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Abstract

This paper presents the use of deep learning network-based Convolutional Neural Networks (CNNs) 
to enhance the ef  ciency of classifying purebred Thai native chickens for conservation purposes. This 
study speci  cally focuses on Thai native chicken species known as Leung Hang Khao. Due to the 
signi  cant 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 veri  cation, 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 yielded 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; Classi  cation; 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 signi  cant genetic diversity. Despite this 
diversity, the Department of Livestock Development in Thailand has of  cially 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  ghting 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 speci  cally for combat, is known as King Naresuan’s 
 ghting 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 (saf  ower or turmeric 
yellow), normal yellow, and ruby yellow. Their shank colors range from yellow to yellowish-black 
or yellowish-brown-black. This breed diversity re  ects 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, classi  es these chickens 
based on physical characteristics such as feather color, beak, comb, shanks, and body shape. However, 
some chickens cannot be clearly classi  ed 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 
signi  cant 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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dif  culty in correctly identifying native chicken breeds by visual inspection, especially for those 
lacking suf  cient 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 signi  cance 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  ghting 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  ghting 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 signi  cant expertise in phenotype analysis. Currently, genetic markers are 
used to identify gene patterns in conjunction with genetic assessments for breed veri  cation. 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 classi  cation methods are relatively suitable for improvement 
of the accuracy and ef  ciency of breed classi  cation in a shorter time frame, owing current 
technological advancement.
 Currently, one of the most important technologies is the Arti  cial Intelligence (AI), 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 AI. Deep learning is a sub-  eld of machine learning that shares the same goal but 
employs a learning technique characterized by an Arti  cial 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 ef  ciency 
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 classi  cation to determine what the output image represents (Kittichai 
et al., 2021; Ren et al., 2022). 
 In recent years, machine learning 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-identi  cation 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, speci  cally 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  oor, but encountering dif  culties 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 signi  cantly reduces annotation time for dairy 
goat images, offering a  vefold 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  ock images and individual 
chicken images, then trained the data with CNNs. This method can be practically applied for 
gender classi  cation 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 Recti  ed 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) modi  ed the VGGNet architecture for bird species classi  cation. 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,  nding 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 ef  cient 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 ef  ciency 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 classi  cation 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 identi  ed 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  eld sites. 
The dataset includes purebred Leung Hang Khao chickens from the  rst 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 II describes a theoretical 
background of CNNs-based approach. Section III 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 speci  c 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 de  ned as the 
sum of the element-wise multiplication of a  lter or kernel  with the input matrix . For a given 
input image  of dimensions  (where  is the height,  is the width, and  is the number of 
channels), and a  lter of  dimensions  (where  and  are the  lter’s height and width), 
the convolution operation to produce the output feature map  is expressed by, (Equation (1)) 

 (1)

  where  and  iterate over the spatial dimensions of output feature map . This operation 
is typically followed by the application of a non-linear activation function, such as the ReLU.

2. Activation Function
  The ReLU activation function introduces non-linearity into the network, which is crucial 
for learning complex patterns. The ReLU is mathematically de  ned as, (Equation (2))

 (2)

  where  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  of demensions , the max pooling 
operation with a  lter size  can be expressed as, (Equation (3))

 (3)

  where  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 
 attened into a one-dimensional vector , which is then passed through fully connected layers. 
If  represents the weight and  represents the biased for a fully connected layer, the output  is 
given by, (Equation (4)) 

 (4)

  In the context of classi  cation 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  where  is the 
number of classes, the softmax function computes the probability  that the input belongs 
to class  as, (Equation (5)) 

 (5)

  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 classi  cation tasks, the cross-entropy loss is commonly 
used, which is de  ned as, 

 (6)

  The loss function de  ned 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 classi  cation accuracy across the four chicken 
categories: purebred male, purebred female, crossbred male, and crossbred female. The effectiveness 
of this loss function is re  ected 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  is true label (represented as a one-hot encoded vector) and  is the 
predicted probability for class . 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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 (7)

  where  represents the parameters, and  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 over  tting, 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))

 (8)

  where  is a binary mask vector (with each element drawn from a Bernoulli distribution), 
is  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 classi  cation tasks. It represents the proportion 
of correctly classi  ed samples out of the total number of samples evaluated. The accuracy can be 
calculated using the following formula (Equation (9)):

 (9)

 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.
 FP (False Positives): The number of negative samples that are incorrectly predicted as positive.
 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 
ef  ciently 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 Work  ow of the CNN architecture.

 Figure 3 illustrates the process of the CNN structure as it performs image classi  cation, 
speci  cally 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  lters 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  nal pooling layer is  attened into a one-dimensional 
vector, ready to be processed by fully connected layers. The  attened 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  nal 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 identi  es the image as a Purebred 
male with high con  dence. The CNN architecture demonstrated in the  gure is designed to perform 
image classi  cation by extracting relevant features from input images and using those features to 
make accurate predictions. This process is typical in many image classi  cation tasks, where the goal 
is to categorize images into prede  ned classes based on learned patterns.

Methodology

 This study presents the classi  cation 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  rst 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 speci  cations 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.

 (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. Veri  cation 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 Veri  cation
  The architectural structure used in this experiment is a simple architecture developed 
speci  cally 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 classi  cation 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 classi  es the 
image into one of four possible classes, which could represent different breeds of Thai native chickens. 
The  gure emphasizes the experimental approach of using multiple CNN architectures to determine 
the most effective model for accurate classi  cation.

Figure 5 An overview structure of the proposed classi  cation-based CNNs of Thai native chicken 
  with Lenet-5, CNN1, CNN2, and CNN3.
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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 ef  cient 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 10th 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  ve 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 modi  ed 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,  nding 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 re  ect 
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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.

 (a) LeNet-5 (b) CNN1 (c) CNN2 (d) CNN3
Figure 6 The architectures of CNNs-based approaches.

 (a) LeNet-5  (b) CNN1

 (c) CNN2 (d) CNN3
Figure 7 The training and validation accuracy and loss curves for four different convolutional neural 
  network architectures over 50 epochs.



14 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262289

 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 ef  cient and reliable model for this classi  cation 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 ef  ciency. 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  rst 10 epochs, with minimal differences between training and validation 
accuracy thereafter. This rapid convergence suggests that the models are highly ef  cient 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  uctuation 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 signi  cant 
reduction in both training and validation loss within the  rst few epochs. The graphs for CNN1 and 
CNN2 display the most rapid decline, with loss values approaching zero early in the training, re  ecting 
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  uctuations 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 over  tting, reinforcing the robustness of these architectures. Therefore, the analysis 
indicates that CNN1 and CNN2 are the most ef  cient and stable architectures for this classi  cation 
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 classi  cation model.

 The confusion matrix in Figure 8 shows the classi  cation 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 classi  cation accuracy, as all 
28 images in each class were correctly identi  ed without any misclassi  cations. 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 classi  cation.

Conclusion

 This paper introduced the employment of deep learning techniques with CNNs for classifying 
Thai native chickens, speci  cally the Leung Hang Khao breed. The  ndings demonstrated that the 
CNN1, which was of simple design and setting, was the fastest and most ef  cient 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 re  ning the deep learning model to improve its ef  ciency 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 pro  cient 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 re  ection coef  cient (S11) below -10 dB and inter-port isolation below -30 dB throughout all 
operational bands, indicating optimal impedance matching and ef  cient 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 re  ection coef  cient 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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       (Effective Dielectric Constant)
    W     (Width of Patch)
         (Dielectric constant)
    L      (Length of Patch)

  (1) - (4)  
 ( )  4.4  (h)  1.6   (fr) 
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  Wgp2 x Lgp2  Wgp3  Wgp2 
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 1 

   ( .)   ( .)
W 25.75 Lp2l 21

Wp1 14.88 L 32
Ws 5 Wb1 25.75

Wp2 5.88 Lb1 10
Lp1 3 Lf 11
Ls 10 Wf 3.5

Lp2s 8 Wgp1 9.2
Lpst 11 Lgp1 2.5
pst1 5.88 Lgp2 9.95
Wpst 7 Wgp2 2.7
Wpst2 12.88 Wgp3 15

 2  S11(dB)  Wpst 

  2  (Wpst)  S11(dB) 
 2.45 GHz  3   5 7  

9    
S11(dB)  2.45 GHz   Wpst   
Wpst = 5   S11(dB)   Wpst = 7   
Wpst = 9   Wpst = 9    
Wpst = 5   2.45 GHz Wpst = 7   
5.15 - 7.125 GHz  S11(dB)  Wpst = 7  

 -10 dB  5.8 GHz  
  Wpst = 7   2.45 GHz 

 5.15 - 7.125 GHz   3  S11(dB) 
 1   Wpst  7   

   
6.5 GHz     

  FR-4 



26 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e258796

 
  4 

   6.5 GHz 
  

 3  S11(dB)  1 

 ( )  2.45 GHz ( )  2.45 GHz
 4 



27ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e258796

 ( )  5.5 GHz ( )  5.5 GHz

 ( )  6.5 GHz  ( )  6.5 GHz
 4  ( )

( ) 2.45 GHz
 5 3D 



28 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e258796

( ) 5.5 GHz

( ) 6.5 GHz
 5 3D  ( )

   

 ( )  2.45 GHz ( )  2.45 GHz
 6  2 



29ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e258796

 ( )  5.5 GHz ( )  5.5 GHz

 ( )  6.5 GHz ( )  6.5 GHz
 6  2  ( )

  5  3D   
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   S1,2 (  1  2) 
 2.45 GHz  -29.601  -30.919 dB 
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  S1,3 (  1  3)  Isolation  -30 dB 

  S1,4 (  1  4)  -35.909  -49.822 dB  
2.45 5.5  6.5 GHz   S3,2 (

 3  2)   -25.563  -39.401 dB 
  S4,2  S4,3 (  4  )  

 Isolation  -22.354 dB  
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2.45 GHz   

   SMA 
(Sub Miniature Version A)  FR-4    
4.6  1.6  
  S11  

  S11  -10 dB 
  -22.62 dB  6.5 GHz  

  

  (Far-Field) 
 2.45 GHz  

(Directivity)  1.680 dBi   
 5.5  6.5 GHz   

 6.5 GHz  5.151 dBi 
  

   MIMO 
  

 
   (Re  ector)  

 

  Isolation  
  -30 dB   S1,4  

S1,3  -49.822 dB  -33.705 dB 

        (GHz) 
Isolation 
(dB) 

2.45 GHz 5.5 GHz 6.5 GHz 

      

S1,2 -29.601 -30.919 -24.088 -36.378 -30.069 -39.346 
S1,3 -30.654 -35.149 -43.036 -39.406 -48.466 -48.195 
S1,4 -38.933 -35.909 -49.822 -40.355 -43.69 -45.166 
S3,2 -30.664 -25.563 -31.904 -29.339 -39.401 -31.839 
S4,2 -42.732 -28.192 -36.46 -47.605 -32.47 -39.488 
S4,3 -22.354 -29.607 -29.369 -30.685 -26.542 -36.911 
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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  ndings 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 in  uencing factors including 
power factor (average 0.58) and external temperatures above 30 oC. 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 CO2 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
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 (Hani  , 2024) 
  

(Latief et al., 2017; Bedi et al., 2025)   NZEB 
  (1)  
 (2)  
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  (Wikipedia Contributors, 2011.; IES, 2023)
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1. 
   

   
 (Real-Time Monitoring System)  MDB 

 . . 2567  . . 2568   
  IoT  

 1  IoT 

  1  MDB  Clamp Meter (CM) 
 Gateway  

Bluetooth  Data Center  1   CSV  
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 2 

  2   
 Clip AM  (Error 

Percentage)  0.07 - 0.78 % 

 1  ( )

 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

  1  (Reference Value) 
 (Measured Value)   (Error 

Percentage)   A  0.78 %  B  0.07 % 
 C  0.22 %  

 (  < 1 %)

 3 
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  3  A (7.6 A)  7.66 A (+0.78 %)  B (14.3 A)  14.31 A (+0.07 %) 
 C (13.4 A)  13.43 A (+0.22 %)   0.07 - 0.78 %

2. 
    HOMER Pro 

 
  2.1    

  (Solar PV System)  (Battery 
Storage System)    Grid-Connected Off-Grid  Hybrid System 

 (kWh/ )  Grid (%)
  2.2    

   Capacity Factor 
  (Payback Period) 

3. 
   (Smart Energy Management System: SEMS) 

    IoT 
 (AI)  Big Data Analytics    

  3.1   (IoT Sensors and Meters)   
     

  3.2   (Energy Analytics Platform)  
 Machine Learning  Clustering 

  3.3   (Energy Control and Management System)  
  /    Solar PV 

  3.4   (User Interface & Dashboard) 
 
4. 

    
 (Life Cycle Assessment: LCA) 

  4.1    (Net Present Value: NPV) 
 (Internal Rate of Return: IRR)  (Break-even Analysis) 
 (Sensitivity Analysis)   

  4.2    (GHG 
Emission Reduction)  

  

 4   (1) 
 (2)  (3)   

(4) 
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1.  . . 2567 
 . . 2568  

   2  (kW)  (kWh)  IoT Energy 
Meter  1  24   

  

 2 

   Average Average Power Energy Cost  Period Current (A) Power (W) Factor (PF) Consumption  (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 4.77 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

: 

 ( ) 
 4 
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( ) 
 4  ( )

   4( )  (Average Current, A)  7.30 A  
 4.33 A (1 - 5  . . 2567)  11.51 A (6 - 10  . . 2568) 

  6 - 10  . . 2568 
  (Energy Consumption, kWh/day) 

 1,150.38 kWh/day  38.43 kWh/day (1 - 5  
. . 2567)   6 - 10  . . 2568  2,515.61 kWh/day 

 2.19   Power Factor (PF)  Power Factor  0.58   
Power Factor  0.44 (6 - 10  . . 2568)  0.80 (26 - 31  2567)  Power 
Factor  0.5   

 PF  4( )   153.73 /   10,062.44 /  (  
65 )  6 - 10  . . 2568  Peak  

2.  
   HOMER Pro   

 125 kWp  (Battery Storage)  250 kWh 
 3  175,000 kWh/   65 % 

  Capacity Factor  17.2 % 
  

 3 

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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 5 

   5     
 (%)    

 4  (~100 %)  
  4   (U-shape)  2 

  3  4  
3.  

   . . 2567  . . 2568 
 (SEMS)   

  
   SEMS    

  IoT     
   (Power Factor)  

 (Energy Analytics Platform)  Machine Learning 
  

  (Energy Control and Management System)  
 -   

   Solar PV 

 4 

  Functionality Energy Savings (%)  Bene  ts
 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
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 4  ( )

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

   4  IoT 
 (  . . 2567 -  . . 2568)  (kWh) 

    
  SEMS  

  

 6 

   6   (25 %) 
  (20 %) 

  (18 %)  (15 %) 
  (12 %)  

4. 
  4.1    5  
4  (Option 1 - 4)     (NPV) 

 (IRR)   (B/C Ratio) 
     Option 
    

  Option  
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 5 

  Item 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
 Bene  t-Cost Ratio (B/C Ratio) 1.54 1.67 1.41 1.11

 7 

   7   Option 4  (~21.5M Baht) 
Option 1  (~7.5M Baht)   Option 4  
(~0.43M Baht)   Option  Option 4  
(~1.97M Baht)  Option 2  NPV  (~7.2M Baht) Option 4  NPV  
(~2.3M Baht)   Option 2 (~1.67)  

 IRR (%)  Option 2 (~14.2 %)  Option 4 (~8.1 %) 
  Option 2 (~8 )  Option 4 (~10.9 )  Option 2 

  NPV  B/C Ratio   IRR   
Option 4   Option 1  3  

  4.2    6  
(Greenhouse Gas Emission Reduction)   (Energy 
Savings)  (Emission Factor = 0.5 kg/kWh) 
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 6 

  Energy Savings from the Emission Reduction Emission Reduction over
 Option System (MWh/year) (tons/year) the Project Lifetime
    (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

:  0.5  

 ( )  ( ) 

( ) 
 8 

   8( )   (MWh/ ) 
  Option 1 (175 MWh/ )  Option 4 (345 MWh/ ) 

  56 - 62 MWh/   
  8( )  ( / ) 

   Option 1 
(87.5 / )  Option 4 (172.5 / )  

 2:1 (MWh: )  8( )  25  ( ) 
 25   Option 1 (2,187.5 )  Option 4 

(4,312.5 )   Option 4 
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 Option 1  
  Option 4 

 

 
  65 % 

 24 % 
 (Hongvityakorn et al., 2024; Mengesha et al., 2024)  

 (Power Factor: PF)   PF  0.85 
 (Latief et al., 2017)  

  30 oC  
 (Noh et al., 2024)  

  (Wang 
et al., 2024)   

 8   (IRR) 14.2 % 
 (Hani  , 2024)    

78 - 95 %    
  

(Bedi et al., 2025)
   (Net Zero Energy Building: NZEB) 

  
  (Mengesha et al., 2024) 

   Internet of Things (IoT)  (AI)  
  

(Pan et al., 2015)   
   

  
(Wikipedia Contributors, 2011; IES, 2023)

  
  (Net Zero Energy Building: NZEB) 

 
   47,264.27 /   Peak  

104,817.09  . . 2568  Solar PV  125 kWp  Battery Storage 
250 kWh  65 %  SEMS  24 % 

 12 %  25 %  
 8   (IRR) 14.2 %  65 % 
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  118.5 /   2,962.5   
  Life Cycle Assessment (LCA)  
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  (1)  

 2.1 GHz  2   (VNA)  (2)  
MATLAB   
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 CST Microwave Studio 
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Abstract

This research presents the development of a dielectric measurement system for metamaterials, 
using four different con  gurations 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 
con  rm 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 signi  cantly 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

    
(Practice-Based Learning)  

 
    ( ) 

     (Chen et al., 
2004; McRae et al., 2020)  

    
(Precision Agriculture) (Teseme and Weldeselassie, 2020)
   

  (Resonant Cavity)  (Open-Ended Coaxial Probe) 
 (Transmission Line Fixture)   

 (Šaroli  and Matkovi , 2022; Rammah et al., 2015) 
  

 (Vergnano et al., 2020; Gregory and 
Clarke, 2005)   

  
 

  
     

   
 (Permittivity)  (Permeability)   (Singh 
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et al., 2015; Fan et al., 2021)  1   
 (Shahid Aziz et al., 2024)  (Vineetha et al., 2023) 

   5G  (Thakur et al., 2024; 
Cho et al., 2021)   

   
 (Cummer et al., 2008)

  2.1  
  LTE  5G  

 6  (Li et al., 2020)  CST Studio Suite 
   

(S11)  (S21)  
  MATLAB 

  
 (Murthy, 2020) 

   

 1  (Santalunai et al., 2022)

1. 
   2  

  1)  
 2)    

  
  3)  
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 2 

 1.1   2.1 GHz
     3   2.1 GHz 

 
  
   2.1 GHz  (1) - (2)

     (Wavelength: )  (1) (Balanis, 2016; Polzar, 
2011)

 (1)

   
         (m)
       c     (m/s)
     f     (MHz)

 3  2.1 GHz

   2.1 GHz  0.143   143   
(Horn Dimension)  (Beamwidth) 

 (2) (Balanis, 2016)

 (2)

    
    D     ( )
    k      (   k  0.51)
          ( )
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   15   
 (2) 

                                                                                   

   15   0.56   560 

  1.2   2.1 GHz 
     4 

  4( )  
 1   4( )  

  4( )   
  4( ) 

 3   
  1 

  A0  A1  
 g0   t0   

 2.1 GHz 

     
 ( ) 1  ( ) 2 

 ( ) 2   ( ) 3 
 4 
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 1 

   ( )

A0  :   3.85
A1  :   15.47
g0  :   2.38
t0  :   140

2. 
   2.1 GHz 

 S-parameter  2    
  5 

 4 

 5 

  2.1  
     6( )  |S11|  |S21|  

 1 - 4 GHz 
 6( )   

 (3) (Baker-Jarvis et al., 1992; Nicolson and Ross, 1970)

 (3)

    

        
     d    
     c    

      6( )     
 1 - 4 GHz    1.2491  2.1 GHz  1  

 
         

  2.2  
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  2.2  
      

    

 ( )  S-parameter  ( )  S-parameter

( ) 
 6  

    2.2.1  1   1  
 7( )  ( )  S11  0.34  2.1 GHz 

  S21  2.1 GHz 
 2.1 GHz   S11 

 80    S21  
  

 ( >0) 
 7( )

      
  

   (Snell's Law)
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 ( )  S-parameter  ( )  S-parameter

( ) 
 7  

    2.2.2  2   8( )  ( )  S11  
S21  2.1 GHz  

    2.1 GHz  1.57881  8( )

 ( )  S-parameter  ( )  S-parameter

( ) 
 8  2 
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    2.2.3  2   9( )  ( )  
S11  S21  2.1 GHz  2.1 GHz   

 1.76824  9( )

 ( )  S-parameter  ( )  S-parameter

( ) 
 9  2  

    2.2.4  3   3  
 S11  S21  2.1 GHz  10( )  ( )  10( ) 

 1.56702

 ( )  S-parameter  ( )  S-parameter
 10  3 
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( ) 
 10  3  ( )

3. 
    11  2.1 GHz 

  (Network Analyzer) 
  

   S-parameter  (Metamaterial)    12 - 16 
   

 (S11)  (S21)  2.1 GHz  
   

     1.24091  
    1.11289  

    1.57881  1.04381  
    1.56702 

   
 2

 11 
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 ( )  S-parameter  ( )  S-parameter

( ) 
 12  

 ( )  S-parameter ( )  S-parameter

( ) 
 13 
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 ( )  S-parameter  ( )  S-parameter

( ) 
 14 

 ( )  S-parameter  ( )  S-parameter

( ) 
 15 
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 ( )  S-parameter  ( )  S-parameter

( ) 
 16  

 2 

        
   (Simulation) (Measured)  (%)

  (Single Layer) 1.10 1.11 0.91 %
  (2-Layer Parallel) 1.60 1.58 1.25 %
  (2-Layer Crossed) 1.05 1.04 0.95 %
  (3-Layer Crossed) 1.60 1.57 1.88 %

 
  

  
 

  
  

  
 1.65 - 2.5 GHz 
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 (Electromagnetic Band Gap) 

   
   

 0.91 - 1.88 %  2 
  

 
 

  
 3     

  
  

     
  2.1   

  
 

 3 

      
    (Keysight Technologies, (Levine et al.,
     2019) 2022)

  ±2 % ±0.5 % ±0.2 %
     
    
  MTMs   
      
     

  2.1 GHz 
 

  
 

  S-parameter (S11  S21)  Permittivity 
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Abstract

This study aimed to apply three Thai herbs, including mulberry leaf (Morus alba), galangal (Alpinia 
galanga), and  ngerroot (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 oC 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 signi  cant increase in  rmness of raw seasoned minced 
pork product, while the supplemented with  ngerroot (formula 5) resulted in a signi  cant improvement 
in elasticity and tenderness. Moreover, supplemented with garlic (formula 2) was less effective in 
controlling pH, resulting in a signi  cantly rapid decrease in pH after 6 days of storage compared to 
the samples supplemented with mulberry leaves, galangal, and  ngerroot (formulas 3, 4, and 
5, respectively). Similarly, in terms of color quality control, the supplemented with  ngerroot 
(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  ngerroot (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

 (Raw Seasoned Minced Pork Product)  
   

     
  

   (aW)  
(Moisture Content)  -  (Carbon-
Nitrogen Source)  (Djordjevi  et al., 2019) 

   
  

   
   Staphylococcus aureus, Bacillus cereus, Salmonella spp. 

 Escherichia coli     
      (Mansur et al., 2016; 
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Scott et al., 2020)  (Lipid Oxidation) 
    

    
(Falowo et al., 2014) 
    

/     (BHT) 
  (Papuc 

et al., 2018) 
  

   (Thia-Medicinal Plants) 
  (Yuwang et al., 2019; Rattanahemboot et al., 2022) 

 (Allium sativum) 
  

   (Saponins)  (Sapogenin)  
(Flavonoid)     (Flavone) 

 (Quercetin)  (Sulfur)  -  (Allyl-Cysteine) 
 (Diallyl Sul  de)  (Allyl Trisul  de)  

(Antioxidant)   
(Lanzotti, 2006; Brewer, 2011; Kovarovi  et al., 2019) 

  
  

  (Antimicrobial)  (Morus alba L.) 
    

S. aureus B. pumilus.  E. coli  (Cui et al., 2019; Chanthabal and Mahidsanan, 
2023)  (Alpinia galanga (L.) Willd.)  

   (Cineole) 2,2- -3-  (2,2-Dimethyl-
3-methylenenorbornane) -  ( -Curcumenene)  

 (Aziz et al., 2024)   
(Boesenbergia rotunda (L.) Mansf.) 

  S. aureus  B. cereus (Sopitthummakhun et al., 2021)
   

     
      -  

  
  

1. 
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 2 × 2   (  160  
 3 )      

   2    
15   (  160   1 ) 

 1  1 (Negative Control)   
          2 

  1  
 3 4  5     

 2   
 (Vacuum Sealer)  

 (Kernberger-Fischer et al., 2017)  (Aseptic Condition) 
 4 oC  0 2 4  6 

 1 

      (% w/w)
    1  2  3  4  5

   75.76 72.99 72.99 72.99 72.99
   3.79 3.65 3.65 3.65 3.65 
   3.79 3.65 3.65 3.65 3.65
   2.27 2.19 2.19 2.19 2.19
   3.79 3.65 3.65 3.65 3.65
   3.79 3.65 3.65 3.65 3.65
   2.27 2.19 2.19 2.19 2.19
   2.27 2.19 2.19 2.19 2.19
   2.27 2.19 2.19 2.19 2.19
   0 3.65 0 0 0
   0 0 3.65 0 0
   0 0 0 3.65 0
   0 0 0 0 3.65

: % w/w  
            
   
   1    (Negative Control) 
   2   
   3    
   4  
   5    
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2. 
   (   

)  (Negative Control)  
 3    (Texture Analysis) -  (pH Analysis) 

 (CIE L* a* b* Analysis) 
   5   (Texture 
Analyzer CT3 10K, BROOKFIELD, USA)  TA41   

  (Migda  et al., 2020) 
  -   10   90  

 250   (Blender)  1   
 pH Meter (Mettler Toledo, Switzerland)  -

 
    Hunter Lab 
(Chroma Meter CR-410, Konica Minolta, Toyko, Japan)  CIE   L* 

 (  -L*  +L*)  a*  (  -a* 
 +a*)  b*  (  -b*  +b*) 

 0 2 4  6  
3. 

  3.1   (Total Plate Count; TPC)
     10   0.85% (w/v) Sodium Chloride 

 90    10-1  
 (10-Fold Serial Dilution) 

   0.1   
Plate Count Agar (PCA, HiMedia Laboratories, India)  Spread Plate 

 3  (Triplicate)  37 oC  24  
 25 - 250  (Colony Forming Units; CFU) 

(Bacteriological Analytical Manual (BAM), 2001)  log CFU/g 

  3.2  
     S. aureus 

 0.1   Baird-Parker Agar (BPA, HiMedia Laboratories, India) 
 Egg Yolk Tellurite Emulsion (HiMedia Laboratories, India) 

 Spread Plate  3  (Triplicate)  37 oC 
 24 - 48   25 - 250  

 log CFU/g  (Gunasena et al., 2021)
     B. cereus  (10-Fold Serial 
Dilution)  0.1   Mannitol Egg Yolk 
Polymyxin Agar (MYP; HiMedia M636, India)  Spread Plate  

 37 oC  24   
 25 - 250    log CFU/g 

 (Harper et al., 2011)
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     Salmonella spp.  25   
Lactose Broth (HiMedia, India)  225   37 oC  24  
(Pre-Enrichment)  0.1   (Selective 
Enrichment Broth)  Rappaport-Vassiliadis (RV) Medium  10   

 37 oC  24    (Inoculating Loop) 
 RV Medium  Xylose Lysine 

Deoxycholate Agar (XLD agar; HiMedia, India)  37 oC  24   Salmonella spp. 
 XLD    H2S 

 Biochemical Tests  Molecular  (Pal and Marshall, 
2009)
     E. coli  MPN (Most Probable Number) 

 10-1 10-2  10-3  3 Tube MPN  Series 3:3:3 
 3 Tube MPN  1   Lauryl Sulfate Tryptose Broth 

(LST; HiMedia, India)   3   37 oC 
 24   48   

 Brilliant Green Lactose Bile Broth (BGLB broth; HiMedia, India)  37 oC 
 24   Escherichia coli broth (EC broth) 

 44.5 oC (Feng et al., 2002) 
4.  

      
(Completely Randomized Design, CRD)   ANOVA  

 Duncan's Multiple Range Test  0.05  SPSS

 3       
   2 

 (    ) 
 6      

 
 0 2 4  6   (P<0.05)  (Hardness) 

 8 - 10 g  
 (  3)   6  13.00±1.73 g  

(  1)  (  2)  (  5)  4 
 6  9.67±1.53 9.00±2.00  9.67±0.58 g   

(  3)    
 (  1)  (  2)  (  5) 

 
  (Adhesiveness) 

   
(  1)  (  4)  0.23±0.06  0.22±0.03 mJ  (  5) 
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  0.11±0.01 mJ  6  
 (  2)  (  3)  (  4)  (  5)  

0.10-0.17 mJ 
 

  (Stringiness)  
 6    (  1)  

6   4.88±0.77 mm   (  2)  2.46±0.79 mm 
  (  5)  

1.76±0.26 mm  6   (  3)  (  4)  

 
  (Fracturability)  (  5) 

  0  5.33±0.58 g  6  4.67±0.58 g  
 (  3)  (  4)  6   

6.00±1.73  6.00±0.00 g  3 
  (  2)    (  5) 

  (  4) 

 2  (    )
   6 

    
  ( )  1  2  3  4  5

  (Hardness; g)
  0 9.83±0.76Aab 8.00±1.00Bb 9.67±0.58Bab 10.00±1.73Aa 10.00±0.00ABa

  2 10.00±2.00Aa 9.55±0.51ABa 9.00±0.00Ba 8.67±0.58Aa 10.00±0.00ABa

  4 10.00±0.00Ab 11.00±1.00Aab 12.74±0.23Aa 11.67±1.53Aab 11.00±1.00Aab

  6 9.67±1.53Ab 9.00±2.00ABb 13.00±1.73Aa 11.33±2.08Aab 9.67±0.58Bb

  (Adhesiveness; mJ)
  0 0.23±0.06Aa 0.14±0.06Aab 0.19±0.08Aab 0.22±0.03Aa 0.11±0.01Bb

  2 0.13±0.06Ab 0.11±0.03Ab 0.10±0.00Bb 0.11±0.01Bb 0.17±0.04Aa

  4 0.13±0.06Ab 0.09±0.02Ab 0.20±0.01Aa 0.10±0.01Bb 0.11±0.03Bb

  6 0.22±0.02Aa 0.17±0.06Ab 0.11±0.01Bc 0.11±0.01Bc 0.10±0.00Bc

  (Stringiness; mm)
  0 1.85±0.50Bab 2.35±0.54Ba 1.77±0.21Aab 1.31±0.27Abc 1.06±0.10Cc

  2 2.37±0.99Bc 3.47±0.21Ab 1.45±0.37Ac 1.78±0.25Ac 1.26±0.00Aa

  4 1.29±0.33Ba 1.72±0.24Ba 1.65±0.32Aa 1.33±0.33Aa 1.62±0.31Ba

  6 4.88±0.77Aa 2.46±0.79Bb 1.38±0.45Ab 1.43±0.30Ab 1.76±0.26Bb



72 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262626

 2  (    )
   6  ( )

    
  ( )  1  2  3  4  5

 (Fracturability; g)
  0 5.33±0.58Aa 4.33±1.15Ba 4.00±1.00Aa 5.33±0.58Aa 5.33±0.58ABa

  2 5.30±0.44Ab 4.67±0.58ABc 4.00±0.00Ad 4.00±0.00Bd 6.00±0.00Aa

  4 5.30±0.61Aa 6.00±0.00Aa 5.91±0.21Aa 5.69±0.71Aa 6.00±1.00Aa

  6 5.00±1.73Aa 5.00±1.00ABa 6.00±1.73Aa 6.00±0.00Aa 4.67±0.58Ba

:  (±)  3 
   (P<0.05)
   (P<0.05) 
   1   (Negative Control) 
   2    (3.65% w/w) 
   3     (3.65% w/w)
   4    (3.65% w/w)

   5     (3.65% w/w)

 -  (pH Value)  5   pH 
  

  1  -  (pH Value) 
 6   5   6  

 pH   (  2)  pH  6.43 
 5.89   6   

     (  3)  (  4) 
 (  5)  pH  (  1)  

(  2)  6   (  5)  pH 
 (  2)  pH  6   5.95  

      
 pH 
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 1 -  (pH Value)  6  

  ±  (SD)  3   1   
(Negative Control)   2   (3.65% w/w)  

  3   (3.65% w/w)  4   (3.65% w/w) 
 5   (3.65% w/w)

    3 
 CIE Lab   L* ( ) a* ( - )  b* ( - )  

 (P<0.05)  5  
 (0 2 4  6 )  L*   (  5)  L*  

 0 ( L* 65.96)  6 (L*74.50) 
  (  3)  L*  2  (L* 74.20) 

 4 (L* 66.65)  6 
 (NE; Not Examine)  (  4)  

 (  1)  (  2)  L* 
  6   

  a*    
(  5)   0  (a* 19.86) 

 6  (a* 25.69)  (  4)  
 0  (a* 17.42)  

4  (a* 24.06)  (  1)  (  2) 
 a*   

 (  5) 
 

  b*   5   
(  5)  0  b* 9.43  13.61  6  
(P<0.05)  (  1)  (  2)  (  3)  

 (  4)  6 
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 3  L* a*  b* 
   6  

   
    1  2  3  4  5

 L* 0 61.16Bb 62.29Ba 59.48Ba 61.99ABb 65.96Ab

  2 64.67Ba 63.21Ba 74.20Aa 66.51Bb 71.71Aab

  4 64.32Ba 64.11Ba 66.65Ba 78.24Aa 74.10Aa

  6 NE NE NE NE 74.50Aa

 a* 0 18.02ABa 16.24Ba 12.34Ca 17.42ABb 19.86Aa

  2 15.63Cb 17.73BCa 12.90Ca 23.63Ab 22.19ABa

  4 15.26Ba 15.47Ba 11.32Ca 24.06Aa 22.25Aa

  6 NE NE NE NE 25.69Aa

 b* 0 8.36Ba 11.25Aa 6.82Ba 8.97Bb 9.43Aa

  2 5.26Db 8.35Ca 9.70Ca 11.90Bab 26.32Aa

  4 6.29Bb 6.20Ba 7.78ABa 12.67Aab 10.76ABa

  6 NE NE NE NE 13.61Aa

:  3  
   (P<0.05)
   (P<0.05)
   1     (NegativeControl) 
   2     (3.65% w/w)  
   3     (3.65% w/w)
   4     (3.65% w/w)
   5    (3.65% w/w)
  NE  Not Exanimated 

  5   4 
   (  1) 

 (  2)  (Total Bacteria Count)   2  
7 log CFU/g  4   (TNTC)  6 

 
 Spread Plate 

   
(  5)  

 5.23 log CFU/g  6 
  E. coli  Most Probable Number (MPN) 

 <0.03 MPN/g    0.03 MPN/g 
  (  1)  2  

 6   (  2) 
 (  3)  (  4)  6  

 (  5)  E. coli 
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  S. aureus  
  6   

(  1)  (  2)  (  3)  (  4) 
  (10-5)   (  5) 

 6   S. aureus 1.89 log CFU/g  
  B. cereus  (  1)  (  2)  

  6   
 (  5)    

  0  1.78 log CFU/g 
 1.93 log CFU/g  6 

  Salmonella spp.  
(  1)   6    
(  2)  (  3)  4   
(  4)  (  5)  Salmonella spp.  

 4 

     
  ( )  1  2  3  4  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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 4  ( )

     
  ( )  1  2  3  4  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

:  3 
  ND (Not Detected)     
    1   (Negative Control) 
   2   (3.65% w/w)  
   3   (3.65% w/w)
   4   (3.65% w/w)

   5   (3.65% w/w)

      
   (  1) 

 (  2)  
  (Kovarovi  et al., 2019) 

 (Ready to Cook)  4 oC  
 

     
  (  3)  3.65 % (w/w)  25  

   
  

    Zhang et al. (2024) 
   

  
 

    (  5) 
 (Stringiness)  

   
 (Protein-Polyphenol Interaction) 

  (Shahidi and Dissanayaka, 2023) 
   

  
  (Hardness)  (Springiness) 
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 (Soikam et al., 2024)  
  

 3  
 (L*)  (a*)  (b*)  

 (  5)  6  
 (a*)   

Pork Tteokgalbi   
 (L*)   b* ( )  

  (Lee et al., 2022)  
(Soikam et al., 2024)   (L*) 

 (a*)   3  
 pH   

  ( .1197-2536)  
 ( . 6000-2547) (Thai Industrial Standards Institute, 1993; National Bureau of 

Agricultural Commodity and Food Standards, 2004)   
 pH  6  

 (Dave and Ghaly, 2011)  (  5) 
 pH   

Total Bacteria  6 log CFU/g   S. aureus  B. cereus
  Salmonella spp.  

  4  
   

   E. coli 
S. aureus  B. cereus (Phanthong et al., 2013; Zainin et al., 2013; Teethaisong et al., 2018) 

  pH 
 

  
.1197-2536  

  3 (Thai Industrial Standards Institute, 1993; Department of Medical Sciences, 
2017)   Salmonella spp.  E. coli (  100 MPN/g) 

 /  S. aureus  B. cereus  2.00 log CFU/g  
6    
(Soikam et al., 2024)  
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Abstract

This study aims to assess the ef  ciency of a bio  ltration system in order to remove the hydrogen 
sul  de 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 sul  de removal ef  ciency of as high as 94.63±0.32 %. 
Regarding the wastewater quality, the treatment system using a spray mechanism in combination 
with cross  ow media resulted in a continuously decreasing in the wastewater quality parameters 
including TSS, BOD, COD, NO3

- and SO4
2-. Moreover, the dominant microbial populations in the system 

were identi  ed, that were microorganisms in the system play a crucial role in converting hydrogen 
sul  de gas into sulfate, resulting in a signi  cant reduction in malodors. These microbial activities 
contributed to a continuous decline in organic pollutants in the treatment system. The  ndings 
indicate that the treated wastewater can be safely reused within the system without causing adverse 
environmental impacts. This study highlights the potential of bio  ltration system as an effective 
and sustainable solution for the odor and wastewater management in livestock farming.

Keywords: Hydrogen Sul  de; Chicken Farm; Biological Systems

   
   

   
   

 (Prombaiyen, 2025)  
   

  
  

    

 
 (Price, 2023)

      
  (Panich et al., 2023)     

   (Sirianuntapiboon and Chuamkaew, 
2007; Shareefdeen and Singh, 2008; Pudi et al., 2022)  

    
   

 85 - 99 (Potivichayanon, 2005)
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  (1)  (2) 
(Oyarzun et al., 2003)

 (1)

 (2)

 
  

 
 

  
  

1. 
  1.1  

    
  1.2       

 80   7,000  
 

  

  
 

  1.3   8.20   67.30 
  1.4   -  . . 2568

2. 
   Analytical Reagent (AR) 

  K2Cr2O7 H2SO4 Ag2SO4 HgSO4 C10H6Na2O6S2 Fe(NH4)2(SO4).H2O 
KH2PO4 K2HPO4 MgSO4.7H2O CaCl2 FeCl3.H2O Na2S2O3.H2O KNO3 C6H8O6 CuSO4.5H2O C6H5NO2 Na2SO4

BaCl2 C12H25NaO4S HCl  Plate Count Agar (PCA)
3. 

      
 1,000   10    

 (  5 )  (Chuenban, 2017)
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4.  
    

  
   (pH) 

 (TSS)  (BOD)  (COD) 
 (NO3

-)  (SO4
2-) (APHA, AWWA and WEF, 2007)  3  

  5   90  
  

 
  

  
  

  (  )  
  

 . . 2564
5. 

   
  Location-Speci  c Sampling 

  3    5   
90     (Tasto 410i; Germany)  
(Testo 925; Germany)  (4IN1 Multi-Function Environment Meter; Standard ST-8820 Environment 
Mete; USA)  (Biogas 5000 Geotech; UK) 

  
 (Prombaiyen, 2025) 

6. 
    

 
  

Biogas 5000 Geotech (UK)   3  
  5   90   

 (3)

   ( ) = (Cin -Cout) / Cin x 100     (3)

  
    Cin   =  (ppm)
    Cout  =  (ppm)
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7. 

  
  

 (Total Plate Count)  
Standard Plate Count Method (APHA, AWWA and WEF, 2007; Wattanajira, 2015)  
3    5   90  

    
8. 

   1   
 ( )  

  
  

   
  

    

  

( )  8   1.15   4 

( )  1.80 
 1  
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( )  1,000 

  
    

( )   
 1  ( )

1. 
       
(TSS)  (BOD)  (COD)  (NO3

-) 
 (SO4

2-)   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  2.01±0.08-1.61±0.01 ppm 

   
(Wongphadungkiet and Suwannawitayakorn, 2011)  7.02±0.00-7.10±0.01 

 Lang (2011)  7.50-8.00 
 

 
 

2. 

  
  2.48±0.04  

  2.23 - 2.63  (Nopparatmaitri et al., 2013) 
 29.00±0.00   

 27  
  (Phonprasit, 2008) 

 (Heat Stress) 
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  (Balnave and Brake, 2005; 
Boonkum et al., 2014)  69.08±0.63 

  (National Bureau of Agricultural Commodity and 
Food Standards, 2019)   

  
 

  (Wong-
phadungkiet and Suwannawitayakorn, 2011)

3. 
    

  67.78±1.92 94.63±0.32 
 90  (  2  1) 

 94.63±0.32 
  

  
 Yao et al. (2022)  Bio-Trickling Filter 

(BTF)  98  Phothiwichayanon (2011)  
  10   10 ppm  

 99.99  

 2 

4. 

   
(  2)  1.07x107 - 3.67x107 CFU/ml  
90   90  
0.000254 mg/CFU 
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  Devinny et al. (1999) 
 107 - 109 CFU/ml  

  
 

    
  

 
  

 (Chung et al., 2000; Chen et al., 2023; 
Cesar et al., 2025)

 1  

  
    
   (ppm)  (ppm)  ( )
 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
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   (SDGs)  6 

 12  
 

 2 
  

  
   ( ) (CFU/ml) 
 0 - 1.07x107

 5 67.78±1.92 1.17x107

 10 67.78±1.92 1.30x107

 15 67.78±1.92 1.40x107

 20 71.48±5.70 1.53x107

 25 75.19±4.49 1.67x107

 30 81.48±6.42 1.67x107

 35 85.19±6.42 1.67x107

 40 85.19±6.42 1.87x107

 45 85.19±6.42 1.93x107

 50 85.19±6.42 2.13x107

 55 85.19±6.42 2.43x107

 60 90.74±3.21 3.13x107

 65 92.59±3.21 3.63x107

 70 92.59±3.21 3.63x107

 75 94.63±0.32 3.67x107

 80 94.63±0.32 3.67x107

 85 94.63±0.32 3.67x107

 90 94.63±0.32 3.67x107

   
   

  TSS BOD COD NO3
-  SO4

2- 
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 67.78±1.92-94.63±0.32  90   

 1.07×107 - 3.67×108 CFU/ml  
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Abstract

The fermentation of  sh includes whole  sh, pieces, and strips, particularly Som-fug, which is commonly 
used in various traditional dishes. However, preparing fermented  sh for consumption can be 
time-consuming. To align with modern consumer lifestyles, this study aims to develop a ready-to-eat 
fermented  sh product called "Loun-Pla-Som-fug" in retort pouches. The study  rst 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 oC for 25, 30, and 35 minutes. Results 
showed that longer sterilization times led to signi  cantly 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 oC 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 
 sh and meets consumer demand for convenience.

Keywords: Som-Fug; Ready-to-Eat; Retort Pouch
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 -   (Thermal Processing) 
     

(Abhishek et al., 2014)    
 (Flexible Packaging)  (Laminate) 

 (Rangsadthong, 2014; 
Pornchaloempong and Rattanapannone, 2017)  

  
(Teixeira et al., 1969) 

   
(Bindu et al., 2011)   

  (Klamsakul et al., 2024)  (Khwanchai et al., 2023)  
(Yotmanee and Ploykhaw, 2022)  (Kangkawisut and Khunputtirapee, 2021) 

 (Deeprasert and Vatthanakul, 2023)  (Parnsakhorn et al., 2020)  
(Dasan et al., 2021) 
 

  
 

 

1. 
  1.1      ( ) 

 1,000   20   100   100  
 20    8 X 12  

 250   2     
 1 

 1 

     ( )
    1  2  3

  110 110 110
  ( )  240 220 220
   60 70 30
   - 30 30
   20 - 20
  - - 30
   - - 18
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 1  ( )

     ( )
    1  2  3

   50 30 30
   52.5 30 30
   1.5 - 1.5
  ( )  - 30 -
  2  - - 2

:  (Maeban, 2015)

  1.2     
 1       

    5   (Maeban, 2015)
  1.3    3  
    1)  Spectrophotometer    L* (  0  100 

 100    0  )  a* (+   
-  )  b* (+   -  )
    2)  -  (pH)  

 (1 : 5) (Vijayakumar and Adedeji, 2017)  -  
 -  (pH Meter)  Mettler Toledo  Five Easy 

    3)   3  
  (Randomized 

Complete Block Design, RCBD)   
     9  (9-Point Hedonic 

Scale Test)  30   
(Analysis of Variance-ANOVA)  Duncan’s New Multiple 
Range Test-DMRT  

2. 
    Hot Fill (  75 oC) 

 150      (AMMBEST-WS65 
  )  116 oC   (TD) 

 
 (Yu et al., 2023)  (Processing Time)  25 30  

35     37  55 oC 
 2   (André et al., 2021)
3. 

   25   
  (Randomized 

Complete Block Design, RCBD)    
    9  (9-Point Hedonic 
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Scale Test)  30   
 2  (T-Test) 

1. 
   (Maeban, 2015) 

    1   2 
 3    9  

  2

 ( )  1 ( )  2 ( )  3
 1 

 2  pH 

     1  2  3

   L*ns  71.52+3.97 70.35+3.45 70.26+3.88
   a*ns  9.30+4.95 9.61+4.75 9.57+4.97
   b*ns  24.83+6.10 25.68+6.15 25.85+6.35
  -  (pH)ns 4.28+0.40 4.66+0.26 4.02+0.12

: ns  (p>0.05)

   3    1  
  2   3  

    
 1  2  (  1)  1 
 2  3  1  240   2  3  220  
  1  3  

 3   
  pH  3  (p>0.05) 

 (  2) 
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 3     

    1  2  3

 ns 7.37+1.00 7.23+1.10 7.47+1.10
 ns  7.00+1.29 7.00+1.36 7.47+1.22
 ns  6.87+1.57 7.00+1.46 7.40+1.52
 ns  7.37+1.21 6.97+1.16 7.23+1.61
   7.07+1.17ab 6.40+1.59b 7.20+1.61a

  6.97+0.90ab 6.60+1.22b 7.27+1.23a

:  (p 0.05)
  ns  (p>0.05)

   3  (  3) 
     (p>0.05) 

  (p 0.05) 
   3     

    1  2   
 2   3 

2. 
    3  
(  1) 

 3  
 37  55 oC  2   2  4 

 ( )  ( ) 25  ( ) 30  ( ) 35 
 2  116 oC  25 30  35 

 4  116 oC  25 30  35 

   
 

  
     25  30  35 
   L*  68.86+0.26a 64.05+0.16b 59.67+0.15c 58.09+0.69d

  a*  4.55+0.16c 7.46+0.33b 7.75+0.10ab 7.95+0.16a

   b*  21.93+0.19c 23.50+0.12b 24.43+0.67ab 25.41+0.10a

  (pH)  4.02+0.12b 4.37+0.52a 4.40+0.23a 4.42+0.40a

:  (p 0.05)
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   2   
 Water Spray Retort  116 oC  25 30  35  

    
  (Sutheerawathananond 

and Rodtong, 2008)  4 
    L*   a* 

 b*     (L) 
  (Maillard 

Reaction)  (Browning Reaction)  
 (Nursten, 2005)  Yotmanee and Ploykhaw 

(2022) 
  L*   a*  

b*   Kangkawisut and Khunputtirapee (2021) 
   105 oC 

  25 - 30   (a)  

   -   (p>0.05) 
 -  (pH)  

(p 0.05)   
 25 30  35  

 pH   
 (Myo  brillar Protein) 

 pH  (Hamm, 1996)

 5  116 oC  
  25 30  35  

    25   30   35 
   37 oC  55 oC 37 oC  55 oC 37 oC  55 oC
 TVC (Mesophilic) ND ND ND ND ND ND
 TVC (Thermophile) ND ND ND ND ND ND

: ND    Not Detect
   TVC    Total Viable Count ( ) 

  25 30  35  
 37  55 oC  2  

 Mesophilic  Thermophile (  5) 
  116 oC 

  
 (Incubate)  37 oC  55 oC 

 (Mesophilic Bacteria)   
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 55°C  (Thermophilic Bacteria) 
  Bacillus stearothermophilus  7 - 14  

  (Commercially Sterile) (Landry et al., 2001) 

 
 -   4.6   1,000  

 (Ministry of Public Health, 2013)  4  
 25  

  25   
3. 

  
 116 oC  25   6 

 6   
   116 oC  25 

     25 

   7.77+0.94b 8.00+0.91a

   7.97+0.85b 8.20+0.85a

 ns  8.20+0.71 8.17+0.83
 ns  7.97+0.76 7.90+1.02
 ns  8.20+0.61 8.30+0.75
 ns 7.87+0.86 8.13+1.04

:   (p 0.05)

  ns  (p>0.05)

  6   
 25  

 (p 0.05)    
 (p>0.05) 

 116 oC 
  Overcooking  (Yu et al., 2023) 

   3 
  116 oC  25 30  

35    
 L*   a*  b*  

 -  (p>0.05)  
 25 30  35  
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       (p>0.05) 

  
(Heat Penetration, Fo) 
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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 m²/g 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 (qm) 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 
 

  
 

  
   (Azo Dyes)  (Reactive Dyes)  (Direct 

Dyes)  (Anionic Dyes) 
 (Benkhaya et al., 2020)     19 

   
 ( migiel-Kami ska et al., 2020)  

   
  (Gholizade et al., 2023)   

 19   (Saratale et al., 2011)  
 19  C22H16N2Na2O11S3  626.53 g·mol 1  1 
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 1  19 

 
   

 (Advanced Oxidation Processes-AOPs)  
(UV)   ( Fenton 
Process)  
(Abrile et al., 2020)   

    
 (Yadav et al., 2024; Reddy et al., 2024)  (Rahmoun et al., 2025) 
  19  (Dehvari et al., 2016)  

  
  (Charcoal)   (Biochar)  

 (Lehmann and Joseph, 2015)  
   (Hyeon et al., 2025) 

 (Adejumo et al., 2020)  (Fernandes et al., 2025)  
(Hoa et al., 2025)  (Ahmad and Hameed, 2010)  

 
  

  (Sterculia foetida)   
   (Yennam et al., 2024)   

   
   (Sridharan et al., 2024)  
  

  19   
  

 19   
   

 

 
 

 1.    
      

 800 °C   5   
 100    70 °C  12   
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 2.  
 2.1.    (Specific 
Surface Area Analyzer)  Quantachrome  Quadrasorb SI  BET (Brunauer Emmett-Teller) 
 2.2.   

 (Scanning Electron Microscope, SEM)  JEOL  JSM-6610LV 
 (Energy Dispersive X-ray 

Spectrometer, EDS)  Oxford  INCA x-act 
 2.3.   Fourier Transform Infrared Spectrometer (FTIR)   
Perkin Elmer  Spectrum One  Attenuated Total Reflectance (ATR)  
400 - 4000 cm-1 
 3.   19 
    (Batch Experiments) 

 50 mL  19  50.00 ppm  25.00 mL  
  (Digital Precise Shaking Water Bath;  DAIHAN Scientific  

Maxturdy-45)  150   
Whatman  5 -   
(UV-Vis Spectrophotometer;  Metash  UV5100)  591 nm  
(%Adsorption)  (1)  (qe)  (2) 
   : 
   3.1.  :   0.0500 
0.1000 0.1500 0.2000 0.2500 0.3000  0.3500   6   
   3.2.  :   0.2000   

 10 30 60 120 180  240  
   3.3.  -  (pH):  

 19  pH  2 4 6 7 8  10  0.2000   180  
    3  

 (one-way ANOVA)  
 Tukey's HSD (Honestly Significant Difference)  0.05 (

)  ± 
 (El-Naggar et al., 2016) 

 
         %Adsorption   =    C0 - Ce

C0
 ×100       (1)   

 

 qe   =    (C0 - Ce)V
m

         (2)  

 
  C0  Ce  V   (ppm)  (ppm) 

 19 (mL)   m  (g) 
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 4.  
    19  20.00 25.00 30.00 40.00   
50.00 ppm  0.2000   180  

-   qe  
 Langmuir  Freundlich   

  5.  
  0.2000   19 

 50.00 ppm  25.00 mL   150  
 10 30 60 120 180  240   

 19 -   
 (qe )  (2)  t (qt )  (3)  Ct  

 19  t   
 (Pseudo-First-Order)   

(Pseudo-Second-Order) 
     
 

       qt   =    (C0 - Ct)V
m

            (3) 

 

 
 

 1.   
 1.1    

 (Specific Surface Area Analyzer)  BET (Brunauer-Emmett-Teller) 
 

 1  BET Surface Area  
 

  
 (Surface Area Data) 12.74 m²/g 

 (Pore Volume) 0.01344 cm3/g 
 (Pore Size) 2.111 nm 

  
    
0.01344 cm³/g  12.74 m²/g  

   (Biden pilosa)  5.21 m²/g (Sangsuk et al., 2023) 
 (Suaeda Altissima)  3.5 m²/g (Xiao et al., 2022)  

 2.111 nm  International Union of Pure and 
Applied Chemistry (IUPAC)  2 - 50 nm  

 (Mesopores) (Galán et al., 2013; Thommes et al., 2015) 
-   IV  IUPAC  Hysteresis Loop 

 P/Po  0.4 - 0.9  
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 (Sing, 1985; Thommes  
et al., 2015)   

 (Size Exclusion Effect)  
 Micropore   Macropore  

 (Foo and Hameed, 2010; Iwuozor et al., 2021)   
 1.2   

 (SEM/EDS) 
 

     
 
 
 

 2  (SEM)  
 

 2    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 - 
   
   

   2( ) ( )  ( )   
 5   

SEM/EDS  2   (C)  67.54 %   79.27 % 
  

  (Keiluweit et al., 2010)  -  stacking  
 (Laishram  

et al, 2025)  (O)  17.06 %   15.03 %  
  

( )  500   

 EDS 

( )  1,000  ( )  5,000  
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 19 (Xue et al., 2012)   (K) 
 (Ca)  (Mg)    

 (Ahmad et al., 2014) 
  

 19  (Chen et al., 2011) 
 1.3   Fourier Transform Infrared Spectrometer (FTIR) 

 

  
 3   

 
   3  
3434 cm-1  (O-H stretching)  1627 cm-1  C=O (C=O stretching) 

 C=C  (highly conjugated aromatic C=C stretching) (condensed aromatic C=C 
stretching)  1577 cm-1 (Chatterjee et al., 2020; Angthararuk et al., 2023)  
SEM/EDS  

 (Keiluweit et al., 2010)  
  

 2.   19   
  2.1     
   19  4 

 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500  
 19   20.21±0.49a, 40.84±0.47b, 57.71±1.90c, 69.92±0.30d, 81.77±1.83e, 

92.16±0.96f  93.29±0.89f   
  0.3000 0.3500   

 (Saturation)  
( Zhou et al., 2019)  0.30  (   
50 ppm  25.00 mL)     pH  

  0.2000   
  

 (Ahmad and Hameed, 2010) 
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 4  
 19 (  19  50.00 ppm  

150   6 )  
 
  2.2   
   19  

 10, 30, 60, 120, 180  240   19 
45.52±0.39a, 58.00±0.26b,  63.35±0.70c, 67.61±0.36d, 67.94±0.23d,e  68.89±0.15e   

  19  
 (Active Sites)  (Aswasukhee et al., 2012; 

Sukpreabprom et al., 2024)  180   5 
 (Adsorption Equilibrium)  180   

 

 

 5  19  
 (  0.2000 g  19  50 .00 ppm  

 150 ) 

 
  2.3  -  (pH)  

  -  19 
 pH 2 4 6 7 8  10  19 

67.16±0.66a, 67.90±1.26a, 67.96±0.21a, 67.95±0.10a, 67.95±1.05a  66.92±0.69a   
-    6  



110 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262643

  2  
 (Hydrophobic-hydrophobic interaction) 

   –  Stacking  

  19    
 pH  (Umpuch et al., 2017) 

 

 

 6 -  (pH)  19 
 (  0.2000 g  19  50 .00 ppm  

 150   180 ) 
 

 3.  19  
   19  

 19  
 19     

 19   
 2      

  (Monolayer 
Adsorption)  (Hameed et Al., 2007) 

  (4) 
 

qe=  qmKLCe

1+ KLCe
                                                          (4) 

 

   qe     qe=  (Ce- C0)
W

V 

  KL   
 
   (5) 

 
1
qe

= 1
KLqm

1
c

+ 1
qm

                                               (5) 
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  (Hameed et al., 2007) 

   (6) 
 

qe=KFCe
1 n                                                         (6) 

 
    Kf     
   1/n     
 
     (7) 
 

log qe = log KF + 1
n

log Ce                                            (7) 

 
  

 19   
  7  8  

 

 

 7  
 

 

 8  
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 3  19  
 

Isotherm Model Isotherm Parameters 
Langmuir isotherm qm 3.7764 mg/g 
 KL  0.9437 L/mg 
 R2 0.9495 
Freundlich isotherm KF 2.1208 
 1/n 0.2020 
 R2 0.9396 

 
 4  (qm)  19    

 

Adsorbent qm (mg/g) 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 
foetida Fruit Rind 

3.7764 Present study 

  

   
 (qm)  3.7764 mg/g  (KL)  0.9437 L/mg 

 R2  0.9495  3  RL (  Separation Factor)  
 Langmuir Isotherm  RL= 1

1+KLC0
  RL  

 0.0209 - 0.0508  0 < RL < 1  (Favorable) 
   (1/n)  0.2020  

 1   (KF)  
2.1208  ( R2)  

 (R2 = 0.9495)  (R2 = 0.9396)  R2  1   
  19 

 (Monolayer Adsorption)   ( qm)    
3.7764 mg/g     

  4  qm  
  

 (Activation)  pH  
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4. 
 19

 
 (Pseudo-First-Order)  (Pseudo-Second-

Order)  (8) (9)
9 10 qt 

( t  mg/g) qe (  mg/g) 
t ( (min))  (k1 (1/min)) 

 ( k2 (g/mg·min)) (R2)  
:

                               ln (qe - qt) = ln qe – k1t     (8)

 :

t
qt

= 1
k2qe

2 + 1
qe

t     (9)

9

10

k1 = 0.0355 min-1 qe = 10.64 mg/g 
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   k2 = 0.0352 g/mg·min  
 qe = 4.40 mg/g   5 

 
 5    

 

Model Parameter 
Pseudo-first-order   qe (experimental) 4.31 mg/g 

qe (calculated) 10.64 mg/g 

k1  0.0355 min-1 

R2  0.9862  

Pseudo-second-order qe (calculated) 4.40 mg/g 

k2  0.0352 g/(mg·min) 

h  0.685 mg/g·min 

R2  0.9999  

  
   

 19  
 (R2)  0.9999  1.0 

 R2  0.9862  
(Chemisorption)  

  -  Stacking  (Tan et al., 
2008; Ahmad and Hameed, 2010) 

 
   

(Jawad et al., 2019)  (K z l et al., 2024)  
 

 

  
 

 19     
12.74 m²/g  0.01344 cm3/g  2.111 nm  
mesopores  (2 - 50 nm)  
SEM/EDS    

 67.54  17.06 %   FTIR 
  19  

  0.30   180  -  (pH)  
  

 



115ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262643

    19  
  

 ( R2=0.9495)  
 ( Monolayer Adsorption)  

  (qm)  3.7764 mg/g 
   

  
 

 
 

 
 

    
   

 . .    19     
   

 
References   
 
Abassi, M. and Razzaghi Asl, N. (2009). Removal of Hazardous Reactive Blue 19 Dye from Aqueous 
 Solutions by Agricultural Waste. Journal of the Iranian Chemical Research, 2, 221-230. 
 https://www.academia.edu/30876200  
Abrile, M.G., Fiasconaro, M.L. and Lovato, M.E. (2020). Optimization of Reactive Blue 19 Dye Removal 

 Using Ozone and Ozone/UV Employing Response Surface Methodology. SN Applied  
Sciences, 2, https://doi.org/10.1007/s42452-020-2824-y  

Adejumo, A.L., Azeez, L., Oyedeji, A.O., Adetoro, R.O. and Aderibigbe, F.A. (2020). Nanostructured and 
Surface Functionalized Corncob as Unique Adsorbents for Anionic Dye Remediation. Springer 
Nature Applied Sciences (SN Applied Sciences), 2,  https://doi.org/10.1007/s42452- 
020-2109-5  

Ahmad, A.A. and Hameed, B.H. (2010). Fixed-bed Adsorption of Reactive Azo Dye onto Granular 
Activated Carbon Prepared from Waste. Journal of Hazardous Materials, 175(1-3), 298-303.  
https://doi.org/10.1016/j.jhazmat.2009.10.003 

Ahmad, M., Rajapaksha, A.U., Lim, J.E., Zhang, M., Bolan, N., Mohan, D., Vithanage, M., Lee, S.S. and 
 Ok, Y.S. (2014). Biochar as a Sorbent for Contaminant Management in Soil and Water: A Review. 
 Chemosphere, 99, 19-33. https://doi.org/10.1016/j.chemosphere.2013.10.071 

Angthararuk, D., Phasuk, S. and Takolpuckdee, P. (2023). Low-Cost Biochar Derived from Bamboo 
 Waste for Removal of Heavy Metal in Aqueous Solution. Journal of Food Health and 
 Bioenvironmental Science, 15(2), 34-42. https://li01.tci-thaijo.org/index.php/sdust/ 
article/view/260628  



116 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262643

Aswasukhee, A., Suppametanon, N., Sombatsri, S., Kunawong, T. and Chankaew, C. (2012). Adsorption 
 of Methyl Orange Using Clays and Zeolites. Research on Modern science and Utilizing 
 Technological Innovation Journal, 5(2), 1-10. https://ph01.tcithaijo.org/index.php/rmutijo/ 
article/view/15953/14529 

Benkhaya, S., M'rabet, S. and El Harfi, A. (2020). Classifications, Properties, Recent Synthesis and 
Applications of Azo Dyes. Heliyon, 6(1), https://doi.org/10.1016/j.heliyon.2020.e03271 

Chen, B., Chen, Z. and Lv, S. (2011). A Novel Magnetic Biochar Efficiently Sorbs Organic Pollutants 
and Phosphate. Bioresource Technology, 102(2), 716-723. https://doi.org/10 .1016/ j.biortech. 
2010.08.067 

Chatterjee, R., Sajjadi, B., Chen, W.-Y., Mattern, D.L., Hammer, N., Raman, V. and Dorris, A. (2020).  
 Effect of Pyrolysis Temperature on Physicochemical Properties and Acoustic-Based Amination  
of Biochar for Efficient CO2 Adsorption. Frontiers in Energy Research, 8, 85. https://doi.org/ 
10.3389/fenrg.2020.00085  

Dehvari, M., Ghaneian, M.T., Ebrahimi, A., Jamshidi, B. and Mootab, M. (2016). Removal of Reactive  
Blue 19 Dyes from Textile Wastewater by Pomegranate Seed Powder: Isotherm and Kinetic 
Studies. International Journal of Environmental Health Engineering, 5(1), 5. https://www. 
researchgate.net/publication/299385785 

El-Naggar, A.H., Alzhrani, A.K.R., Ahmad, M., Usman, A.R.A., Mohan, D., Ok, Y.S. and Al-Wabel, M.I. (2016). 
Preparation of Activated and Non-Activated Carbon from Conocarpus Pruning Waste as 
Low-Cost Adsorbent for Removal of Heavy Metal Ions from Aqueous Solution. BioRes, 
11(1), 1092-1107. https://doi.org/10.15376/biores.11.1.1092-1107 

Fernandes, G.B., Alves, R.de O., Marconsini, L.T., de Oliveira, M.P., Passos, R.R., Profeti, D. and Profeti, 
L.P.R. (2025). Macadamia Nut Residue-Derived Biochar: An Eco-Friendly Solution for  
-Naphthol and Reactive Black-5 Removal. Catalysis Today, 445, https://doi.org/10.1016/ 

j.cattod.2024.115050 
Foo, K.Y. and Hameed, B.H. (2010). Insights into the Modeling of Adsorption Isotherm Systems. Chemical 

Engineering Journal, 156(1), 2–10. https://doi.org/10.1016/j.cej.2009.09.013 
Galán, J., Rodríguez, A., Gómez, J. M., Allen, S. J. and Walker, G. M. (2013). Reactive Dye Adsorption 

 onto a Novel Mesoporous Carbon. Chemical Engineering Journal, 219, 62-68. https://doi.org/ 
 10.1016/j.cej.2012.12.073 

Gholizade, A., Asadollahfardi, G. and Rezaei, R. (2023). Reactive Blue 19 Dye Removal by UV-LED/Chlorine 
Advanced Oxidation Process. Environmental Science and Pollution Research, 30(1), 1719. 
https://doi.org/10.1007/s11356-022-22545-4  

Hameed, B.H., Din, A.T.M. and Ahmad, A.L. (2007). Adsorption of Methylene Blue onto Bamboo-Based 
Activated Carbon: Kinetics and Equilibrium Studies. Journal of Hazardous Materials, 141(3), 
819-825. https://doi.org/10.1016/j.jhazmat.2006.07.049 

Hoa, N.T.H., Quynh, N.T., Nguyen, V.D., Nguyen, T.N., Huy, B.Q., Thanh, N.T., Loan, H.T., Hoa, N.T.Q. 
and Nghia, N.T. (2025). Adsorptive Removal of Reactive Black 5 by Longan Peel-Derived 
Activated Carbon: Kinetics, Isotherms, Thermodynamics, and Modeling. Water, 17(11), 
 https://doi.org/10.3390/w17111678  



117ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262643

Hyeon, G.-W., Lee, G.B., Kang, D.J., Lee, S.E., Seong, K.M. and Park, J.-E. (2025). Optimization of Activated 
Carbon Synthesis from Spent Coffee Grounds for Enhanced Adsorption Performance. 
Molecules, 30(12), https://doi.org/10.3390/molecules3012255 

Isah, U.A., Abdulraheem, G., Bala, S., Muhammad, S. and Abdullahi, M. (2015). Kinetics, Equilibrium and 
Thermodynamics Studies of C.I. Reactive Blue 19 Dye Adsorption on Coconut Shell Based 
Activated Carbon. International Biodeterioration and Biodegradation, 102, 265-273. 
https://doi.org/10.1016/j.ibiod.2015.04.006 

Iwuozor, K.O., Ighalo, J.O., Emenike, E.C., Igwegbe, C.A. and Adeniyi, A.G. (2021). Do Adsorbent Pore 
Size and Specific Surface Area Affect the Kinetics of Methyl Orange Aqueous-Phase Adsorption?. 
Research Square. https://doi.org/10.21203/rs.3.rs-777328/v1  

Jawad, A.H., Al-Heetim, D.T. and Abd Rashid, R. (2019). Biochar from Orange (Citrus sinensis) Peels by 
Acid Activation for Methylene Blue Adsorption. Iranian Journal of Chemistry and Chemical 
Engineering, 38(2), 91-105. https://doi.org/10.30492/ijcce.2019.30877  

Keiluweit, M., Nico, P.S., Johnson, M.G. and Kleber, M. (2010). Dynamic Molecular Structure of Plant 
Biomass-Derived Black Carbon (Biochar). Environmental Science and Technology, 44(4), 
1247-1253. https://doi.org/10.1021/es9031419  

K z l, Y., Benek, V., Te in, ., Önal, Y., Erol, K. and Alacabey, . (2024). Reactive Blue 19 Adsorption on 
Activated Carbon from Pumpkin (Cucurbita pepo) Seed Waste: Kinetic, Isotherm and 
Thermodynamic Studies. Journal of Environmental Research, Engineering and Management, 80(1), 
7-20. https://doi.org/10.5755/j01.erem.80.1.34243 

Laishram, D., Kim, B., Lee, Y. and Park, J. (2025). Advancements in Biochar as a Sustainable Adsorbent 
for Water Pollution Mitigation. Advanced Science, 12(19), 2410383. https://doi.org/10.1002/ 
advs.202410383 

Lehmann, J. and Joseph, S.(Eds.). (2015). Biochar for Environmental Management: Science, Technology 
 and Implementation (2nd ed.). Routledge. 

Muralikrishnan, R. and Jodhi, C. (2023). Biodecolorization of Reactive Blue 19 Using Biochar Derived 
 from Groundnut Shell: Batch Adsorption Isotherms, Kinetics and Regeneration Studies. Applied 
 Nanoscience, 13, 2211–2221. https://doi.org/10.1007/s13204-021-02212-9 

Rahdar, S., Shikhe, L. and Ahmadi, S. (2018). Removal of Reactive Blue 19 Dye Using a Combined 
 Sonochemical and Modified Pistachio Shell Adsorption Processes from Aqueous Solutions. 
 Iranian Journal of Health Sciences, 6, 8-20. https://doi.org/10.18502/jhs.v6i3.193 

Rahmoun, H.B., Boumediene, M., Ghenim, A.N., Da Silva, E.F.  and Labrincha, J. (2025). Coupling 
Coagulation-Flocculation-Sedimentation with Adsorption on Biosorbent (Corncob) for the 
Removal of Textile Dyes from Aqueous Solutions. Environments, 12(6), 201. https://doi.org/ 
10.3390/environments12060201  

Reddy, Y., Rotte, N.K., Sudhakar, B.K., Chand, N., Naik, R.J., Mandal, S. and Chandra, M.R. (2024). 
 Biomass-Derived Sustainable Mesoporous Activated Carbon as an Efficient and Recyclable 
 Adsorbent for the Adsorption of Hazardous Dyes. Hybrid Advances, 6, https://doi.org/ 
10.1016/j.hybadv.2024.100218  



118 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262643

Saratale, R.G., Saratale, G.D., Chang, J.S. and Govindwar, S.P. (2011). Bacterial Decolorization and 
 Degradation of Azo Dyes: A Review. Journal of the Taiwan Institute of Chemical Engineers, 
42(1), 138-157. https://doi.org/10.1016/j.jtice.2010.06.006 

Sing, K.S.W. (1985). Reporting Physisorption Data for Gas/Solid Systems with Special Reference to the 
 Determination of Surface Area and Porosity. Pure and Applied Chemistry, 57(4), 603-619. 
 https://doi.org/10.1351/pac198557040603 

migiel-Kami ska, D., W s-Guba a, J., Stepnowski, P. and Kumirska, J. (2020). The Identification of 
 Cotton Fibers Dyed with Reactive Dyes for Forensic Purposes. Molecules, 25(22), 5435. https:// 
 doi.org/10.3390/molecules25225435 

Sukpreabprom, H., Chanmee, W., Jangruang, A., La-ongthitirat, T. and Chunyoung, N. (2024). Adsorption 
of Direct Red 23 Dye by Corn Husks. Journal of BSRU-Research and Development Institute, 
9(1), 135-149. https://so06.tcithaijo.org/index.php/rdibsru/article/view/271556 

Sangsuk, S., Napanya, P., Tasen, S., Baiya, P., Buathong, C., Keeratisoontornwat, K. and Suebsiri, S. (2023). 
Production of Non-Activated Biochar Based on Biden Pilosa and its Application in Removing 
Methylene Blue from Aqueous Solutions. Heliyon, 9(5), https://doi.org/10.1016/
 j.heliyon.2023.e15766  

Sridharan, V., Pulidindi, I.N., Vaithyanathan, P., Kanthadai, V.T. and Balasubramanian, V. (2024). Steam 
Activated Carbon Material from the Fruit Shells of Sterculia foetida for Energy and Environmental 
Applications. Journal of Water Pollution and Purification Research, 11(1), 23-33. https://journals. 
stmjournals.com/jowppr/article=2024/view=168758 

Tan, I.A.W., Ahmad, A.L. and Hameed, B.H. (2008). Adsorption of Basic Dye Using Activated Carbon 
 Prepared from Oil Palm Shell: Batch and Fixed Bed Studies. Desalination, 225(1-3), 13-28. 
 https://doi.org/10.1016/j.desal.2007.07.005 

Thommes, M., Kaneko, K., Neimark, A.V., Olivier, J.P., Rodriguez-Reinoso, F., Rouquerol, J. and Sing, 
K.S.W. (2015). Physisorption of Gases, with Special Reference to the Evaluation of Surface 
 Area and Pore Size Distribution (IUPAC Technical Report). Pure and Applied Chemistry,  
87(9-10), 1051-1069. https://doi.org/10.1515/pac-2014-1117 

Umpuch, C., Kamphu, T., Thongfueang, N., Kaewsiri, S., Paopo, I., Sangthien, T. and Sangthean, P. (2017). 
Adsorption of Reactive Black 5 Dye on Activated Carbon Prepared from Water Hyacinth. 
Journal of Science and Technology, UbonRatchathani University, 19(1), 163-177. https://li01 . 
tci-thaijo.org/index.php/sci_ubu/article/view/86460/68588  

Xiao, H., Lin, Q., Li, G., Zhao, X., Li, J. and Li, E. (2022). Comparison of Biochar Properties from 5 Kinds 
of Halophyte Produced by Slow Pyrolysis at 500 °C. Biochar, 4(1), https://doi.org/ 
10.1007/s42773-022-00141-6 

Xue, Y., Gao, B., Yao, Y., Inyang, M., Zhang, M. and Zimmerman, A. R. (2012). Hydrogen Peroxide 
Modification Enhances the Ability of Biochar (Hydrochar) Produced from Hydrothermal 
Carbonization of Biomass to Remove Aqueous Heavy Metals: Batch and Column Tests. Chemical 
 Engineering Journal, 200-202, 673-680. https://doi.org/10.1016/j.cej.2012.06.116  



119ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e262643

Yadav, M., Singh, N., Annu, Khan, S.A., Raorane, C.J. and Shin, D.K. (2024). Recent Advances in Utilizing 
Lignocellulosic Biomass Materials as Adsorbents for Textile Dye Removal: A 
Comprehensive Review. Polymers, 16(17), 2417. https://doi.org/10.3390/polym16172417 

Yennam, R., Gautam, N., Shah, J., Thandlam, A.K., Gole, S., Nirgude, P. and Dabhade, G. (2024). 
 Evaluation of Activated Biochar from Sustainable Sterculia foetida Shells for the Removal of 
AB 158 Dye. Journal of Environmental Nanotechnology, 13(2), 248-255. https://doi.org/ 
10.13074/jent.2024.06.242607  

Zhou, Y., Lu, J., Zhou, Y. and Liu, Y. (2019). Recent Advances for Dyes Removal Using Novel Adsorbents: 
A Review. Environmental Pollution, 252, 352-365. https://doi.org/10.1016/j.envpol.2019.05.072 



120 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e261530

 
Application of No-Code Platforms for Monitoring and Evaluating 
Road Construction Projects      
 

 1*  1  1  2   
Chalermsak Srithaikaew1* Wisitsak Tabyang1 Nuntachai Chusilp1 and  
Cherdsak Suksiripatanapong2 

 
Received: April 4, 2025; Revised: May 27, 2025; Accepted: May 28, 2025 
 

 
 

  
   

  1)  
 

 2)  
  AppSheet 

 
        

    
50       

  1.  ( X = 4.06 S.D. = 0.95) 
 2.  ( X = 3.97 S.D. = 0.91)  3. 

 ( X = 4.15 S.D. = 0.85) 4. 
 ( X = 4.07 S.D. = 0.80)   AppSheet  

  
 

 
 : ; ; ; AppSheet;  

 
 
 

 

 

1    
2    
1 Faculty of Engineering, Rajamangala University of Technology Srivijaya  
2 Faculty of Engineering, Rajamangala University of Technology Isan  
* Corresponding Author, Tel. 08 8749 2826, E-mail: Chalermsak.s@rmutsvmail.com 



121ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

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

e261530

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;  
 Local Administrative Organizations 
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