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Abstract

Antimicrobial resistance has increased interest in plant-derived
antibacterial agents. This study aimed to evaluate and descriptively compare
the antibacterial activities of Vetiver (Chrysopogon zizanioides), Citronella
(Cymbopogon nardus), and East Indian lemongrass (Cymbopogon flexuosus)
essential oils against Bacillus subtilis. Preliminary antibacterial screening was
conducted using an adapted disk-diffusion method. Gentamicin and sterile
distilled water served as positive and negative controls, respectively. Inhibition-
zone diameters were measured after 24 h and reported as mean + standard
deviation from three independent biological replicates. All three oils produced
measurable inhibition zones. Vetiver oil had the largest observed mean zone
among the oils (17.33 + 1.53 mm), followed by East Indian lemongrass oil (15.00

+ 1.00 mm) and Citronella oil (13.67 + 1.53 mm). Gentamicin produced a mean

* Corresponding author: Khwanchai Pramoonsap

E-mail: Khwananight@gmail.com
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zone of 24.33 + 0.58 mm. Sterile distilled water produced no inhibition beyond
the 6-mm disk. Because no inferential statistical analysis was performed,
treatment differences should be interpreted descriptively rather than as
statistically significant. The findings show that the three oils inhibited B. subtilis
under the tested conditions. Further studies should chemically characterize the
tested oil batches, reproduce the screening findings, and evaluate additional

Gram-positive and Gram-negative bacterial species.

Keywords: Essential oil, Bacillus subtilis, Antibacterial activity, Vetiver, Disk

diffusion

Introduction

Antimicrobial resistance reduces the effectiveness of conventional
antibiotics and contributes to persistent bacterial infections (Touati et al., 2025).
These challenges have increased interest in plant-derived antimicrobial agents.
Essential oils are complex mixtures of volatile phytochemicals, including
terpenes, phenols, aldehydes, and alcohols, and several have demonstrated
antibacterial activity (Reichling, 2020; Touati et al., 2025).

Essential oils from Poaceae species are of particular interest. Citronella
(Cymbopogon nardus) oil commonly contains citronellal, citronellol, and geraniol,
whereas Fast Indian lemongrass (Cymbopogon flexuosus) oil is generally rich in
citral, principally geranial and neral (Gao et al.,, 2020; Elmi et al.,, 2025). Published
analyses of Vetiver (Chrysopogon zizanioides) oil report sesquiterpenoid
constituents such as khusimol, vetiverol, and alpha-vetivone (Thongmee et al,,
2025). These literature-derived profiles are summarized in Table 1; the chemical
composition of the batches used in this experiment was not measured.

Previous studies have reported antibacterial effects of Poaceae-derived
essential oils against Gram-positive and Gram-negative organisms (Budzynska

et al,, 2011; Gao et al,, 2020; Touati et al., 2025). However, direct comparisons
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of Vetiver, Citronella, and East Indian lemongrass oils against B. subtilis are
limited. Although B. subtilis can form biofilms, the present experiment assessed
only growth inhibition in a disk-diffusion assay and did not assess biofilm
formation, inhibition, or eradication. Therefore, this study aimed solely to
evaluate and descriptively compare the antibacterial activities of the three
oils against B. subtilis and to identify patterns warranting further quantitative

investigation.

Table 1. Major phytochemical constituents reported in previous literature

Essential oil Scientific name Major reported constituents*
Vetiver Chrysopogon zizanioides Khusimol, vetiverol, a-vetivone
Citronella Cymbopogon nardus Citronellal, citronellol, geraniol
East Indian lemongrass Cymbopogon flexuosus Citral (geranial and neral), myrcene

* Compiled from previous studies (Elmi et al., 2025; Thongmee et al., 2025). These constituents

were not independently quantified in the present study.

Materials and Methods

Study variables

The independent variable was the essential-oil treatment. The dependent
variable was inhibition-zone diameter. Controlled conditions included the
bacterial inoculum, incubation temperature and duration, disk diameter, agar
medium, and nominal treatment volume.

Essential oils

Commercial essential oils of Vetiver (Chrysopogon zizanioides), Citronella
(Cymbopogon nardus), and East Indian lemongrass (Cymbopogon flexuosus)
were obtained from Chemipan Corporation Co., Ltd. (Bangkok, Thailand). The
oils were used without further dilution and stored in sealed amber-glass bottles
at 4 °C until use. Available product-identification and traceability information is

summarized in Table 2.
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Table 2 Identification and traceability information for the essential-oil products

used in the study

Essential Botanical Supplier and Batch/lot
oil source and Product description product identifier umber
plant part
Vetiver Chrysopogon Steam-distilled; Chemipan Not recorded;
zizanioides; supplier-designated Corporation Co., Ltd.,  could not be
roots/rootlets!  Pure Essential Oil2 Thailand; Product ID recovered
989; code AB2203-A3
Citronella Cymbopogon  Steam-distilled,; Chemipan Corporation  Not recorded;
nardus; supplier-designated Co., Ltd., Thailand; could not be
leaves/aerial Pure Essential Qil2 AB0307; Product ID recovered
parts! 1733
East Indian  Cymbopogon  Steam-distilled,; Chemipan Not recorded;
lemongrass  flexuosus; supplier-designated Corporation Co., Ltd.,  could not be
leaves/aerial Pure Essential Oil; Thailand; AB1204; recovered
parts! supplier Product ID 1813

specification: total origin listed as India

citral <80%?

I Plant parts are the conventional source materials for these oils but were not independently
verified for the tested bottles.

2 Product description and extraction method were reported by the supplier and were not
independently verified; the oils were not chemically characterized by GC-MS.

3 Product identifiers were obtained from Chemipan product documentation.

The lot numbers of the experimental bottles were not recorded; therefore, publicly available

certificate batch numbers were not assigned to the tested samples.

Bacterial strain and inoculum preparation

Bacillus subtilis TISTR 008 was obtained from the Thailand Institute of
Scientific and Technological Research, Pathum Thani, Thailand, and used as the
test organism. The reference stock strain was maintained on nutrient-agar slants
at 4 °C and subcultured before each bioassay. A single isolated colony was

inoculated into 5 mL of sterile nutrient broth and incubated aerobically at 37 °C
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with shaking at 150 rpm for 18-24 h. The bacterial suspension was adjusted
with sterile 0.85% (w/v) physiological saline to match a 0.5 McFarland standard,
corresponding to approximately 1.5 x 10° CFU/mL, and was used within 15 min
of preparation.

Disk-diffusion screening assay

Preliminary antibacterial screening was performed using an agar disk-
diffusion procedure adapted from Maleki & Bakhsh (2023), with modifications
to the agar medium, essential-oil loading volume, control preparations, incubation
duration, and number of independent biological replicates. Mueller-Hinton
agar plates containing 20 mL of medium at an approximate depth of 4 mm
were uniformly inoculated with the standardized bacterial suspension using
sterile cotton swabs streaked in three directions to produce confluent growth.
The assay was used for comparative screening only; clinical interpretive
breakpoints were not applied.

Sterile Whatman No. 1 filter-paper disks (6-mm diameter) were loaded
with 20 pL of undiluted essential oil in two successive 10-pL aliquots and
allowed to absorb under aseptic conditions for 5 min to minimize direct runoff
onto the agar. Gentamicin sulfate solution (100 pg/mL) was applied at 10 pL
per disk, providing a final dose of 1 ug/disk, as the positive control. Sterile
distilled water (20 pL/disk) served as the negative control. The loaded disks
were placed on the inoculated agar with sterile forceps and pressed gently to
ensure complete contact. Plates were inverted and incubated aerobically at
37 °C for 24 h.

Following incubation, clear zones of inhibition were measured across
two perpendicular axes using a precision digital vernier caliper (Mitutoyo, Japan;
accuracy +0.01 mm), including the 6 mm disk diameter. For disks with no detectable
halo, the value was recorded as 6.00 mm (indicating 0 mm inhibition beyond the
disk). All assays were conducted in three independent biological replicates

performed on separate days.
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Data analysis

Inhibition-zone diameters were summarized as mean + standard deviation.
Given n = 3 and the preliminary screening design, no inferential statistical tests
were performed. Treatment comparisons are therefore descriptive and do not
establish statistically significant differences.

Biosafety considerations

Standard aseptic technique and laboratory biosafety practices were used.
Culture media, bacterial cultures, and contaminated materials were autoclaved

before disposal.

Results

Antibacterial activity against Bacillus subtilis

All three essential oils produced visible inhibition zones against B. subtilis
under the tested disk-diffusion conditions. The gentamicin positive control also
produced a visible inhibition zone, whereas the sterile distilled-water negative
control produced no inhibition beyond the paper disk.

The mean inhibition-zone diameters are presented in Table 3. Gentamicin
produced a mean zone diameter of 24.33 + 0.58 mm. Among the essential oils,
Vetiver oil had the largest observed mean inhibition zone (17.33 + 1.53 mm),
followed by East Indian lemongrass oil (15.00 + 1.00 mm) and Citronella oil
(13.67 + 1.53 mm).

The distilled-water control produced a recorded diameter of 6.00 + 0.00
mm, which corresponded to the diameter of the paper disk itself. Therefore,
this result represented 0 mm of inhibition beyond the disk and was interpreted
as no detectable antibacterial activity.

Based on the observed mean values, the descriptive order of inhibition-
zone diameter was:

Gentamicin > Vetiver > East Indian lemongrass > Citronella > distilled

water

Vol.14 Issue.2 (May — August 2026) | Uit 14 atuil 2 (WouAIAY - @3RN 2569)
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This ordering represents a descriptive comparison only. Because the
study included three independent biological replicates and no inferential
statistical analysis, the observed differences should not be interpreted as

statistically significant.

Table 3 Disk-diffusion screening results against Bacillus subtilis

Zone diameter (mm),

Treatment ean + SD Interpretation
Vetiver (C. zizanioides) 17.33 + 1.53 Measurable inhibition zone
East Indian lemongrass (C. flexuosus) 15.00 + 1.00 Measurable inhibition zone
Citronella (C. nardus) 13.67 + 1.53 Measurable inhibition zone
Gentamicin (1 pg/disk) 24.33 + 0.58 Measurable inhibition zone
Distilled water 6.00 + 0.00 No inhibition beyond disk

Note: Reported zone diameters include the 6-mm paper disk. Results were obtained from three

independent biological replicates and were analysed descriptively.

Gentamicin
(positive control)
;

|
Citronella \. X ."_,__ Vetiver

‘\,'/

East Indian
lemongrass

\T:

Figure 1 Representative disk-diffusion screening of essential oils against
Bacillus subtilis. Disk positions were as follows: gentamicin positive control,
top; Citronella, left; Vetiver, right; and East Indian lemongrass, bottom.
The sterile distilled-water negative control was tested separately

and is not shown.
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Discussion

The present study provides preliminary evidence that Vetiver (Chrysopogon
zizanioides), Citronella (Cymbopogon nardus), and East Indian lemongrass
(Cymbopogon flexuosus) essential oils inhibit Bacillus subtilis under the tested
disk-diffusion conditions. All three oils produced measurable inhibition zones,
whereas sterile distilled water produced no inhibition beyond the paper disk.
Vetiver oil had the largest observed mean zone among the oils, followed by
East Indian lemongrass and Citronella oils. Because the comparisons were
descriptive, this ordering should not be interpreted as demonstrating statistically
significant differences.

The observed activity is broadly consistent with evidence that essential
oils derived from Poaceae species can inhibit bacterial growth (Budzynska et al.,
2011; Gao et al., 2020; Elmi et al., 2025; Touati et al., 2025). Essential oils contain
complex mixtures of volatile constituents that may affect bacterial membranes,
permeability, enzymes, and cellular metabolism (Reichling, 2020; Touati et al.,
2025). These mechanisms were not investigated directly; therefore, the inhibition
observed here cannot be attributed to a specific mechanism.

Published analyses indicate that Vetiver oil may contain sesquiterpenoids,
whereas Citronella and East Indian lemongrass oils commonly contain citronellal-,
geraniol-, and citral-related compounds (Gao et al., 2020; Elmi et al., 2025;
Thongmee et al., 2025). However, the experimental oil batches were not
analysed by gas chromatography—-mass spectrometry. The observed effects
therefore cannot be assigned to individual constituents or presumed compositional
differences among the oils.

Disk-diffusion findings require cautious interpretation because inhibition-
zone diameter reflects both bacterial growth inhibition and diffusion of the
tested material through agar. The hydrophobicity, molecular size, polarity, and
volatility of essential-oil constituents can influence diffusion; consequently, a

larger zone does not necessarily establish greater intrinsic antibacterial potency
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(Balouiri et al,, 2016). Gentamicin and the essential oils also differ in composition,
dose, solubility, and diffusion behaviour and should not be interpreted as
therapeutically equivalent.

This study assessed inhibition of planktonic bacterial growth only.
Although B. subtilis can form biofilms, no biofilm-formation, inhibition, or
eradication assay was performed. Accordingly, the disk-diffusion findings provide
no evidence of antibiofilm activity (Budzynska et al.,, 2011; Kavanaugh & Ribbeck,
2012).

Several limitations should be considered. Only one bacterial species
was tested, so the findings cannot establish an antibacterial spectrum or be
generalized to other Gram-positive or Gram-negative organisms. Only three
independent biological replicates were conducted, and no inferential statistical
analysis was performed. Disk diffusion is also influenced by agar-diffusion
behaviour and provides only preliminary comparative screening. Furthermore,
the lot numbers of the tested products were not recorded, the product
information was not independently authenticated, and the chemical composition
of the experimental batches was not verified. Cytotoxicity, stability, formulation
characteristics, and safety were not evaluated. These limitations preclude
clinical, pharmaceutical, food-preservation, or industrial claims.

Future work should reproduce the disk-diffusion findings using fully
traceable, chemically characterized oil batches, a larger number of independent
biological replicates, and additional Gram-positive and Gram-negative bacterial
species. If antibiofilm or practical applications are proposed, those properties
should be evaluated directly using appropriate biofilm, stability, and safety assays.

Overall, the three essential oils produced measurable inhibition zones
against B. subtilis under the specified conditions. Vetiver oil had the largest
observed mean zone among the oils, but the descriptive findings do not establish

statistically significant differences or relative antibacterial potency. The results
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should therefore be interpreted as preliminary, organism-specific screening

evidence.

Conclusion

Under the tested disk-diffusion conditions, Vetiver, Citronella, and East
Indian lemongrass essential oils produced measurable inhibition zones against
Bacillus subtilis. Vetiver oil had the largest observed mean zone among the
three oils; however, the results were descriptive and do not establish statistically
significant differences or relative antibacterial potency. The conclusions are
restricted to preliminary growth-inhibition screening of B. subtilis under the
specified conditions and should not be generalized to other bacterial species,

antibiofilm activity, safety, or practical application.
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Abstract

This paper presents the design and validation of a low-cost Al-based
Smart Electronics Classification System for recyclable waste sorting. It was
developed as a low-cost technical prototype that can be independently
assembled using accessible components and manually collected training data,
with future application as a STEM learning tool to be evaluated in subsequent
work. The system uses a DC motor-driven rotating the three waste bins
positioned at 120°, 240°, and 360°, controlled by Arduino Uno microcontroller
combined with a result of an image-based classifier trained by PictoBlox. Images
were classified into four classes: Class A (clear PET with label and cap), Class B
(clear PET without label or cap), Class C (HDPE with label and cap), and Class D
(empty tray). The 1,496 images dataset was manually collected, labelled
and trained using PictoBlox’s built-in image learning feature by achieving 100%
accuracy on the images test set. Motor positioning validation was tested over
15 trials with result of a mean absolute error of 17.0°, while end-to-end system
testing over 56 trials achieved an overall system accuracy of 96.4%. The
validated prototype demonstrates technical feasibility and reliability, establishing a

foundation for future STEM-based learning activities. It offers a practical platform for
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students to engage with machine learning, embedded systems, engineering

design, and problem-solving through hands-on construction and testing.

Keywords: waste classification system, machine learning, recyclable waste sorting,

environment technology, smart waste management

Introduction

Nowadays, global solid waste generation continues to grow at an
alarming rate. The recycling management has been consider as a strategy for
environmental sustainable. The process of recyclable waste sorting was widely
used but still remain manually sorting by labour to classify the waste which
cause the error prone (Zhang et al., 2022). STEM (Science, Technology, Engineering,
and Mathematics) education frameworks, which promote active learing through
project-based work, promote development in both environmental awareness
and problem solving competencies (Alkair et al., 2023). The project-based STEM
activities which integrating embedded machine learning and Al tools were
enhance the learner motivation, deeply understanding the conceptual and
develop the analytical thinking skills (Omeh & Ayanwale, 2025).

Artificial intelligence (Al) and machine learning (ML) are increasingly used
in term of educational tools within STEM curricula. Al literacy is mostly important
recognised as foundational competency for future citizens and engineers (Ng et
al,, 2021), (Casal-Otero et al., 2023). The ‘kids making Al’ starting to demonstrate
strong learner engagement and integrating skill by practicing, hands-on Al leamning
experience including loT STEM kits for educational setting (Kusmin et al., 2018),
(Sakulkueakulsuk et al., 2018). Al education is broadly accessible to learners
having no prior experience in programming to cross the barrier of Al learning
platform, which can construct, train, and deploy functional classifiers within
structured learning activities (Pope et al., 2024). Al education is demonstrates
with evidence to launch with students from primary to university level (Kandlhofer

et al,, 2016). Physical computing and loT-based ecosystems have been designed
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to facilitate collaborative learning and motivate learners in educational contexts
(Katterfeldt et al., 2018), (Benita et al., 2021).

The convolutional neural networks (CNNs) in waste classification
management domain is demonstrated high accuracy across various type of
recycling tasks (Shi et al.,, 2021). However, the Al-based waste sorting prototype
was designed for STEM learning, validate the accuracy of system working before
deploying to classroom. This study focus on a Smart Electronics Classification
System integrated hardware design with Al-based learning to be presenting as a
tool for the learner on main system knowledge. The principal contributions are:
(i) low-cost system; (ii) the step-by-step investigation method of both
mechanical and Al system; and (iii) validated evidence of the prototype's
technical feasibility and reliability, establishing a foundation for future pedagogical

implementation and evaluation within STEM education.

Materials and method

1. System Overview

The Smart Electronics Classification System consists of two subsystems:
(1) a mechanical rotating platform driven by a DC motor, with three waste bins
positioned at 120° angular separations; and (2) a software subsystem running
on a laptop connected to a USB webcam, executing a PictoBlox program that
classifies captured images using an ML model to control the motor angular
positioning and gate opening state. This hardware-software subsystem is used
to examine the intelligent system that collects image data as reported in the
literature (Antora et al,, 2022), (Sirawattananon et al.,, 2021). Fig. 1 shows the
prototype system overview (a) photograph of the assembled prototype; (b)
annotated diagram identifying key components, including the rotating tray
assembly (three bins positioned at 120°, 240°, and 360°), the webcam, the servo
motor controlling the chute gate, and the Arduino Uno, relay module, and DC

motor housed beneath the turntable.
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Fig. 1 Prototype system overview: (a) photograph of the assembled prototype;
(b) annotated diagram identifying key components

The system communicates from hardware to software via Pictoblox
system. PictoBlox controls both ML inference and transferring classified commands
to Arduino Uno microcontroller system. Once the microcontroller receives a
command, it translates software commands into physical action to control the
DC motor and servo gate. Fig. 2 showing the electrical connections among the
Arduino Uno, relay module (active LOW), DC motor, servo motor, 9V power
adapter, and USB webcam. Two relay channels are used to reverse the polarity
supplied to the DC motor, controlling its rotation direction; the servo motor's
signal line is connected to a dedicated PWM-capable digital pin. The Arduino
Uno communicates with the host computer running PictoBlox via a USB serial
connection. This integration makes repeatable operation in the same result in

each classification cycle run to reduce human intervention.

3 RELAY MODULE (Actve LOW)

Fig. 2. Schematic of wiring diagrams
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2. Bin Positions and Motor Control

Three bins are fixed to the tumntable at 120°, 240°, and 360°, corresponding
to Classes A, B, and C respectively. A DC motor powers the tumntable. The system
uses timing-based control: each target angle is reached by running the motor
for a fixed duration. The motor was tested and verified to produce repeatable
rotation for a pre-calibrated duration corresponding to each target angle. Open-
loop control was chosen instead of encoder-based feedback to reduce build
complexity. This follows design principles for introductory STEM courses, where
simpler construction helps students focus on learning. Fig. 3 shows the rotation

schematic.

Type A Classification
(Rotate 120" clockwise)

A AR
D d

Type B Classification Type C Classification
(Rotate 240 clcckw:se) (Rotate 360" clockmse)

O @

Fig. 3. Schematic of the three-bin turntable. Bins A, B, and C are at 120°, 240°

0 Position (initial)

and 360°. The motor (M) is at the base.

3. Waste Class Definitions
Four waste classes are defined based on visual appearance, PET and
HDPE plastic bottles, the most commonly recyclable plastic types in consumer
waste streams (Schade et al., 2024):
+ Class A — Clear PET bottle with label and cap: fully intact, transparent
PET beverage bottle.
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 Class B — Clear PET bottle without label or cap: transparent PET
bottle with exterior markings removed, representing a realistic post-
consumer recycling scenario.

+ Class C — HDPE bottle with label and cap: white/translucent high-
density polyethylene (HDPE) bottle, distinguishable by opacity and
surface texture.

« Class D — Empty tray: no waste item is placed on the tray; the motor
remains stationary in this state.

4. Image Recognition Model: PictoBlox

The classification model is developed within PictoBlox using its built-in
image learning feature, which applies transfer learning based on MobileNet
architecture pre-trained on ImageNet, fine-tuned on a manually curated, domain-
specific dataset. MobileNet is a ligshtweight convolutional neural network
architecture designed for computationally constrained environments such as
mobile devices and standard laptops without a dedicated GPU. It achieves
this efficiency through depthwise separable convolutions, which factorize a
standard convolution into a per-channel depthwise convolution followed by a
1x1 pointwise convolution, substantially reducing parameters and computation
while retaining comparable feature-extraction capability. Since the model was
pre-trained on the large-scale ImageNet dataset, transfer learning required
fine-tuning only the final classification layers on the four-class waste dataset
rather than training from scratch, enabling the model to be trained within
PictoBlox on a standard laptop CPU in a short time, consistent with the system's
low-cost, classroom-deployable design goal. Training images were collected
and labelled by the researchers across four predefined classes: two variants of
clear PET bottles (Class A and Class B), one HDPE bottle category, and an empty
tray class. The empty tray class prevents the motor from running when no item
is present. The dataset comprises 1,496 images in total, partitioned into training

and test sets at an 75:25 ratio (1,122 training / 374 test images). Transfer learning
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reduced the number of training images needed compared to training from

scratch, and without requiring a GPU. This makes the approach suitable for

school-based projects. Table 1 summarises the training configuration.

Table 1 Model training configuration

Hyperparameter

Value

Model Architecture
Pre-trained Weights

Number of Classes (K)

Total Training / Test Samples
Training Epochs

Batch Size (N)

Learning Rate ()

Output Activation

Loss Function

MobileNet (Transfer Learning)

ImageNet

4 (Class A, B, C, D)

1,122 / 374 images (75:25 split)

10
16
0.0001

Softmax

Categorical Cross-Entropy

5. Dataset Collection and Composition

A total of 1,496 images were captured under controlled indoor lighting

using the external USB webcam. The dataset follows a 75:25 train-test partition

(1,122 training / 374 testing). Four waste classes were used. The dataset exhibits

an Imbalance Ratio (IR = Nuaw/Nmin = 462/159 =~ 2.91), calculated following the

maximum between-class ratio formula used to quantify imbalance severity in

CNN classification studies (Johnson & Khoshgoftaar, 2019). Table 2 presents the

per-class distribution.

Table 2 Dataset distribution across waste classes.

Train Train Test Test
Class Description Ratio
(n) (%) (n (%)
A Clear PET with label and cap 462 41.2% 154 41.2% 75:25
B Clear PET without label or cap 235 20.9% 75 20.1% 75.8:24.2
@ HDPE with label and cap 266 23.7% 96 257%  73.5:26.5
D Empty tray 159 14.2% a9 13.1%  76.4:23.6
Total 1,122 100% 374 100% 75:25
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6. Three-Step System Workflow
In each operating cycle, the system follows three steps, consistent with
the pipeline architecture of image-guided automated sorting systems as show
software control workflow in Fig.4 :

1) Image capture and ML classification: The webcam captures the
presented waste item; PictoBlox assigns it to one of four classes (A-D) and
reports a confidence percentage. If Class D (empty tray) is detected, no control
signal is transmitted and the motor does not activate, preventing incorrect bin
rotation.

2) Motor rotation: For Classes A-C, PictoBlox transmits a control
signal via serial communication to the Arduino Uno, which drives the DC motor
to rotate the turntable to the angular position corresponding to the predicted
class (120°, 240°, or 360°), aligning the correct bin under the chute opening.

3) Gate release and reset: The Arduino Uno actuates the servo-driven
gate to open, dropping the item into the correct bin. The gate then closes,

resetting the system. The system is then ready for the next cycle.

[ 1. Initial Home Position (Bin) ]

v

2. Gate Closed ]
]
[ 3. Image Classification ]4—

Target
Found?

Yes

F4. DC Motor rotate to target position ]

R’

5. Gate Open [

[ 6. Return to Home Position (Bin) ]

Fig. 4. Software control workflow
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7. Cost Analysis

Table 3 presents the bill of materials for the prototype, with a total
material cost of approximately 1,270 THB (= USD 38.5). All electronic components
(Arduino Uno, relay module, servo motor, DC motor, webcam, adapter, and
jumper wires) are reusable across multiple builds, as is the foam-board and
aluminum structural frame; only the hot glue is a single-use consumable. This
cost is consistent with figures reported in the literature for comparable low-
cost, Al or sensor-based waste-sorting and classification systems. A Raspberry
Pi-based embedded computer-vision system for classifying recyclable materials
was reported to cost £67.81 (» USD 85) in total hardware (Myers & Secco,
2021), while a multi-spectral near-infrared plastic-recognition sensor priced at
approximately £56 (= USD 70) substantially cheaper than conventional
spectroscopy-based sensors, which typically range from £6,000 to £50,000
(Martinez-Hernandez et al., 2024). Similarly, a per-unit hardware cost of USD
35-45 (excluding infrastructure and maintenance) for an loT-based smart
waste-bin monitoring system built from comparable microcontroller and sensor
components (Alnanih et al., 2025). At a larger deployment scale, machine-
learning-based automated sorting achieved a cumulative seven-year cost of
€12.76 million, compared to €21.47 million for conventional sorting methods,
underscoring the broader cost advantages of Al-driven approaches to waste
management (Farshadfar et al., 2025). These studies indicate that Al- and
embedded-system-based waste classification prototypes typically range from
approximately USD 35 to USD 85 at the hardware level, situating the present
system's cost of approximately USD 38.5 well within, and toward the lower

end of, this established range.
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Table 3 Bill of materials and estimated cost of the prototype
No. Component Qty Unit Price (THB) Total (THB)

1 Corrugated plastic board (1x1 m) 2 100 200
2 Hollow aluminum rod (&1 x 1 cm) 4 20 80
3 DC motor 1 100 100
4 Arduino Uno 1 250 250
5  Relay module (active LOW) 1 60 60
6  Servo motor (180°) 1 70 70
7 9V power adapter 1 100 100
8  Jumper wires 4 40 160
9  USB webcam 1 150 150
10 Rubber feet for aluminum posts (2x2 cm) 4 15 60
11 Hot glue sticks 10 4 a0

Total 1,270

Total: 1,270 THB (= USD 38.5, at an exchange rate of THB 33 = USD 1)

Results and discussion

1. Degree Validation

Before full system integration, the motor positioning subsystem was
validated independently. The turntable was commanded to each of the three
target angles (120°, 240°, and 360°) and the actual resulting position was measured
manually over 15 trials. This approach follows standard practice in automated
sorting system development (Sallang et al., 2021), (Sheng et al., 2020). Table 4
presents the results, and Fig. 5 plots the target versus measured angle across

all trials.

Table 4 Degree validation results.

Trial Target Angle (°) Estimated Angle (°) Error (°)
1 120 75 45
2 120 110 10
3 120 90 30
q 120 120 0
5 120 110 10
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Trial Target Angle (°) Estimated Angle (°) Error (°)

6 240 240 0

7 240 210 30
8 240 255 -15
9 240 220 20
10 240 255 -15
11 360 330 30
12 360 350 10
13 360 340 20
14 360 355 5

15 360 345 15

As shown in Fig. 5, positioning error is more variable at the 120° target
(Trials 1-5, errors: 0°-45°) than at the 240° and 360° targets (Trials 6-10 and
11-15, errors: 0°-30° and 5°-30°, respectively). Table 4 presents the degree
validation results across all three target positions (120°, 240°, and 360°), each
evaluated over five trials. The mean absolute positioning error (MAE) was 19.0°
at 120°, 16.0° at 240°, and 16.0° at 360°, yielding an overall MAE of 17.0° across
all 15 trials. At the 360° position, the estimated angle was consistently below
the target across all five trials, indicating a small systematic under-rotation bias
rather than random variation — likely reflecting mechanical slack or accumulated

timing drift over the longest angular displacement among the three positions.

Degree Validation: Target vs Estimated Angle

120° 240° 360°

3001

Angle (degrees)
g B
g g

7
Z

100+

Trial Number

—e— Target Angle —k - Estimated Angle

Fig. 5 Degree validation: target versus estimated motor angle across 15 trials

(Trials 1-5: 120° Trials 6—10: 240° Trials 11-15: 360°)
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2. Testing
2.1 Testing on Degree Rotation
System-level motor rotation testing evaluates functional accuracy
(whether the waste item lands in the correct bin) rather than exact angular
precision. If the error stays within the bin's angular span, the item still lands
correctly, otherwise the item lands in the wrong bin. System-level motor rotation
was evaluated over 18 trials covering all three bin positions, starting from a

defined home position at the start of each trial. Table 5 presents the results.

Table 5 Motor rotation testing results (18 trials).

Trial Target Time (s) Angle (°) Result Correct Remarks
1 0.46 120 A 1 Correct
2 A 0.29 120 1 Correct
3 A 0.45 120 A 1 Correct
a4 A 0.41 120 A 1 Correct
5 A 0.56 120 A 1 Correct
6 A 0.41 120 A 1 Correct
7 B 0.76 240 B 1 Correct
8 B 0.56 240 A 0 Wrong — A
9 B 1.31 240 B 1 Correct
10 B 1.16 240 B 1 Correct
11 B 1.18 240 A 0 Wrong — A
12 B 1.55 240 B 1 Correct
13 C 1.88 360 A 0 Wrong — A
14 C 2.18 360 C 1 Correct
15 C 1.98 360 C 1 Correct
16 C 1.79 360 C 1 Correct
17 C 1.88 360 C 1 Correct
18 C 1.9 360 C 1 Correct

Position A (120°) achieved 6/6 = 100%. Position B (240°) achieved
4/6 = 66.7%, failing at Trials 8 and 11. Position C (360°) achieved 5/6 = 83.3%,
failing at Trial 13. Overall motor positioning accuracy was 15/18 = 83.3%. This
reflects cumulative timing error over longer travel arcs, a known issue with open-

loop motor control in low-cost embedded system:s.

Vol.14 Issue.2 (May — August 2026) | Uil 14 atuil 2 (WouNIAY - F9AN 2569)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

24 R . A Ao o
NTETIEImaniLaziialulad UMNINYI[YINTNNBNITIU

2.2 Classification by Machine Learning

Fifty-six previously unseen objects spanning all four classes were
presented to the trained PictoBlox ML model, as shown in Fig. 6. Table 6 presents
the classification results and confidence scores. Of 56 samples, 54 were correctly
classified, yielding an overall accuracy of 96.4%. The transfer learning framework
implemented via PictoBlox has achieved high classification effectiveness in prior
waste classification studies (Rabano et al., 2018), and the present results are
consistent with these findings.

Both misclassifications (samples 10 and 14) involved Class B items
predicted as Class A — a pattern attributable to the high visual similarity between
the two categories, as both are transparent PET bottles differing only by the
presence or absence of a label and cap. As illustrated in Fig. 8, all misclassifications
occurred in Class B, while Classes A, C, and D achieved zero classification errors,
likely because removing the label and cap makes Class B harder to distinguish
from Class A. Similar confusion between visually similar classes and class imbalance
effects has been reported in broader recyclable plastic classification systems
(Wu et al., 2023).

As shown in Fig. 8, the confidence scores of misclassified samples
(58%-72%) were substantially lower than the mean confidence of correct
predictions (92.1%). Every correctly classified sample retained a confidence of
at least 77%, indicating a clear separation between correct and incorrect predictions
at this operating point. Fig.7 presents the accuracy and loss curves over 10

training epochs.

Output Output Output

Class A [ TRV [ ] 12% Class A | 3% Class A ] 4%
Class B | 1% Class B DE s 0% Class B | 2%
Class C [} 7% Class C 0% Class C O o 0%
Class D 0% Class D 0% Class D 0% Class D %

Fig. 6 PictoBlox classification output examples for each waste class: Class A
(clear PET with label and cap), Class B (clear PET without label or cap),
Class C (HDPE with label and cap), and Class D (empty tray)
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Table 6 Machine learning classification results (56 trials).

Sample True Predicted Correct Conf.(%) Remarks
1 A A 1 91% Correct
2 B B 1 92% Correct
3 C C 1 99% Correct
[ D D 1 82% Correct
5 A A 1 92% Correct
6 B B 1 89% Correct
7 C C 1 97% Correct
8 D D 1 84% Correct
9 A A 1 85% Correct
10 B A 0 72% Misclassified — A
11 C C 1 98% Correct
12 D D 1 T7% Correct
13 A A 1 78% Correct
14 B A 0 58% Misclassified — A
15 C C 1 98% Correct
16 D D 1 80% Correct
17 A A 1 99% Correct
18 B B 1 90% Correct
19 C C 1 98% Correct
20 D D 1 96% Correct
21 A A 1 98% Correct
22 B B 1 95% Correct
23 C C 1 95% Correct
24 D D 1 94% Correct
25 A A 1 89% Correct
26 B B 1 99% Correct
27 C C 1 93% Correct
28 D D 1 95% Correct
29 A A 1 98% Correct
30 B B 1 98% Correct
31 C C 1 94% Correct
32 D D 1 96% Correct
33 A A 1 94% Correct
34 B B 1 100% Correct
35 C C 1 97% Correct
36 D D 1 94% Correct
37 A A 1 94% Correct
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Sample True Predicted Correct Conf.(%) Remarks
38 B B 1 79% Correct
39 C C 1 91% Correct
40 D D 1 95% Correct
41 A A 1 85% Correct
a2 B B 1 81% Correct
43 C C 1 92% Correct
a4 D D 1 86% Correct
45 A A 1 98% Correct
46 B B 1 98% Correct
a7 C C 1 92% Correct
48 D D 1 93% Correct
49 A A 1 91% Correct
50 B B 1 88% Correct
51 C C 1 86% Correct
52 D D 1 98% Correct
53 A A 1 86% Correct
54 B B 1 93% Correct
55 C C 1 94% Correct
56 D D 1 97% Correct
TS
i..
2ow o

Epochs Epochs

Fig. 7 Training and test accuracy (left) and cross-entropy loss (right) across 10
epochs. Both metrics converge by epoch 2, indicating rapid Transfer Learning

convergence without overfitting.

As shown in Fig. 7, rapid convergence within two epochs reflects the
efficiency of transfer learning: pre-learned features from MobileNet required

minimal adaptation for the plastic bottle classification task. The 100% test accuracy
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matches results reported in transfer learning-based waste classifiers under similar
laboratory conditions. The gap between test accuracy (100%) and real-world
accuracy (96.4%) is common in applied deep learning, where controlled test

conditions rarely reflect real-world variation.

100% ® . .. .' 'p
> S S 2
a0 % o
-® o ..o
a0 o & ..

Confidence (%)

@ Conect prediction (n=54)
0% = Misclassified (=2, al Class 8)
== Suggested threshald (75%)

Class A Class B Class C Class D
(PET w/ label & cap) {PET wia label & cap) (HDPE wi label & cap) (Empty tray)
True class

Fig. 8 Classification confidence score grouped by true class (n = 56 trials).
Blue circles = correct predictions; orange diamonds = misclassified samples

(Samples 10, 14).

2.3 Generalization test

Data test images were captured under two lighting conditions (standard
room lighting; white LED lighting with room lights off), four viewing angles (10-
20°, 45°, 45-50°, and 50-60° tilt), and three background conditions (the original
background, a cluttered background, and a tile-floor background).

The model achieved an overall accuracy of 96.4% (54/56) on this
generalization test. Table 7 reports per-class accuracy, precision, recall, and
F1l-score, and Table 8 presents the corresponding confusion matrix. Classes A,
C, and D achieved 100% accuracy, while Class B achieved 85.7%, with two
images misclassified as Class A. Both misclassifications occurred at a shallow
viewing angle (10-20°) against a cluttered background, with comparatively low
prediction confidence (72% and 58%, versus a mean above 90% for correct

predictions).
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Table 7 Per-class accuracy, precision, recall, and Fl-score (n = 56):

Class n tested ncorrect Accuracy (%) Precision Recall F1-score
A 14 14 100.0 0.875 1.000 0.933
B 14 12 85.7 1.000 0.857 0.923
C 14 14 100.0 1.000 1.000 1.000
D 14 14 100.0 1.000 1.000 1.000
Macro avg. 56 54 96.4 0.969 0.964 0.964

Table 8 Confusion matrix (n = 56):

True \ Predicted A B C D
A 14 0 0 0
B 2 12 0 0
C 0 0 14 0
D 0 0 0 14

2.4 Three-Step System Integration Performance

The end-to-end three-step cycle was evaluated across all 56 trials.
Steps 2 and 3 (motor rotation and gate control) executed correctly in every trial
where Step 1 produced a valid prediction. Both failures came from Step 1
misclassification.

Compared with CNN-based waste classification systems that typically
achieve 87.20%-96.31% accuracy on the TrashNet benchmark (Tian et al., 2024),
the 96.4% accuracy of this educational prototype is appropriately modest given

its open-loop control and controlled-environment dataset.

Conclusion

This study presents a low-cost Al-based recyclable waste classification
system for future STEM education, integrating a DC motor-driven three-bin
rotating turntable with a transfer learning classifier implemented via PictoBlox

to distinguish four plastic bottle categories (Classes A-D).
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Three key performance metrics were obtained. First, the image
classification model achieved 96.4% accuracy on an independent generalization
test using 56 unseen objects, showing that transfer learning via PictoBlox
generalizes well beyond the training dataset of 1,496 images. Second, degree
validation revealed a mean absolute error of 17.0° over 15 positioning trials,
quantifying the limitations of open-loop timing-based motor control. Third,
end-to-end integration testing across 56 trials yielded 96.4% overall accuracy.
Both failures were attributable to visual similarity between Class A (labelled
PET) and Class B (unlabelled PET), with misclassified samples returning lower
confidence scores (mean 65%) compared with correct predictions (mean 92.1%).

The system demonstrates potential to support hands-on, inquiry-based
leamning through apparatus construction, controller programming, and independent
analysis. Students can develop critical thinking, interdisciplinary thinking, and
problem-solving skills across future STEM subjects in secondary students as a
field of energy and environment topics. It will be integrated with foundational
instruction in programming (C language) and artificial intelligence to support
project-based learning on waste management and environmental sustainability.

While data augmentation techniques such as random rotation, zoom,
and brightness adjustment were not applied during training-set preparation, the
model's robustness to precisely these variations was empirically demonstrated
through the generalization test (Section 2.3), which evaluated performance
across varied lighting, viewing-angle, and background conditions and achieved
96.4% accuracy. Building on this demonstrated robustness, incorporating data
augmentation into future training cycles represents a natural next step to further
strengthen model generalization ahead of deployment in diverse real-world

classroom settings.
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Abstract

This research aimed to: 1) study and compile knowledge regarding the
long-boat racing tradition; 2) develop an information system for managing
knowledge related to this tradition; and 3) evaluate the system's performance
and user satisfaction. The study employed a Research and Development (R&D)
methodology divided into three phases. Part 1 involves studying and gathering
knowledge regarding the long-boat racing tradition by interviewing six experts—
individuals possessing local wisdom, experience, and expertise in the long-boat
racing traditions of Northeastern Thailand—and assessing system requirements
through interviews with these experts as well as 360 members of Northeastern
long-boat racing groups. Using proportional stratified sampling with a questionnaire
having a reliability coefficient of 0.960, five experts in information systems
development and traditional longboat racing assessed the Index of Content
Validity (I0C), which was found to be between 0.60 and 1.00, indicating that
the questionnaire demonstrated a good level of content validity. It was pilot-
tested with 30 boat team members (excluding the actual sample group), and
the reliability of the entire questionnaire was calculated using Cronbach’s alpha
coefficient. Part 2: System Design and Development. The system was developed
using PHP for programming, MySQL for database management, and the Windows
operating system. Tools used included XAMPP (to simulate a personal computer
acting as a web server), web browsers (Internet Explorer and Google Chrome),
and Notepad. Part 3 involved evaluating the system's efficiency with five experts
and assessing user satisfaction among 250 long-boat racing team members,
utilizing a sample size calculation formula such as Taro Yamane’s at a 95%
confidence level. The satisfaction questionnaire demonstrated a reliability
coefficient of 0.975. An assessment of the Index of ltem-Objective Congruence
(I0Q) indicated a good level of content validity. Interview data were analyzed
using content analysis, while quantitative data were analyzed using statistical

measures, including frequency, percentage, mean, and standard deviation.
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The research findings were as follows: 1. The body of knowledge
regarding the longboat racing tradition comprised five aspects: (1) the history
and development of the tradition; (2) boat construction and maintenance;
(3) the team preparation process; (4) rules, regulations, competition schedules,
and results; and (5) experiences and best practices. The desired characteristics
of the information system included support for various types of media, ease
of searching, a space for knowledge exchange, and the ability to continuously
import and update knowledge. 2. The information system for managing knowledge
of the longboat racing tradition developed by the researcher consisted of a
database covering all five aspects of knowledge, as well as team and athlete
data, competition data, and ritual data. The system met user requirements and
included a menu that allowed longboat members to exchange knowledge.
Users were divided into three groups: administrators, members, and general
users. 3. The results of the system efficiency evaluation conducted by five
experts indicated that the overall system efficiency was at the highest level
(X= 4.76, S.D. = 0.39). The aspect with the highest mean score was system
security, which was also at the highest level (X= 4.93, S.D. = 0.18) 4. The results
of the evaluation of user satisfaction with the information system indicated
that overall satisfaction was at the highest level (X= 4.56, S.D. = 0.64), The aspect
with the highest mean score was system performance, which was at the highest

level (X=4.70, S.D. = 0.73)

Keywords: Information Systems, Knowledge Management, Longboat racing

tradition
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Abstract

This research aims to enhance the efficiency of a semi-automated system
for extracting, gathering, and spatially analyzing flood event data from online
news in Thailand. It addresses the limitations of the previous system, which
was built on Python and Named Entity Recognition (NER) techniques like
WangchanBERTa model, which suffered from complexity in handling unstructured

data and multi-step workflows. The proposed system leverages a JavaScript
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and Node.js-based architecture to manage web scraping tasks, integrated with
n8n workflow automation as the user interface, and utilizes Gemini Flash 2.5 API
(a Large Language Model: LLM) to process natural language, extract spatiotemporal
entities (date, location, and province), summarize news content, and evaluate
disaster severity levels. The system was evaluated using a dataset of 555 flood-
related news articles from 2024. The experimental results demonstrated that
the proposed system reduced the total processing time from 1,125 seconds
(19 minutes) to 788 seconds (13 minutes), indicating a 29.95% reduction in
computation time. In terms of data quality, the LLM exhibited higher extraction
accuracy than the traditional NER, successfully handling complex sentence
structures, resolving linguistic ambiguities, and capturing additional dimensions
such as severity ratings that the previous system could not classify. The findings
suggest that the redesigned system offers superior development flexibility and
cross-platform integration, facilitating high-quality data preparation for heatmaps
and policy-level spatial analysis to support semi-real-time warning systems.
Nevertheless, deploying this system at scale requires careful consideration of
data privacy and security during external API calls, as well as the cost management

of language model token consumption.

Keywords: Workflow Automation, Large Language Models, Information Extraction,

Natural Language Processing, Flood Disaster Warning
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Abstract

Anemia is a common hematologic abnormality in dogs and may occur
in association with various underlying diseases. However, previous studies have
described causes of anemia or focused on specific diseases, while information
on diseases associated with anemia in dogs remains limited. This retrospective
study investigated disease classifications, anemia severity, primary diagnoses,
and concurrent diseases in anemic dogs presented to a veterinary teaching
hospital in Northeast Thailand. Medical records and hematologic results from
January to December 2024 were retrospectively reviewed. Dogs with a PCV <37%
were considered anemic, and dogs younger than six months of age or with
acute blood loss were excluded. Of 4,682 dogs identified, 1,013 (21.6%) were
included in the study. Neoplasia was the most common disease classification
(24.9%), with mild anemia predominating, followed by vector-borne infectious
diseases (20.2%) and CKD (16.6%), in which mild anemia also predominated.
Moderate anemia predominated in vector-borne infectious, systemic bacterial

infectious, and immune-mediated diseases. Bone marrow disorders had the
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highest proportions of severe and very severe anemia, and anemia severity
differed significantly among disease classifications (p <0.0001). CKD was the
most common primary diagnosis (15.8%), followed by ehrlichiosis (9.3%), and
concurrent diseases were frequently identified. Overall, the findings demonstrate
that anemia severity varies among disease classifications and that concurrent

diseases are common in anemic dogs.

Keywords: Disease classifications, Anemia severity, Concurrent diseases

Introduction

Anemia is one of the most frequently identified hematologic abnormalities
in canine patients and may occur as a consequence of various underlying
diseases (Borin-Crivellenti et al., 2023; Stokol, 2024). Reduced red blood cell
mass decreases tissue oxygen delivery and can cause lethargy, weakness, and
exercise intolerance (Grimes & Fry, 2015). In clinical practice, identification of
anemia provides an opportunity to investigate the underlying causes of anemia,
including both primary diseases and concurrent conditions (Liu & Su, 2015).
Therefore, evaluation of anemia severity and concurrent diseases associated
with hematologic changes may provide information for diagnosis and clinical
management (Lippi et al., 2021).

Pathogenesis of anemia occurs through three mechanisms, including
decreased erythrocyte production, increased erythrocyte destruction, and
blood loss (Stokol, 2024). The mechanism of anemia varies according to the
underlying disease and may influence both anemia severity and associated
hematologic abnormalities (Chikazawa & Dunning, 2016). Therefore, evaluating
anemia severity and hematologic characteristics across different disease
classifications may improve understanding of disease-associated hematologic
patterns and provide clinically relevant information for diagnostic evaluation

and case management (Lippi et al., 2021; Thongsahuan et al., 2020).
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Although previous studies have investigated anemia associated with
specific diseases, including chronic inflammatory disease, immune-mediated
hemolytic anemia, vector-borne disease, chronic kidney disease, and neoplasia,
most investigations have focused on individual disease entities rather than
evaluating the distribution and severity of anemia across diverse underlying
diseases (Parachini-Winter et all., 2019; Grimes & Fry, 2015, Little, 2010).
Furthermore, although previous studies have described the causes of anemia
or focused on specific diseases, a comprehensive understanding of diseases
associated with anemia in dogs remains limited. These findings may provide
useful baseline information for future clinical and epidemiological studies.
Therefore, the objective of this retrospective study was to investigate disease
classifications, anemia severity, primary diagnoses, and concurrent diseases in

anemic dogs presented to a veterinary teaching hospital in Northeast Thailand.

Materials and Methods

1. Inclusion criteria and study population: A retrospective observational
study was conducted using medical records and the laboratory database of
dogs presented to the Veterinary Teaching Hospital, Khon Kaen University,
Khon Kaen, Thailand, between January and December 2024. The database
was searched to identify dogs with anemia based on packed cell volume (PCV)
values below 37%.

Dogs were included if they fulfilled the following criteria: (1) PCV <37%,
indicating anemia; and (2) sufficient clinical information was available to
determine the primary diagnosis and classify cases into disease classifications.
Dogs younger than six months of age, dogs with acute blood loss, incomplete
medical records, an unavailable primary diagnosis, or insufficient clinical
information were excluded from the study. Dogs with acute blood loss were
excluded because the present study evaluated anemia associated with

underlying diseases, whereas acute blood loss represents a different etiology
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of anemia (Paltrinieri, 2014). For dogs with multiple disease conditions, the
primary diagnosis was assigned by the researchers based on the condition
considered most clinically important and most relevant to the principal clinical
presentation and to anemia, as determined from medical records, laboratory
findings, and underlying pathophysiological mechanisms. Predefined decision
rules and priority criteria were used to determine the primary diagnosis when
multiple disease conditions were present. Other coexisting conditions were
recorded separately as concurrent diseases.

2. Diagnostic criteria for major diseases: Major disease diagnoses were
determined based on clinical diagnoses documented in the medical records
and supported by available laboratory and diagnostic findings. For dogs with
multiple conditions, predefined decision rules and priority criteria were used
to assign the primary disease classification. CKD was assigned the highest priority
based on RIS staging using serum creatinine and/or SDMA, with substaging by
proteinuria and blood pressure (Elliott & White, 2023). IMHA, including suspected
IMHA, and blood-smear-confirmed Ehrlichia canis infection were prioritized over
CKD, with IMHA prioritized when both were identified (Garden et al., 2019; Neer
et al,, 2002). Blood-smear-confirmed or serology-positive E. canis infection was
classified as vector-borne infectious disease when no other primary disease was
identified. Pancreatitis was classified as inflammatory when occurring alone or
with SIRS, or as associated with systemic disease when accompanied by sepsis
or DKA (Behrend et al., 2018; Fabrés et al., 2019). Cases with pancytopenia, bone
marrow suppression, or primary bone marrow disease were classified as bone
marrow disorders (Girardi et al., 2017).

3. Data collection: Clinical information was retrospectively obtained
from medical records and the laboratory database. Recorded variables included
primary diagnoses, concurrent diseases, disease classifications, and anemia
severity. The PCV value obtained during the initial diagnostic evaluation was

used to classify anemia severity.
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4. Classification of underlying diseases: Dogs were retrospectively assigned
to disease classification groups according to the underlying pathophysiologic
process associated with the clinical diagnosis. The following nine disease
classifications were used: vector-borne infectious diseases, neoplasia, systemic
bacterial infectious diseases, chronic kidney disease, immune-mediated diseases,
inflammatory diseases, bone marrow disorders, endocrine and metabolic
diseases, and other diagnoses. Vector-borne infectious diseases included
ehrlichiosis (Ehrlichia spp.), anaplasmosis (Anaplasma spp.), babesiosis (Babesia
spp.), trypanosomiasis (Trypanosoma spp.), and microfilaremia. Neoplasms were
further classified by tumor type when specified; cases without a specified tumor
type were classified as unspecified neoplasia. Systemic bacterial infectious
diseases included sepsis, leptospirosis, pyometra, septic metritis, septic
peritonitis, bacterial pneumonia, and melioidosis. Inflammatory diseases included
pancreatitis, chronic inflammatory enteropathy, pythiosis, aspergillosis, and other
inflamsmatory disorders. Endocrine and metabolic diseases included diabetic
ketoacidosis and other endocrine or metabolic disorders. Other diagnoses
included cases that could not be classified into the predefined disease categories.
Each dog was assigned to only one primary disease classification to allow
comparison of anemia characteristics among disease groups.

5. Classification of anemia severity: Anemia severity was classified
according to PCV values based on previously described criteria (Feldman et al.
2000). Dogs were categorized as having mild (PCV 30-36%), moderate (PCV 20-
29%), severe (PCV 13-19%), or very severe anemia (PCV <13%). The distribution
of anemia severity was evaluated among disease classifications (Tvedten, 2022).

6. Statistical analysis: Categorical variables were presented as numbers
and percentages. The distributions of disease classifications, primary diagnoses,
concurrent diseases, and anemia severity were summarized using descriptive
statistics. Differences in anemia severity among disease classifications were
assessed using the Fisher—Freeman-Halton exact test with Monte Carlo simulation.

A p-value <0.05 was considered statistically significant.
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Results

A total of 4,682 dogs were identified from the Clinical Laboratory
database of the Veterinary Teaching Hospital, Faculty of Veterinary Medicine,
Khon Kaen University, Thailand, between January and December 2024. Medical
records and hematologic results were retrospectively reviewed. Dogs with a
packed cell volume (PCV) >37% and cases with incomplete diagnostic or
hematologic information were excluded. Of the remaining dogs, 1,252 (26.7%)
were identified as anemic (PCV <37%). Subsequently, dogs younger than six
months of age and those diagnosed with acute blood loss were excluded. The
final study population consisted of 1,013 (21.6%) anemic dogs. The distributions
of disease classifications, anemia severity, primary diagnoses, and concurrent

diseases in anemic dogs are presented in the following sections.

Dogs identified from the Clinical Laboratory database
of the Veterinary Teaching Hospital,
Faculty of Veterinary Medicine,
Khon Kaen University, Thailand
between January and December 2024

(n=4,682)

(n=3,430)

+ Packed cell volume (PCV) 237%
(n=3,274)

« Incomplete diagnostic or
hematologic information (n = 156)

(n =1,252, 26.7% of 4,682)

‘ Anemic dogs (PCV <37%) ’

Excluded (n = 239)

« Younger than six months of age
(n=182)

+ Diagnosed with acute blood loss
(n=57)

Resulting in a final study population
(n = 1,013, 21.6% of 4,682)
anemic dogs

Fig. 1 Flow diagram of the study population.

1. Distribution of disease classifications and primary diagnoses

The distribution of disease classifications showed that neoplasia was
the most frequently identified disease classification, accounting for 24.9%
(252/1,013) of cases, followed by vector-borne infectious diseases (20.2%,

205/1,013), CKD (16.6%, 168/1,013), and other diagnoses (15.6%, 158/1,013).

Vol.14 Issue.2 (May — August 2026) | Uit 14 atud 2 (Woun1AY - FWAL 2569)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIMEIeansuazmalulag WIneaus1vinenssnd

Systemic bacterial infectious diseases and inflammatory diseases accounted
for 8.4% (85/1,013) and 7.7% (78/1,013) of cases, respectively, whereas immune-
mediated diseases, endocrine and metabolic diseases, and bone marrow
disorders each accounted for less than 5% of cases (Figure 2).

2. Severity of anemia according to disease classification

Among the 1,013 anemic dogs, mild anemia was the most common
severity (568/1,013; 56.1%), followed by moderate anemia (336/1,013; 33.2%).
Severe (80/1,013; 7.9%) and very severe anemia (29/1,013; 2.9%) were less
common. Anemia severity was significantly associated with disease classification
(Fisher-Freeman-Halton exact test with Monte Carlo simulation, p < 0.0001)
(Table 1). Mild anemia was the predominant severity in five of the nine disease
classifications, including neoplasia (175/252; 69.4%), CKD (87/168; 51.8%),
inflammatory diseases (54/78; 69.2%), endocrine and metabolic diseases (16/26;
61.5%), and other diagnoses (114/158; 72.2%). By contrast, moderate anemia
predominated in dogs with vector-borne infectious diseases (88/205; 42.9%),
systemic bacterial infectious diseases (40/85; 47.1%), and immune-mediated
diseases (17/36; 47.2%). Bone marrow disorders had the highest proportions of
severe and very severe anemia, with each accounting for 40.0% (2/5) of cases,

whereas mild anemia was not observed in this disease classification.

Neoplasia 252 (24.9%)

Vector-borne

Infectious diseases 205 (20.2%)

Chronic kidney
di 168 (16.6%)

Other diagnoses 158 (15.6%)
Systemic bacterial

infectious diseases 85 04%)

Inflammatory

gt 78 (7.7%)

Immune-mediated

alindd 36 (3.6%)

Disease classification

Endocrine and

metabolic diseases 26 (2.6%)

Bone marrow

disorders 1| 5 (05%)

0 50 100 150 200 250 300
Number of cases (n)

Fig. 2 Distribution of disease classifications among canine anemia cases.
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Table 1 Severity of anemia according to disease classification

. Mild Moderate Severe Very severe
Causes of anaemia . . . . Total
anemia anemia anemia anemia
80 88 26 11
Vector-borne infectious diseases 205
(39.0%) (42.9%) (12.7%) (5.4%)
) 175 66 8 3
Neoplasia 252
(69.4%) (26.2%) (3.2%) (1.2%)
36 40 5 q
Systemic bacterial infectious diseases 85
(42.4%) (47.1%) (5.9%) (4.7%)
87 59 19 3
Chronic kidney disease 168
(51.8%) (35.1%) (11.3%) (1.8%)
6 17 10 3
Immune-mediated diseases 36
(16.7%) (47.2%) (27.8%) (8.3%)
54 20 a4 0
Inflammatory diseases 78
(69.2%) (25.6%) (5.1%) (0.0%)
0 1 2 2
Bone marrow disorders 5
(0.0%) (20.0%) (40.0%) (40.0%)
16 10 0 0
Endocrine and metabolic diseases 26
(61.5%) (38.5%) (0.0%) (0.0%)
) 114 35 6 3
Other diagnoses 158
(72.2%) (22.2%) (3.8%) (1.9%)
568 336 80 29 1,013
Total
(56.1%) (33.2%) (7.9%) (2.9%) (100%)

Data are presented as n (%). Percentages in the disease classification rows were calculated within
each disease classification. Percentages in the total row (italicized) were calculated based on the

total number of anemic dogs (n = 1,013).

3. Primary diagnoses of anemic dogs

Among the 1,013 anemic dogs included in the study, CKD was the most
common primary diagnosis, accounting for 15.8% (160/1,013), followed by
ehrlichiosis (9.3%, 94/1,013), mast cell tumor (MCT) (5.5%, 56/1,013), pyometra
(4.3%, 44/1,013), lymphoma (4.0%, 41/1,013), pancreatitis (3.8%, 39/1,013),
myxomatous mitral valve disease (MMVD) (3.5%, 35/1,013), anaplasmosis (3.4%,
34/1,013), immune-mediated hemolytic anemia (IMHA) (2.4%, 24/1,013), and
transmissible venereal tumor (TVT) (1.8%, 18/1,013) (Table 2). Each of the

remaining primary diagnoses accounted for less than 1% of the study population.
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Table 2 Primary diagnoses of anemic dogs.
Primary diagnosis Number % (n = 1,013)
Chronic kidney disease (CKD) 160 15.8
Ehrlichiosis 94 9.3
Mast cell tumor 56 55
Pyometra a4 4.3
Lymphoma 41 4.0
Pancreatitis 39 3.8
Myxomatous mitral valve disease (MMVD) 35 35
Anaplasmosis 34 3.4
Immune-mediated hemolytic anemia (IMHA) 24 2.4
Transmissible venereal tumor (TVT) 18 1.8

The table presents the most common primary diagnoses. All remaining primary diagnoses each

represented less than 1% of the total study population.

4. Concurrent diseases in anemic dogs

The most common concurrent diseases associated with each primary
diagnosis are presented in Table 3. Dogs with primary CKD exhibited the greatest
diversity of concurrent diseases, including single-, double-, and multi-disease
combinations. Ehrlichiosis was the most frequently identified concurrent disease
in dogs with CKD (33/160; 20.6%), followed by pancreatitis (24/160; 15.0%) and
coinfection with ehrlichiosis and anaplasmosis (17/160; 10.6%). In dogs with
primary ehrlichiosis, anaplasmosis was the most common concurrent disease
(54/94; 57.4%), followed by babesiosis (4/94; 4.3%). Mild anemia predominated
among dogs with concurrent CKD and pancreatitis (15/24), whereas concurrent
CKD and ehrlichiosis were observed across all anemia severity categories.
Coinfections involving ehrlichiosis and anaplasmosis were identified in several

primary diagnoses, including concurrent pancreatitis in a small number of dogs.
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Table 3 Most common concurrent diseases and anemia severity

Very *Total, n

Concurrent disease Mild Moderate Severe
severe (%)

Ehrlichiosis 12 13 7 1 33 (20.6)

Pancreatitis 15 9 0 0 24 (15.0)

MMVD* 1 2 1 0 4(2.5)
Chronic kidney

Ehrlichiosis, Anaplasmosis 6 6 5 0 17 (10.6)
disease (CKD)

Ehrlichiosis, Pancreatitis 1 2 1 1 5(3.1)

Ehrlichiosis, Anaplasmosis,

1 1 1 0 3(1.9)

Pancreatitis

Anaplasmosis 21 25 5 3 54 (57.4)
Ehrlichiosis Babesiosis 0 3 0 1 4(4.3)

Anaplasmosis, Pancreatitis 0 1 0 0 1 (L)

Acute kidney injury 3 0 0 0 3(6.8)

Ehrlichiosis 0 3 0 0 3(6.8)
Pyometra

Sepsis 0 3 0 0 3(6.8)

Ehrlichiosis, Anaplasmosis 1 3 0 0 4(9.1)
Pancreatitis Ehrlichiosis 2 1 0 0 3(7.7)
Immune-mediated
hemolytic anemia  Pancreatitis 1 2 1 0 4(16.7)

(IMHA)

* Percentages were calculated using the number of dogs within each primary diagnosis as the
denominator (N = 1,013). ¥ MMVD = myxomatous mitral valve disease.
T Only the most common concurrent disease combinations are shown. Combinations with <3 cases

were excluded, except for clinically relevant vector-borne co-infections.

Discussion

The results of our retrospective study demonstrate that neoplasia was
the most commmon disease classification associated with anemia (24.9%), followed
by vector-borne infectious 20.2%. Neoplasia was reported to be a common
cause of anemia (Chervier et al., 2012; Liu & Su, 2015). This finding is consistent
with the pathophysiology of cancer-associated anemia, which typically develops
gradually as a manifestation of chronic disease (Chikazawa & Dunning, 2016).

Persistent inflammation associated with neoplastic conditions promotes the
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production of pro-inflammatory cytokines, leading to impaired erythropoietin
responsiveness and suppression of erythropoiesis (Weiss et al., 2019). In addition,
chronic occult blood loss, nutritional deficiencies, and aging in dogs may also
contribute to anemia in affected dogs.

Vector-borne infectious diseases accounted for 20.2% of anemic dogs in
the present study. This prevalence was comparable to that reported in France
(17.2%) by Bouzouraa et al. (2017), but lower than the approximately 30%
reported by Lippi et al. (2021). The prevalence of vector-borne infections
observed in this study may reflect the endemicity of tick-borne pathogens in
Thailand. Ehrlichia spp. is an important cause of canine anemia, which may
result from immune-mediated erythrocyte destruction, hemorrhage secondary
to thrombocytopenia, bone marrow suppression, or a combination of these
mechanisms (Little, 2010). Differences across studies may reflect variation
in pathogen endemicity, vector distribution, diagnostic methods, and study
populations (Bouzouraa et al., 2017).

When the severity of anemia was evaluated, distinct patterns were
observed across disease categories. Mild anemia predominated in dogs
with CKD and neoplasia, consistent with anemia associated with chronic
disease. Moderate anemia was more frequently observed in dogs with vector-
borne infectious and immune-mediated diseases, reflecting the underlying
pathophysiology. In CKD, anemia develops gradually due to persistent
inflammation, shortened erythrocyte lifespan, and the inhibitory effects of
uremic toxins on erythropoiesis (Borin-Crivellenti et al., 2023; Lippi et al., 2021).
Moreover, infectious and immune-mediated diseases often result in a more
rapid reduction in circulating erythrocytes through hemolysis, hemorrhage, or
both (Garden et al., 2019). Although bone marrow disorders accounted for a
small proportion of anemic dogs in the present study, they were associated
with the most severe hematologic abnormalities, consistent with impaired

hematopoiesis due to primary or secondary bone marrow disease (Little, 2010).
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This finding reflects the marked reduction in erythrocyte production associated
with bone marrow failure, in contrast to diseases in which anemia results from
erythrocyte destruction or blood loss (Grimes & Fry, 2015). Bone marrow
disorders also frequently affect multiple hematopoietic cell lines, explaining
the severe hematologic abnormalities observed in the present study (Weiss,
2006).

Concurrent diseases were frequently identified in anemic dogs, particularly
among those with CKD, which exhibited the greatest diversity of concurrent
disease combinations. Ehrlichiosis was the most common concurrent disease
in dogs with CKD, whereas CKD was also frequently identified in dogs with
Ehrlichia spp. infection, consistent with previous studies suggesting that chronic
ehrlichiosis may contribute to renal injury through immune complex deposition
(Burton et al., 2020; Crivellenti et al.,, 2021). In contrast, anaplasmosis was the
most common concurrent disease in dogs with ehrlichiosis, reflecting the
endemic nature of tick-borne diseases in northeastern Thailand and the potential
for coinfection in areas with high tick exposure. These findings suggest that
concurrent diseases may be associated with differences in anemia severity in
some disease groups; however, the retrospective study design limits interpretation
of this relationship, and it cannot be determined whether these concurrent
diseases contributed to these differences. Collectively, these findings indicate
that anemia is frequently influenced by multiple concurrent pathological
processes rather than a single underlying disease, highlighting the importance
of investigating comorbid conditions during the diagnostic evaluation of anemic
dogs.

The predominance of ehrlichiosis and anaplasmosis is relevant because
both infections can contribute to anemia through chronic inflammation, bone
marrow suppression, and immune-mediated abnormalities (Gaunt et al., 2010;
Little, 2010). CKD concurrent with pancreatitis was mainly associated with mild

anemia, whereas CKD concurrent with ehrlichiosis occurred across all anemia
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severity categories. This suggests that the specific comorbid condition may
influence anemia severity beyond CKD alone. The more severe anemia
observed with ehrlichiosis may be related to its potential to cause bone
marrow suppression (Mylonakis et al., 2019). Further prospective studies are
needed to confirm this association. This study has several limitations. The
retrospective, single-center design may have introduced selection bias and
limited the generalizability of the findings to other veterinary populations and
clinical settings. In addition, the study relied on information available in existing
medical records, and some clinical or diagnostic information may have been
incomplete.

Overall, the findings indicate that the severity and hematologic
presentation of anemia varied across different disease classifications and
concurrent conditions. The frequent occurrence of concurrent diseases,
particularly vector-borne infections and CKD, highlights the multifactorial nature
of anemia in dogs. Together, these findings provide useful information on the

clinical presentation of anemia and the diseases associated with anemia in dosgs.
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