazﬂimmgWiu%admuwmeﬂ,{ﬂ ANAYULAIDIILATICUANUN
i1 (Specific Surface Area Analyzer) ¢1ne/35 BET (Brunauer-Emmett-Teller)

A5199 1 HANISATIEIRNBULNIN8NINAY BET Surface Area 18981uannUaanxad1ls

31815 NANTSILATITN
Nuiiia (Surface Area Data) 12.74 m2/g
Usu1mssusu (Pore Volume) 0.01344 cm’/g
VUINVDIFNTU (Pore Size) 2.111 nm

M571ATIEV A NEAEINIenNYesa T 13 salld and ennadilss nuiad UTanasgngu
001384 cm/g flituiiia 12.74 m/g fiufifafidligeunn udsidigsndnduainandnaduilldiiu
N1SNTEAU LYU duanAus v (Biden pilosa) Afiudian 5.21 m2/g (Sangsuk et al,, 2023) Laga1uaIN
WunuLdy (Suaeda Altissima) 74 5198 Ut 87 3.5 m2/g (Xiao et al., 2022) LT oM 1T VUIAVD
snguyesauanUAenaadilsedfifiiunuia 2.111 nm aude1uves International Union of Pure and

a ¥ 1

Applied Chemistry (IUPAC) TanfiflgnIuldurnuaudna1esening 2 - 50 nm dneglundusniuuianans 3e
wlanwes (Mesopores) (Galan et al.,, 2013; Thommes et al., 2015) uenandainnslulasiauiensasy
Fu-AgosUtu wansanvaelalamandszinnd IV aunueives IUPAC Taudl Hysteresis Loop U35n4%n

Tug39 P/Po Uszana 0.4 - 0.9 Fadugriiduiusiunsiinnismvuduveslulasiaulugnuswinnas
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Ued T uanudennadlssdfdnvaziduTanussinmulanes (Sing 1985, Thommes
et al, 2015) vilsiluanaddeuatunsauns nszareuaziing Melulassasiesgnyulaeg i szdns am
TagliiAndodiimanuansznumsiniusun (Size Exclusion Effect) Tutanaddaudifivurnlngjsiiudn
JNIUVLIA Micropore leignn d3ugnuvun Macropore wiazdivwialvejauluanavesddounnud1lule u

Y 9
v !
aa

efiiuniatosasiligadulalid (Foo and Hameed, 2010; Iwuozor et al., 2021)
1.2 wan1saasigianwazlasasiamadugiuineiaiuainildennadilse arendes
qanssAUBLanAsauLUUEDINTIA (SEM/EDS)

100pm Electron Image 1

(n) AdUEIY 500 WIN () A&y 1,000 Wi (A) A8y 5,000 Wi
WAZUSIUTILATIZYSN
9rUsENaUMEIATIA EDS

JUN 2 NMTEIEINNABIRaNTIALBIENATEURUUADINTIA (SEM) veaauanudentadilss

M13°99 2 SweeAUsENBUTRIIUAINIUGeNKAE SIS IEmEmATln SEM/EDS

Element Weight % Atomic %
C 67.54 79.27
O 17.06 15.03
Mg 0.47 0.28
Cl 1.40 0.55
K 12.07 4.35
Ca 1.46 0.52
Totals 100.00 -

nnMsFEnudnurduguinevesunUdenmadlssiindould wuiiiufiddnuus
vquszdidoing wazglunu Fa3uUf 200) () uag () Taegosined Sisvuiadnuaring lnsvesing
yuatugifivuiainnda 5 lulasins Malnieisinesruszneuresniuandenuadilsewiiemadln
SEM/EDS Tumsnadt 2 wamdlsiistudn Sansueu (O Wuesddsznaundn 67.54 % lastwiin w3e 79.27 %
Beeznou Fadugaauitinluvesniuainfagsssuaidiunseiveluedu Usumaisueudiged
Uszneudulaseadnedisigngu v lfiAndunsAsenduddenldd (Keiluweit et al, 2010) 7 stacking
TneiAnussdanivrsenitnumueslsnndnvesnudviawmuezlsindnvedluanaddou (Laishram
et al, 2025) uon9niigamuoondiau (0) ilussdUsznay 17.06 % lasvwiin wie 15.03 % \Tsezaon
wanadrdsdivyilsfduiioondiaunaundesguuiiuiadu Fuelumafausdamiemdinada vio
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' v
aa v 1

wusglalasuivddeunidiegnddessueniiniug 19 (Xue et al,, 2012) diusnseslaun nunadey (K)

wAalfes (Ca) uaziuniidon (M) 1iudswnndrsanity fdrugaslunisgaduuvunaniua vulossy
Lﬁ'aiaml,ma'ﬂﬁyl,mmé’uﬂulaaaumﬂﬁ]mj'asflumsqﬂﬁuﬁﬁauﬁ'ﬁﬂixqaulﬁ (Ahmad et al., 2014)
p3AUsENOUsIHTIVaIATaTslar dndiuuessIgAsuauTige wansfednenimyssiiuainiudennadilss
lunseaduddensueniiniug 19 laeg1aiusz@vaan (Chen et al, 2011)

1.3 WansiAswvimyilandusiein3es Fourier Transform Infrared Spectrometer (FTIR)
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95 \
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4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumbers [cm']

5UN 3 anasudunsisnvesaiuandenaadilse

awnasudusissavesdiuanidennadlsslusui 3 nufiaiusingfavadudsyan
3434 cm™ wansiiavylansend@a (O-H stretching) fiiauadu 1627 cm™ msduvesiusy C=0 (C=0 stretching)
wagusy C=C luageglsunfn (highly conjugated aromatic C=C stretching) (condensed aromatic C=C
sUetcmng)ﬁLa%ﬂgu 1577cnf1(Chaﬂeﬂee*etaL,2020;AngthmaruketaL,2023)aaﬂﬂﬁaﬁﬁuwa
SEM/EDS fiusiissmaniuouuarooniauiiuesiusenoundn fserlsnindulasaimdnvesenivon
TudnuFrnmiiumsmsuslusiuiigumgiige (Keiluweit et al, 2010) Bnvisdausznousenylensenda
wagvidasueilame

2. wamsAnwanzivuIzaudansgadudfoniuaniinug 19
2.1 Ysuwdangadu

NansAnwINavesUTIA oI aduAdensuendiniug 19 Tuguil 4 wuindlesiy
USanaumesanuaIndu 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 WA¥0.3500 n3u Yorarn1spaduddan
Suonfinlug 19 apuindudadl 20.21+0.49°, 0.84-0.47% 57.71+1.90%, 69.92+0.30°, 81.77+1.83°,
92.16+0.96" kay 93.29+0.89" Ay el peannai T U ad JuAen IR uft ui Aaduia
Tunspaduadonliiunndu wasidoldusanaeiu 0.3000 03500 n¥u wuihdesagnisgaduiEuasil osn
szuuiingan1aeBuea (Saturation) HuiiRnvesduiiinduliansagaduluanavesddonldunnlunird
(Zhou et al, 2019) e uUFu A 1T inuzand andeo 030 nTu (7 AT udud dou
50 ppm U317 25.00 mL) egslsAnin Tuns@nuitased ufinuun de 1an pH lelewey was
Jauransnsgadu iselddenlduiinasiu 0.2000 n3u Fudusinaitesnimimnzandiga iels
nszurumsgatuliiihgannzdui annsafuloanisidsunamesmnuitududdonls uaziinse
Joyalaogeuiugn (Ahmad and Hameed, 2010)
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o
U

(223

(=)
1

FRHATNIAAYU

v

0 T T T T T T T 1

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Y3unaau (n3u)

UM 4 nsmluaniauduius sevnineuSinanuandennadilsafildlunisgaduiasSevaznsgadu
ddousueniiviug 19 (Anudndusuduveddonsuoniinug 19 wiriu 50.00 ppm Lwe1IAE7
150 soUsiowl anlun1saadu 6 Fala)

2.2 watunsgadu
1nn15A nwInavenad imnzaulunisg adud fensuoaiiniug 19 dea1uain
Wasnwadlssiinanlunsgadu 10, 30, 60, 120, 180 wag 240 Wit fi¥esavnsgadudionsueniiniug 19
45.52+0.39°, 58.00+0.26°, 63.35+0.70%, 67.61+0.36°, 67.94+0.23%° uay 68.89+0.15° AUAIRNU WU
deldsrsznalunisgaduifiuanndu fepaznisgaduddonsueniinug 19 awuminduruieaty
iieannlugrsusnilsumafideshlunisgadu (Active Sites) $1uauan (Aswasukhee et al., 2012;
Sukpreabprom et al, 2024) uazazEuAiAnaT 180 unit fanswlugudl 5 esanmsgaduiinganioe

auna (Adsorption Equilibrium) feiunavunzaulunisgadume 180 wii

100 -

60 //""""

20

o

I08aIN1INAYU
o
o
I

v

T T T T T 1

0 50 100 150 200 250 300
@ (unil)
JUN 5 nuansauduiussendtsaildlunisgadunarievaznisgaduddeusueniinug 19
(USuaun1u 0.2000 g A uduil uduvesddousuenvinug 19 w1y 50.00 ppm
WEINAINGY 150 soUsBuil)

2.3 anudunsa-wua (pH)
nmsAnwanuiunsa-luavesansaraneddoniueniivug 19 Adnadonispaduves
drunindenuadilssiiiaondudl pH 2 4 6 7 8 way 10 FevaznisgatuddenIuendinlug 19
67.16+0.66% 67.90+1.267, 67.96+0.21%, 67.95+0.10% 67.95+1.05% wag 66.92+0.69 ANUAIAU
wuideArmnudunse-avesansazanedanfindu anuamisolunisgadudeutiead KUl 6
tufonsiiuvdeanUinamesussquinuasyseqauluansazangliidsnansenusiousinansgaduues
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z:hummﬂﬁaﬂmaéﬂiq esnnussBamilenseninddeunasduiidday 2 usede ’ﬁuﬂ’jﬂﬂIQJLaﬂaﬁiﬂﬁﬁ@U
e (Hydrophobic- hydrophoblc interaction) mLﬂmmuivmwmwlmawwma&JamLLaumuwlma‘um
289070 %3 0w AT 875¥NT1982AOUVBIATT VDY wavwsITaind 89 TT-TT Stacking 5719
T Sidnnsouresneglsunfinvesddousuoniiniug 19 Sawdleatu T 8idnnsouvedeslsinfnvesdiy
mswasuulasr pH Felidamasiannuanunsatunisgady (Umpuch et al., 2017)

100

[o]
o
1

v

(o)
o
1

u

=Y
o
1

FDYALNINAYU

v

N
(=]
1

o

pH

JUN 6 nauansnuduiussznieaanudunsa-ua (pH) wazfevaznisgaduddeniueniinug 19
(USuraun1u 0.2000 g AUt U uS uduvesddousuannWug 19 w1y 50.00 ppm
WA 150 seusiawnd nalunisgadu 180 w1

3. wan1sAnwnlelamaunsgaduddausuaniiviug 19 Alediuaniudennadilse

Lelewenveinisgaduddoniueaiivug 19 Ateauinuienwadlse wWunisfinwin
ArduiusseninsUTunamesddouiueaiinug 19 figngedudedviinesdiuaniudonnadilssiu
audnduvesddeniueniinug 19 findesy u annzaugauazonmgiiai emlolumeniivanzay
warldosunednuurnagaduddouiueniinug 19 vesduanidensadlssdiniondu dalelewmen
fidnwilunsmaaesiil 2 uuu fo lelomeunuuuasdesuarlelemonnuumguiy

leluwosuuuuasdlesfiausfginageiuasintuuuiuiveshnaduifissiuien (Vonolayer
Adsorption) LLazﬁé’ﬂwmzLﬂuLﬁaLﬁmLLaxlzu'Lﬁmé’umﬁ%mﬁ’uﬁaqm%’u (Hameed et AL, 2007) 1ilafiansaun
aunstelemeuvesnsgadusandes Weuldaseunis (@)

K.C.
e:qm_L ()
I+ K. C,
Al A a ) o A ) S a P C,-C,
e  ge Ao YSiaaeanvesdiigngaduitanunsanadukuutuied mleain q;% v
K, fio Aasiiuaades
wuuinasdlelewmenaunisidunsavainisgaduiuuiasdesiisulanaunis (5)
1 1 1,1
== (5)
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TalowonnuunsuAviauufgiuii n159aduazing wil diundsveat uil il dnwaelilu
Wawdeaniu lner1unalnvesnisgadunaiedu (Hameed et al., 2007) Anuauisalun1sgaduluegiu
Asindiuvesddeuiiauns Weliansanuwuuitaedelamenvasmsaaduiuunsuiy Weuldnaunisn (6)

qe:KFcé/n (6)

We Ky fie AAeiingudy
s

n #e Uadeiuansenuldfuideden
wuuiaeslolumenannsidunssesmsgaduiuuiguindeuldfaunisi (7)
logqe=logKF+£logCe (7)
nfinandngu Lﬁaﬁwmﬁlé’ma%qmwwLﬁaﬁﬂmmmaamﬂé’aaﬁuaaﬁﬁ’agaﬁm%LL‘U‘U@i’”uaaﬂla

lgweunisgaduddaniweaiivug 19 lnsldauainudennadlsududigady dmsulelemay
N g a o a
WUUWASLNE AT NTUAY P93UN 7 ey 8

05 -
04 -
[ ]
03 -
() 5
% s - y = 0.2806x + 0.2648
R? = 09495
01 -
0 T T T 1
0 0.2 0.4 0.6 0.8
1/Ce
d‘ U al 6
5UN 7 nalelewmennisgaduiuuiadies
0.8 -
0.6
g ././‘/I/‘
@ 0.4 1 y = 0.202x + 0.3265
< &3 4 R? = 09396
0 T T 1
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Log Ce
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M990 3 Anasdileleeunisgaduddensueniinug 19 Wneldinuainidenuadilsadudgadu

Isotherm Model Isotherm Parameters
Langmuir isotherm qm 3.7764 me/g
K. 0.9437 L/mg
R’ 0.9495
Freundlich isotherm Kr 2.1208
1/n 0.2020
R’ 0.9396

M19199 4 WSsuiilguanisgadugean (q.) ddeusuaniinug 19 Aulagsssunalunuidedu

Adsorbent dm (Mg/9) Reference
Pistachio shell 2.2 (Rahdar et al., 2018)
Pomegranate seed powder 3.61 (Dehvari et al., 2016)
Coconut shell 2.2 (Isah et al., 2015)
Grapefruit peel 12.39 (Abassi and Razzaghi Asl, 2009)
Groundnut shell derived biochar 7.99 (Muralikrishnan and Jodhi, 2023)
Charcoal derived from Sterculia 3.7764 Present study

foetida Fruit Rind

inslelumennisgadunvunaud sfurmuiumia1ns leleimennisgady wuin
fA1n159adugean (gn) WinAu 3.7764 me/g ﬁWﬂqﬁﬂﬂs@Jm%’U (K) winfu 0.9437 L/mg wagdmaandu
WUunse R? WU 0.9495 famn51991 3 AUAMUIAT R (38 Separation Factor) lolun1susziiiu
NUIIAT R

AULMLNTALYDINSAATUAINLUUTIADY Langmuir Isotherm 1A a1n&1NS Ry =———
L0

oeflunng 0.0209 - 0.0508 Ailsiogluting 0 < RL < 1 uansinsgadueglugisiivmnzan (Favorable) du
lelemounisgaduuvunsuie Aulueiasilelemounisgadulddad a1 (1/n) iy 0.2020
Fafientiosndn 1 uanrhimaiiuiiuuigeduiiviiusiaililunisgadu desdinagedu (k) Wiy
2.1208 Wl o 91sanduUszAns anduius (R) veuisaeslelomounuindiildasnndeady
Telowesuuuuasiles (R2 = 0.9495) snnninmigudv (R = 0.9396) Liesanilan R2inlnd 1 1nnn

uandliifiuinmagaduddessueniiniug 19 vesuandensadilssiimienlfidumsgeduiuy
FuLii 81 (Monolayer Adsorption) Ut uf 29 1iuid a1feq Tan13nadugaan (g iy
3.7764 mg/g fAngeniniangedusssumAnateriafsssnunaise Wy naudesiufin Wien fiandle
uaznzaLEniN Fannsed ¢ usfiuannidensadilss azlallélian g, geanidefisuriuianuisin uel
foffidutaqudedsninnmanuasimildieluriesiu Sntenszuiunisnieulddudeou ludosiny
nsguIUNINTEAL (Activation) lldasiafidunsne pH lildwaseanuaimisalunisgadu 1418vly
nsakaviua ausadevaalelaniusssued wungdmsuihluldlusedvyusunsessuuvivn
yurmdniiiunuuasnfeuayaudsiu
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4. WaN1IANYINAUAIEATYDINTTAATU

N3ANYIaUAIENTVOINTEUIUNTTAATUAauTwaaTWug 19 laeldaruainiuden
wadlsuduiangadu lddudunisiediasgsinalnnisgadunazdasinisgadu Inslduuudians
UfATedusunilaiion (Pseudo-First-Order) wazuuudiassfisesuduasaiion (Pseudo-Second-
Order) Muauns7l (8) wae (9)

TunsTinsesidoyaldfinnsadansmiisassuudiass fagud 9 wae 10 lnslddaya g
(mmmmiﬂumsqm%’uﬁLam t Tuniae me/g) Wag oe (ﬁmummiﬂiuma@m%%mﬂwm&1 mg/g)
U t (a1 (min) wiefwnAnsinsgaduluguuuuUiRzedusuviadien (k (1/min) Aasiinisgadu
lusduuuufisenduduasaiion ( k, (¢/megmin) warAdulszansanduius (RY) vesudazuuusass

aunsveLUUaesfsedusuniadien :

In(qe-q)=1Inge—kit (8)
AUNVRUUTIRRIU RS dURUaD LTI |

)i 1
L:_Z + 2y 9
q, kg, q,

y =-0.0154x + 1.027

1 -
.\‘\ Rz = 0.9862

[=

%‘_ T T T T T 1
4 50 10 150 200 250 300
517
on
<

e

3 o

£ (min)

JUN 9 nymuwuudaeslfisendusiuniauiiey

60 7
50 o
40
g 30 1 y = 0.2271x + 1.4593
20 1 R? = 0.9999
10 -
0 . . . . . )
0 50 100 150 200 250 300
t (min)

5UN 10 nsmlhuudnaesuisendusivaeaiiey

HANSAWIMANATILGEAIANFNTUSIINM SRS IwINUTT wuuTResaunmsufAsendudunilaiiey
IWaAefl ki = 0.0355 min™ LagA g = 10.64 mg/g AuA115alUNTA AT UN AU ATl §an37
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A1 LA AINN15NABBI93 Y VT LUUTIaeU NS ududvasaien TWA1AIN k, = 0.0352 ¢/mgmin
' = v a o 1 Ay ) =
WazA ge = 4.40 me/g BelnAlAssiuAIlaaINNIIVIAaDY AIR151991 5

A1599 5 Asklsveslfisendusunilaiey Ujisendusiuasaiiey

Model Parameter

Pseudo-first-order ge (experimental) 4.31 mg/g
e (calculated) 10.64 mg/g
ki 0.0355 min™
R’ 0.9862

Pseudo-second-order ge (calculated) 4.40 me/g
k> 0.0352  g¢/(mg:min)
h 0.685  mg/g-'min
R? 0.9999

31NN1TIATIEYTDYATAUNAMIANTNITAATY NUTMUUTIaeaNnITUSATe8uduan vy
fimnumngalunisesuignszuiunsaaduddeusuaniinug 19 vuduanaennadilse lnefiatsan
nAdulsEavsavduiug (R) vesuuiiaessufuasaiiontian 0.9999 ddlndifes 1.0 annniuuudiaes
aunsUfisesusuviaiiendedan R? wihiu 0.9862 LLamdwma@m%’uﬁﬁm%uﬁé’ﬂwmLﬂums@m%’umqmﬁ
(Chemisorption) ?jqé’miﬂﬂﬁ@@%’uﬁuagﬁ’ué’umﬁ%mﬁLﬁWﬁuiwdwﬁé’fﬁluﬁ’wgﬂﬂﬁ%’uuuﬁwaqmwﬂwé’ﬂ
Tnenalniiddyfioraintu ldun m-m Stacking ussdamisamalniiadauaziusylelnsiau (Tan et al,
2008; Ahmad and Hameed, 2010) deandasfiusmildevatsduiifnuraunamansnisgaduadoniuen
VlWIﬂEJIGU’Jﬁ(ﬂ(ﬂG]“ﬂUﬁ]’]ﬂﬁiiwmGlﬁﬁEJ’JﬁWU’Jﬂ’]W dusinasnuinuusasisaunamanssuduasa ol
nseBuIeTimnzaNTian fegiuty mumsmﬂwwmmm%aaamuawﬂmamumm‘wmmﬂaaﬂ du
(Jawad et al., 2019) waza1uINNINLAATNNDY (Kzil et al., 2024) ﬂLLamwamaamﬁaaaﬂu mmi@m‘u
Julviuuiassaunisufisensuduasaiion

unegy

sAdeidnwnisgeduidouiueniinug 19 Meduaindensadilss wuin duiiwIeulddnuiin
12.74 m?/g U311m53ngu 0.01384 cm/g Uazau1avesgngy 2,111 nm dndnduiandisisnsuruinnans
mesopores Fsfivuinoglutg (2 - 50 nm) MnMsFEnENYUEduUIE LS esAUTENEUMYIMATA
SEM/EDS WudﬂdwuﬁﬁuﬁamémizﬁﬁianﬂaLLazgwqummmé‘ﬂLLax‘lmj 1519A15UBY LaveaNTLau
Huosdusznaundn 67.50 uax 17.06 % lastmineuddy uasiinsevingilsidudemata FTIR wut
fivyjlansendauazrteslsnnin Wemannzimnzalunsqeduddesduondiviug 19 anngilmngan
Ao Uunaau 0.30 n3u wanltunisgadu 180 w1il wazArudunsa-Lua (pH) vesddeu ludwasienis
AngU
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WeAnwilelemounisgadu wuiinisgaduddeniueniiviug 19 sasaiuaniuden
wadlsadiuulduaonndosiulelumennsgadunuunaniesuinnitlelomennuunguis Weswn
Ardudsyans anduiuslulelumonnuvuandedfamnnnilelsmenuuunguis (R?=0.9495) Usd
13T UL AT uuLR ulrreeian AT UTudnwaduie (Monolayer Adsorption) Uul ufi a9 1w
ooy flFinsgatuaedn (g Wiy 3.7764 me/g FaumansnisgaduaenadeeiuluuIaeaunIs
Ugfserdudvasuiion uansd ndunisgaduniaall annnanisnaasadainudulula
flagUspgndlddandlunsiinddenluiinnlssnunendond deanifunstisaniymisaniay
n19d swrndenuazdudunisinudennadlseiiiutanvdoldluiesd uunldussloviog1ad udn
Snymandladhe

AnRNssUUsENIA

AMEH TT8UBUBUAMAIVITVIAL AMEATAIENT UNITNEG 85180 QU IUaNLA 4T 1ML 81
dmsuanueunsgvatuayuas edllauazarsiad suviudailoan1unlun1sinnuide veveunsea
UTEN A0 Aawees Wind Aliauewnsziddeniueniiniug 19 uaz AnUSY faasAs usEw anamnssu

v v

wUASUaTUN 9179 AiRuwaslunsEna1uInUFenkag sl lunuIdelunsedl
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Abstract

Currently, many local administrative organizations still rely on paper-based methods for recording
road construction activities. This approach often results in delays, data inaccuracies, and inefficient
data storage, which hinder effective project management. Therefore, this research aims to 1)
examine the application of a no-code platform for monitoring and evaluating road construction
plans through daily construction reporting and 2) compare its effectiveness with traditional paper-
based reporting methods. The study employs the AppSheet no-code platform for daily reporting
due to its capability to develop applications rapidly without requiring programming skills. The
application is designed to record essential project data, including project details, work schedules,
personnel, and construction activities. The platform was tested in a road construction project with
a sample of 50 site supervisors from local administrative organizations in Trang Province. Data was
collected through satisfaction surveys and analyzed using statistical methods, including mean and
standard deviation. The results indicate that the no-code platform enhanced the efficiency of daily
report preparation (X = 4.06, S.D. =0.95), improved data accuracy and completeness (X = 3.97, S.D. =0.91),
and facilitated more efficient and secure data retrieval and storage (X = 4.15, S.D. = 0.85). Overall,
user satisfaction with the system was higher compared to the paper-based method (X = 4.07, S.D. = 0.80).
These findings suggest that the AppSheet- based no- code platform enhances data accuracy,
accelerates report preparation, and improves project management efficiency in road construction

within local administrative organizations.

Keywords : No-code Platform; Construction Project Monitoring; Road Construction; AppSheet;
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