1AseT Journal of Applied Scie
S and Emerging Techno

Ui 23 adui 3 [2567] Vol.23, No.3 [2024]

Augdu - Suany 2567

ISSN 2822-1451 [Print]
ISSN 2822-1508 [Online]

36 U atu:dngnmaasus:ana

ppppppp
Unpnendeinaluladwsoounanwsunaiie  2020-2024



Journal of Applied Science and Emerging Technology (JASET)

A S ET Published by Faculty of Applied Science, KMUTNB, Thailand
ISSN 2822-1451 (Print)

KMUT ISSN 2822-1508 (Online)

v

Advisory Board

from King Mongkut’s University of Technology North Bangkok, Thailand
Professor Dr. Saowanit Sukparungsee

Professor Dr. Vilai Rungsardthong

Associate Professor Dr. Surapun Yimman

Associate Professor Dr. Pianpool Kamoljitprapa

Associate Professor Dr. Kitti Bodhipadma

Editor-in-Chief
from King Mongkut’s University of Technology North Bangkok, Thailand
Associate Professor Narumol Kreua-ongarjnukool

Editor

from King Mongkut’s University of Technology North Bangkok, Thailand
Associate Professor Dr. Nonchanutt Chudpooti

Associate Professor Dr. Sekson Sirisubtawee

Co-Editor

from King Mongkut’s University of Technology North Bangkok, Thailand
Professor Dr. Yupaporn Areepong

Associate Professor Dr. Anuchit Jitpattanakul

Assistant Professor Dr. Chatchawan Singhapol

Dr. Wannarak Nopcharoenkul

Editorial Team

from King Mongkut’s University of Technology North Bangkok, Thailand
Associate Professor Dr. Orathai Polsen

Associate Professor Dr. Suvimol Phanyaem

Associate Professor Dr. Walaiporn Prissanaroon Ouajai
Associate Professor Dr. Tanapat Anusas—amornkul
Assistant Professor Dr. Anusara Srisrual

Assistant Professor Dr. Theerawut Phusantisampan
Assistant Professor Dr. Jintawat Tanamatayarat
Assistant Professor Dr. Sukanya Thepwatee

Assistant Professor Dr. Thidarat Wangkham

Assistant Professor Dr. Saowapa Thumsing Niyomthai

Editorial Board
Professor Dr. Paul Pigram
La Trobe University, Australia
Professor Dr. Melvin Pascall
The Ohio State University, USA
Prof. Dr. Andrea De Gaetano
Obuda University, Budapest, Hungary and CNR-IASI Rome and CNR-IRIB Palermo, Italy
Assoc.Prof. Dr. Nutapong Somjit
University of Leeds, United Kingdom
Dr. Nutsuda Sumonsiri
Teesside University, United Kingdom
Professor Dr. Sergey Meleshko
Suranaree University of Technology, Thailand



Journal of Applied Science and Emerging Technology (JASET)

A S E l Published by Faculty of Applied Science, KMUTNB, Thailand

ISSN 2822-1451 (Print)
uT ISSN 2822-1508 (Online)

v

Editorial Board (cont.)
Emeritus Professor Dr. Yongwimon Lenbury
Mahidol University, Thailand
Professor Dr. Sutthisak Phongthanapanich
King Mongkut’'s University of Technology North Bangkok, Thailand
Professor Dr. Anuvat Sirivat
Chulalongkorn University, Thailand
Prof. Dr. Supa Hannongbua
Kasetsart University, Thailand
Associate Professor Dr. Yaowadee Temtanapat
Thammasat University, Thailand
Associate Professor Dr. Khongsak Srikaeo
Pibulsongkram Rajabhat University, Thailand
Associate Professor Dr. Weeradej Meeinkuirt
Mahidol University, Thailand
Associate Professor Dr. Wararit Panichkitkosolkul
Thammasat University, Thailand
Associate Professor Dr. Montip Tiensuwan
Mahidol University, Thailand
Associate Professor Dr. Piyapatr Busababodhin
Mahasarakham University, Thailand
Associate Professor Dr. Wantida Chaiyana
Chiang Mai University, Thailand
Assoc.Prof. Dr. Pranee Phinyocheep
Mahidol University, Thailand
Assistant Professor Dr. Kwan Arayathanitkul
Mahidol University, Thailand
Assistant Professor Dr. Narumon Emarat
Mahidol University, Thailand
Assistant Professor Dr. Kitiporn Plaimas
Chulalongkorn University, Thailand
Assistant Professor Dr. Chatchai Khunboa
Khon Kaen University, Thailand
Assistant Professor Dr. Julaluk Khemacheewakul
Chiang Mai University, Thailand
Assistant Professor Dr. Jutarat Iewkittayakorn
Prince of Songkla University, Thailand
Assistant Professor Dr. Yanisa Laoong-u-thai
Burapha University, Thailand
Assistant Professor Dr. Sararat Mahasaranon
Naresuan University, Thailand
Dr. Worawut Srisukkham
Chiang Mai University, Thailand

Management Staff

from King Mongkut’s University of Technology North Bangkok, Thailand
Miss Wilawan Sae-jeng

Miss Kitsiya Chuchuaysuwan



Journal of Applied Science and Emerging Technology (JASET)

A S E l Published by Faculty of Applied Science, KMUTNB, Thailand

ISSN 2822-1451 (Print)
uT ISSN 2822-1508 (Online)

v

JOURNAL POLICY

Journal of Applied Science and Emerging Technology (JASET) is an academic journal published Triannually by
the Faculty of Applied Science, King Mongkut's University of Technology North Bangkok. The JASET publishes
papers in four types: (1) original research articles in Thai or English, (2) academic articles in Thai or English,
(8) review articles in Thai or English, and (4) editorial corner/invitation articles in English, encompassing all
areas of applied science and technology. The journal will not accept articles, which have been published or are
being considered for publication by another journal, nor should papers published here be submitted to other

journals.
“Journal of Applied Science and Emerging Technology does not have policy to collect publication fee”

” Journal of Applied Science and Emerging Technology published both as hard-copies [ISSN 2822-1451 (Print)] and
electronic journal [ISSN 2822-1508 (Online)] available on ThaiJO system”

Scope of the Journal

To publish academic, research and review articles covering all areas of both basic and applied science and
technology including pure and applied mathematics, statistics, chemistry and applied chemistry, physics and
industrial physics, environmental science and technology, biotechnology, agro-industrial and food technology,
medical science and applications, health and beauty technology, computer and informatic science and materials science

Peer Review Process
Each article must be double blind peer reviewed by at least 3 reviewers from the related field.

Human and Animal Ethics in Research

The authors are requested for the appropriate disclosures and declarations if their research involves human
participants and animals having an impact on their right, prestige, safety, and health. Hence, they must receive
approval from the appropriate ethics committees for research involving humans and/or animals and submit the
evidence of approval with the manuscript. Starting from May, 1st 2022)

Language
Both Thai and English

Publication Frequncy

Once every four months (Triannual)
First Issue: January to April

Second Issue: May to August

Third Issue: September to December

Remarks

Authors have to be responsible for any legal effects that may occur due to their opinions expressed in the articles.
Website for submissions: www.tci-thaijo.org/index.php/JASCI
Contact: jaset@sci.kmutnb.ac.th

Copyright©2024 by Faculty of Applied Science, King Mongkut’s University of Technology North Bangkok.
All rights reserved.

No part of this publication may be reproduced stored or transmitted in any material form or by any methods
including electronic, mechanical, photocopying, recording or otherwise without the prior written permission of the

publisher, except in accordance with the provisions of the Copyright Design and Patents Act 1988.



Journal of Applied Science and Emerging Technology (JASET)

A S E l Published by Faculty of Applied Science, KMUTNB, Thailand

ISSN 2822-1451 (Print)
uT ISSN 2822-1508 (Online)

v

TABLE OF CONTENT

Editorial Corner (invitation article)

Advanced 3D-Printing Technologies for Transformative Radio Frequency and Optical Devices

Nonchanutt Chudpooti, Nutapong Somyjit* and Prayoot Akkaraekthalin.________._________ . €900004

Research Articles

Determining the Distinctiveness of Learners with Outlier Detection Ensembles

Wilawan Inchamnan*, Jesada Kajornrit and Warapomn Jirapanthong. . e257236

Evaluation of the effects of processing on physicochemical properties of the freshly extracted crude groundnut oil
Funmilayo Patrcia Afolabia, Olamide Racheal Ogundelea, Rofiat Oyebisi Rajia, Mutalib Adeniran Aderogbaa,
and Olumuyiwa Sunday Faladea™. e254181

Evaluation of Various Starches as Binders and Properties for Ya-Hom Thepphachit Tablet
a s , wa a
ﬂ']iﬂizLN‘uLtﬂﬁﬂﬂﬁﬁuﬂﬂlﬂuﬂ'ﬁ?ﬂﬂﬂﬂLﬂ'w LLazQﬁuﬂN‘U(ﬂ‘ﬂENEIWWE]NL‘VIWR]GIiluEﬂLLUUEI']Lﬁ@

Khemika Kieng Na Fah Manok* and Sirikran Winyupan 254093

The relationship and impact of pH, ORP, and elemental contents on arsenic remediation by Cyperus papyrus (L.)
under submerged soil conditions

ANuFNRusUaTNanENULAITEY Aamumsineaniiody - SanfuuszUSinawessademsthiaasny
Tosnnaaudluammdumii

Jomjun Nateewattana*, Siripen Trichaiyaporn, Maliwan Saeouy, Sompom Choonluchanon

and Prasak Thavornyutikarn 252686

Influence of Fruit Juices and Optimum of Ammonium Sulfate on the Bacterial Cellulose Production
avdnavawiawaliuszasuanludiandaafivianzandanisudn juaissa

Jirawut Permpool, Pramuan Saithong and Warangkhana Riansut®. _______ . e246814

Self-checkout system using vision—-based object detection and subcategory recognition
msUszanaramuimsuszuuhsztumeaues lagldnsenatuinguaznsiimanavydes
Nicharee Dumrongsak and Thitirat Siriborvornratanakul __________ e248785



ASET

V GG
Editorial Corner

Journal of Applied Science and Emerging Technology (JASET)
Published by Faculty of Applied Science, KMUTNB, Thailand
doi: 10.14416/JASET.KMUTNB.2024.03.001

Vol. 23, No. 3 [2024]: e900004

Advanced 3D-Printing Technologies for Transformative

Radio Frequency and Optical Devices

Nonchanutt Chudpootil, Nutapong Somjitz’s’“, Prayoot Akkaraekthalin®

"Department of Industrial Physics and Medical Instrumentation, Faculty of Applied Science, King Mongkut's University of
Technology North Bangkok, Bangkok 10800, Thailand

*School of Electronic and Electrical Engineering, University of Leeds, LS2 9JT Leeds, U.K.

*Department of Mathematical and Information Sciences, Shaoxing University, Shaoxing 312000, China

“Division of Micro and Nanosystems (MST), KTH Royal Institute of Technology, SE-100 44 Stockholm, Sweden

®Department of Electrical and Computer Engineering, Faculty of Engineering, King Mongkut’s University of Technology North

Bangkok, Bangkok 10800, Thailand

*Corresponding Author: n.somjit@leeds.ac.uk

Additive manufacturing technology has garnered
significant attention in modern three—dimensional (3D)
fabrication processes due to its rapid prototyping
capabilities. It is particularly appealing because of its
compatibility with a wide range of dielectric and
metallic materials, enabling the creation of design
prototypes for nearly any 3D structure. Recently, its
ability to precisely manufacture functional devices with
microscale features and high repeatability has made it
even more attractive (Min, 2016; Otter and Lucyszyn,
2017; Zhang et al., 2017; Xin and Liang, 2017).
This makes it highly suitable for fabricating functional
mm-wave and THz components, such as dielectric lens
antennas (Vorobyov et al., 2017; Yi et al., 2016;
Furlan et al., 2016), waveguides (Li et al., 2017;
Hong et al., 2018; Hong et al., 2018), sensors (Li et
al., 2017), and filters/splitters (Kaur et al., 2015;
Pandey et al., 201 3; Hernandez-Serrano et al., 2017,
Wu et al., 2008; Busch et al., 2014 ), facilitating the
development of cost-effective and complex THz
systems.

3D printing methods commonly employed in mm-wave
and THz technologies can be categorized into five main
types: (1) fused deposition modeling (FDM), (2)
selective laser sintering (SLS), (3) stereolithographic
apparatus (SLA), (4) digital-light-processing (DLP),
and (5) polymer jetting (PJ). Among these, the FDM

technique offers the lowest printing resolution and
exhibits high surface roughness compared to other
additive manufacturing processes. These limitations
restrict its applicability to frequencies below 400 GHz
(Hernandez-Serrano et al., 2017), as the relatively
large structure sizes and high surface roughness
contribute to excessive propagation losses at higher
materials,

frequencies.  Thermoplastic

typically
available in filament forms, are used to produce 3D
structures by selectively depositing melted filament
material along predefined paths. The layer heights of
FDM printing typically range from 50 to 500 pm, with
a minimum achievable single-layer width of
approximately 100 pum®. These dimensions are
primarily influenced by the nozzle size and the viscosity
of the melted filament material. The best surface
roughness attainable using FDM is around 35 pm
(Alsoufi et al., 2017).

The SLS technique employs a high-intensity laser beam
to sinter polymeric powder material layer-by-layer,
offering superior printing resolutions between 20 and
80 um, depending on the microparticle sizes of the
powder material. Despite achieving low surface
roughness of about 6 pm (Sachdeva et al., 2013), SLS
suffers from material

Additionally,

shrinkage of approximately
3-5%. the limited availability of

microparticle powders compatible with this process
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(Schmid et al., 2015; Gross et al., 2014) constrains
its use in mm-wave and THz applications.

SLA and DLP techniques utilize either a laser beam or
ultraviolet (UV) light, respectively, to selectively cure
resin-based photopolymers, forming 3D structures with
resolutions determined by the spot size used for
patterning. These methods deliver excellent surface
roughness of less than 10 pm and are capable of
achieving resolutions of 40-250 um in structure width
and 25 pm in structure height for SLA (Udroiu and
Mihail, 2009). The DLP technique (ASIGA: PICO2
HD) achieves even finer resolutions of 27 um in width
and 1 um in height, making it one of the most accurate
techniques for mm-wave and THz applications. This
range covers most THz frequencies between 100 GHz
and 1.0 THz. However, despite the availability of
numerous  photopolymers,  comprehensive  data
regarding the electromagnetic and optical properties of
these materials is scarce and fragmented, often covering
only limited frequency points or narrow frequency
bands (Furlan et al., 2016; Li et al., 2017; Hong et
al., 2018).

PJ technology provides exceptional printing accuracy
and resolution by employing a process similar to inkjet
printing. It uses printhead nozzles to deposit liquid
photopolymers onto a build platform, where the
materials are simultaneously photocured and patterned
using UV light. This technique can achieve resolutions
of approximately 14 pum in structure height and 23 pm
in structure width. Additionally, PJ offers surface
roughness values below 10 um (Kechagias and
Maropoulos, 2015; Kampker et al., 2017).
Consequently, it is regarded as one of the most preferred
methods for mm-wave and THz applications. However,
similar to other techniques, PJ materials lack
comprehensive electromagnetic and optical property
data at THz frequencies, limiting their applicability in
such systems.

Summary: Additive manufacturing has emerged as a
transformative tool in radio frequency (RF) and optical
applications, leveraging its precision and versatility to
enable the design and fabrication of advanced

components. In RF applications, 3D printing has been

utilized to produce antennas, waveguides, filters, and
resonators that support high-frequency operations,
including mm-wave and THz ranges. These
components benefit from the rapid prototyping and high
structural accuracy provided by techniques such as
SLA, DLP, and PJ, which ensure low losses and high
performance. Furthermore, the ability to tailor
geometries and material properties facilitates the design
of custom RF devices that meet stringent performance
criteria.

In optics, additive manufacturing allows for the creation
of intricate lenses, photonic crystals, and optical
waveguides. The high resolution and smooth surface
finishes achieved through processes like SLA and PJ
make them ideal for fabricating micro-optics and
freeform optical elements. Additionally, advancements
in photopolymer materials and post-processing
techniques continue to improve optical performance,
enabling integration into sensing, imaging, and
communication systems.

The convergence of 3D printing with RF and optical
technologies avenues for

opens new designing

multifunctional systems, including integrated RF-
optical devices and hybrid platforms. This integration
supports  emerging  applications in  wireless
communications, biomedical sensing, and terahertz
imaging, where complex geometries and precision
fabrication are critical. As additive manufacturing
technologies advance, innovations such as multi-

material  printing, gradient-index designs, and
metamaterial structures are becoming viable solutions.
These enhancements not only enable better performance
but also open possibilities for tunable and
reconfigurable components. Emerging approaches like
direct-write printing and nanoscale 3D fabrication are
pushing the boundaries of miniaturization and
performance optimization, enabling rapid development
cycles for next-generation devices and systems.

Moreover, recent breakthroughs in bioprinting and

hybrid printing technologies have expanded the
capabilities of additive manufacturing. Hybrid
approaches combining traditional techniques with

additive manufacturing have led to the creation of
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complex, multifunctional structures for biomedical and
photonic applications. In RF systems, innovations such

as flexible and conformal antennas have been

developed, allowing seamless integration into wearable

devices and non-planar surfaces. Additionally,

advanced photopolymer formulations are being tailored
for optical and electromagnetic performance, ensuring
compatibility with evolving communication standards
and sensing technologies.

Future advancements are expected to include Al-driven
design processes, automated optimization algorithms,
and integration with simulation tools, further enhancing
the precision and efficiency of 3D-printed structures.
These developments will drive the adoption of additive
manufacturing across industries, enabling smarter, more
compact, and highly functional devices for next-

generation wireless, optical, and sensing technologies.
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ABSTRACT

Gamification is the application of game design principles and elements to non-game contexts. It has been increasingly used
to engage and motivate learners. A clear understanding of learners’ characteristics is a key success of gamification. Understanding the
distinctiveness of the learners’ behaviors enables gamification design to encompass all types of participants. This paper then proposes
a methodology to assist gamification design in identifying distinctive individual learners within a group. The proposed methodology
adopts ensembles of outlier detection techniques to examine how much individual learners differ quantitatively from the group, and
utilizes decision tree classifiers to identify the factors contributing to the distinctiveness. The outcomes of these methods are presented

in the if-then rules, which assist the interpretability of the discovered insights. This method enables educators and gamification designers

to personalize gamified learning environments by focusing on unique learner characteristics.

KEYWORDS: Outliers Detection, Ensembles Method, Decision Trees, Learner Distinctiveness, Gamification Design
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1. INTRODUCTION

Gamification is the process of applying game
design principles, mechanics, and elements to non-
game contexts. The objectives of gamification are to
engage users, encourage participation, and motivate
desired behaviors (Inchamnan, 2023). Essentially, it
involves using elements commonly found in games,
such as points, badges, leaderboards, challenges, and
rewards, to make activities outside of games more
enjoyable and engaging.

Gamification research is a vibrant field with
ongoing studies, exploring various aspects of gameful
design, motivation, and behavior change. One
significant focus is on integrating gamification elements
into education in order to enhance learner engagement
and opportunities within educational settings. This
approach involves understanding how elements like
points, badges, and leaderboards can influence behavior
and mindset. Objective is aim to improve instructional
and foster better outcomes

activities learning

(Inchamnan, & Chomsuan, 2021).

The history of integrating game elements into
daily life has evolved into modern gamification
practices. The studies explore its evolution,
motivational effects, productivity enhancements, and
impacts on learning methodologies (Sharma & Sharma,
2023). Furthermore, gamification research aims to
bridge the gap between gamification design and human
motivation. It also offers valuable insights for
researchers and practitioners in the field of information
technology design (Tang & Zhang, 2019).

Presently, data analytics has become an
important issue in several areas, and gamification is no
exception. Combining gamification with data analytics
allows organizations not only to create engaging
experiences but also to gather valuable data on user
interactions, preferences, and performance. For
example, a company might use gamification techniques
in its employee training program and then use data
analytics to assess which modules are most effective
based on employee engagement and learning outcomes
(Greene, 2023). On the other hand, data analytics

enables gamification designers to understand their
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learners in advance and design personalized content
(Stone et. al., 2015).

The integration of gamification with data
analytics can be accomplished for several purposes
(Poolsawas & Niranatlamphong, 2017), for examples,
behavior tracking, performance evaluation,
personalization, iterative improvement and predictive
analytics. Personalization is interesting point for our
study. It could be satisfied to all learners if the contents
in the gamification math to everybody. To accomplish
this mission, gamification designers have to understand
the distinctiveness of the learners.

If we define the distinctiveness as the measure
of learner’s uniqueness, it could be hypothesized that
most learners exhibit common behaviors, while some
learner deviate from the norm. In the area of data
analytics, there is one type of analysis named outlier
detection that tries to identify data points or
observations that deviate significantly from the rest of
the dataset (Chandola et. al., 2009). These outliers
may indicate anomalies or unique patterns within the
data. Imagine that if some deviated learners in the class
are similar to the unique patterns, it would be very
challenging to design gamification content to serve
those learners. However, we have to find those unique
learners first. The purpose of this paper is to present an
interpretable approach to apply outlier detection
technique to discover the distinctiveness of learners.

The rest of the paper is organized as follows.
Section 2 provides some outlier detection methods used
in this study. The information of gamification data is
briefly discussed in section 3. Section 4 proposes our
methodology, while the experimental results and

analysis are discussed in the section 5. Finally, section

6 is the conclusion.

2. SELECTED OUTLIER DETECTION
TECHNIQUES

Outlier detection is a data analysis technique
aimed at identifying observations or data points that
deviate significantly from the majority of the data.
These deviations,

known as outliers, can signal

anomalies, errors, or rare occurrences within the

dataset. Over recent decades, a variety of techniques
have been developed for outlier detection, including
classification methods, clustering methods, k-nearest
neighbor  methods, and  statistical  methods.
Additionally, these techniques can be categorized into
supervised, semi-supervised, and unsupervised
methods.
In practice, one of the recommended libraries for outlier
detection is PyOD (Han et. al., 2022). PyOD is a
versatile Python library for detecting outliers in
multivariate data. It offers more than fifty algorithms
that have been successfully used in numerous academic
research studies and commercial products. In this study,
the authors initially adopted thirteen unsupervised
algorithms in the proposed method. However, this does
not imply that the proposed method is limited to these
algorithms for outlier detection. The adopted algorithms
are summarized as follows.

- Principal Component Analysis (PCA) (Shyu et.
al., 2003) is a linear dimensionality reduction
using singular value decomposition of the data to
project it to a lower dimensional space. When used
for outlier detection, it projects the data to the
lower dimensional space and then uses the
reconstruction errors as the anomaly scores.

- One-Class Support Vector Machine (OCSVM)
(Scholkopf et. al., 1999) maximizes the margin
between the origin and the normal samples, and
defines the decision boundary as the hyperplane
that determines the margin.

- Local Outlier Factor (LOF) (Breunig et. al.,
2000) measures the local deviation of the density
of a given sample with respect to its neighbors. It
is local in that the anomaly score depends on how
isolated the object is with respect to the
surrounding neighborhood.

- Clustering Based Local Outlier Factor (CBLOF)
(He et. al., 2003) calculates the anomaly score by
first assigning samples to clusters, and then using
the distance among clusters as anomaly scores.

- Connectivity-Based Outlier Factor (COF) (Tang

et. al., 2002) uses the ratio of the average chaining

distance of data points and the average chaining
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distance of k-th nearest neighbor of the data point,
as the anomaly score for observations.

Histogram- Based Outlier Detection (HBOS)
(Goldstein & Dengel, 2012) assumes feature
independence and calculates the degree of
outlyingness by building histograms.

K-Nearest Neighbors (KNN) (Ramaswamy et.
al., 2000) views the anomaly score of the input
instance as the distance to its k-th nearest
neighbor. Subspace Outlier Detection (SOD)
(Kriegel et. al., 2009) aims to detect outliers in
varying subspaces of high-dimensional feature
space.

Copula Based Outlier Detector (COPOD) (Li et.
al., 2020) is a hyperparameter-free, highly
interpretable outlier detection algorithm based on
empirical copula models.
Empirical-Cumulative-distribution-based Outlier
Detection (ECOD) (Li et. al., 2022) is a
hyperparameter-free, highly interpretable outlier
detection algorithm based on empirical cumulative
distribution function (ECDF). Basically, it uses
ECDF to estimate the density of each feature
independently, and assumes that outliers locate the
tails of the distribution.

Gaussian Mixture Model (GMM) (Zong et. al.,
2018) is a probabilistic model used for clustering
and density estimation tasks. It is a parametric
model that represents the probability distribution of
a dataset as a weighted sum of several Gaussian
distributions.
Lightweight on-line detector of anomalies
(LODA) (Pevny, 2016) is an ensemble method
and is particularly useful in domains where a large
number of samples need to be processed in real -
time or in domains where the data stream is subject
to concept drift and the detector needs to be
updated online.

Isolation Forest (IForest) (Liu et. al., 2008)
observations by randomly selecting a feature and
then randomly selecting a split value between the

maximum and minimum values of the selected

feature.

As this paper does not focus extensively on outlier
detection algorithms, a brief overview of selected
algorithms is just provided. For readers interested in a
deeper exploration of this topic, the authors recommend
consulting (Chandola et. al., 2009),
(Aggarwal, 2017), and (Mehrotra et. al., 2017) for

references

more details.

Outlier detection algorithms mentioned above
have their own advantages. The different techniques
could lead to differences in detection outcomes. Thus,
the goal is to combine these advantages to increase
detection confidence. Ensemble techniques are not a
new concept; they have been successfully used in
various application domains (Mehrotra et. al., 2014).
In the current study, we use an ensemble technique to
detect distinctive behaviors of learners in the
gamification domain. Such a problem is essentially
equivalent to outlier detection.

As our dataset do not have label, the proposed
methodology then falls in the unsupervised analysis. It
is difficult to apply supervised classification algorithms
directly to find the outliers. However, using ensemble
of unsupervised algorithms can enhance prediction
confidence by focusing on students whose behaviors
qualitatively deviate from the group norm, signaling
intervention

potential risks or

(Novoseltseva, 2022).

opportunities  for

3. GAMIFICATION DATASET

This study gathered data from a survey completed by

93 students in the class. The dataset includes
information about the students (No.1 - 4) and their
answers to 20 questions (No. 5 - 24). Table 1
provides a summary of the dataset details. Table 2
exhibits the possible values of category data. Table 3

shows statistics of the dataset.

Table 1 Question in gamification dataset

No Feature Data type Name
1 Sex Category sex
(2 values)
2 Age Numeric age
[17, 33]
3 | GPA Numeric gpa
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[0.00, 4.00] 16 | Each time scoring in the Ordinal qll
4 | Faculty Category faculty room, De students feel [1,5]1 =
(5 values) like coming to study and Poor , 5 =
5 | What type of game do the | Category game feel rewarded? Excellent
students like to play the (9 values) 17 | Do students prefer Ordinal ql2
most? teachers to provide current | [1, 5] 1 =
6 | Can students reflect their Ordinal ql challenging case studies? Poor , 5 =
experiences, interests, and | [1, 5] 1 = Excellent
familiar perspectives while | Poor , 5 = 18 | Do students enjoy Ordinal ql3
studying in the Excellent competing both inside and | [1, 5] 1 =
classroom? outside the classroom and | Poor , 5 =
7 Do students observe or Ordinal q2 strive to be the best in the | Excellent
participate in unfamiliar [1,5]1= classroom?
things? Are they exposed Poor , 5 = 19 | Are the classroom Ordinal ql4
to new situations or Excellent activities fun and [1,5]1 =
content they haven't appropriate? Poor , 5 =
encountered before? Excellent
8 | Can students identify, Ordinal q3 20 | Do the students prefer Ordinal ql5
think, discuss, and [1,5]1= learning online more than [1,5]1=
collaborate with others on | Poor , 5 = in the classroom? Poor , 5 =
the content of the lesson? | Excellent Excellent
9 | Do students understand Ordinal q4 21 | Do instructors prefer Ordinal qlé
the content according to [1,5]1= setting deadlines for [1,5]1 =
the step-by-step theory Poor , 5 = assignments, and if Poor , 5 =
taught? Excellent exceeded, do they deduct Excellent
10 | Can students analyze case | Ordinal q5 points?
studies assigned by the [1,5]1= 22 | Do students like working Ordinal ql7
instructor? Poor , 5 = in groups or not? [1,5]1=
Excellent Poor , 5 =
11 | Do students understand Ordinal q6 Excellent
their own and others’ [1,5]1= 23 | What type of game Category qls
perspectives, interests, Poor , 5 = character the students are (4 values)
and motivations? Excellent the most?
12 | Can students apply newly Ordinal q7 24 | What personal type Category ql9
acquired knowledge in [1,5]1= awareness of students? (5 values)
real-life situations at Poor , 5 =
present? Excellent Table 2 Possible values of the category data
13 | Can students design Ordinal q8 No. Possible Values
innovations, create new [1,5]1= 1 (1) Male
things, or transmit their Poor , 5 = (2) (2) Female
own learning? Excellent 4 | (1) Information Technology
14 | Do students understand Ordinal q9 (2) Tourism and Hospitality
the rules of teaching and [1,5]1= (3) Business Management
learning? Poor , 5 = (4) Integrative Medicine
Excellent (5) Communication Arts
15 | Do students understand Ordinal qlo 5 (1) Role-playing
the objectives of each [1,5]1= (2) Shooting
learning session? Poor , 5 = (8) Fighting
Excellent (4) Adventure
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(5) Strategy
(6) Simulation
(7) Puzzle

(8) Sport

(9) Not playing

23 | (1) Explorer: I enjoy learning to gain knowledge in
new things continuously.

(2) Killer: I like to be number 1 or at least at the
beginner level in the classroom.

(8) Achiever: I like to follow the teacher’s
instructions thoroughly according to the
guidelines provided by the teacher.

(4) Socializer: I like to be a part of my friends in

the classroom because it feels fun.

24 | (1) 1don't like competition and be afraid of
making mistakes.

(2) 1focus on practical implementation to see a
clear picture.

(3) I am a confident person who emphasizes
interaction.

(4) 1 prefer working alone and don't enjoy
socializing.

(5) Other

Table 3 Statistics of the Dataset

No Statistics

1 (1)=27,(2) =66

2 Range =[17, 33], Average =21.5

3 Range =[0.00, 4.00], Average = 3.36
4

5

(H=14,2)=1,3)=12,(4)=65,(5)=1
(1) =7,(2)=24,3)=8,(4)=6,(5) =4, (6) =
7,(1=17,(8)=4,(9) =26

6 | (1)=0,2)=4,(3)=24,(4)=40,(5)=25

7 [(1)=0,2)=3,3)=28,(4)=41,(5) =21

8 [(1D=0,2)=2,3)=16,(4)=42,(5)=33

9 [()=0,2)=1,3)=28,(4)=35,(5)=29
10 | (1)=0,(2)=2,(3)=26,(4)=43,(5) =22
11 | (1)=0,2)=1,(3)=30,(4) =36,(5 =26
12 [ (D=1,(2=0,(3)=29, (4)=38,(5 =25
13 | ()=1,02)=2,(3)=38,(4) =26, (5) =26
14 | (1)=0,2)=0,(3)=16,(4) =31, (5) =46
15 | (D=102)=1,(3)=26,(4) =29, (5 =36
16 | (D=5,02)=7,(3)=29, (4) =32,(5) =20
17 [ (1D=2,(2)=5,(3)=29,(4)=34,(5 =23
18 | (1)=20,(2)=14,(3)=36,(4) =10, (5)= 13
19 [ (1)=0,(2) =10, (3) =27, (4) =32, (5) =24
20 [ (D=18,(2)=14,(3)=33,(4) =10, (5) = 18
21 [ (1)=6,(2)=5,(3)=32,(4)=23,(5) =27
22 [(1D=19,(2)=5,(3)=40, (4 =15,(5) = 14
23 [(D=60,2)=4,(3) =14, (4) =15

24 [ (1)=26,)=34,3)=17,(4)=5,(5=13

4. PROPOSED METHODOLOGY
The proposed methodology is shown in the Figure 1
The methodology consists of five steps, details as

follows:

Step 1: Scoring outliers with several

. . [¢—— Data
unsupervised algorithms.

Step 2: Selecting algorithms to create an
ensemble.

h 4

Step 3: Ensemble scoring outliers with the

predictions of selected algorithms. Outliers

\ J

Step 4: Using the decision tree algorithms

L. . —— Insights
to find insight of the outliers. o

Figure 1 The proposed methodology
Step 1: Scoring outliers with various selected
algorithms. In this step, many algorithms are applied to
the data in order to assign outlier scores to the data
points. It is, of course, evident that the choice of
algorithms results in differing scoring outcomes. The
scoring outcome of each algorithm is normalized within
a range between O and 1. The methodology does not
limit the number of algorithms. In our experiment,
however, we utilize thirteen algorithms provided in the
PyOD library (Han et. al., 2022) mentioned in the
section 2 of this paper. The source of the algorithms
can be found in (Zhao, 2024).
Step 2: Selecting algorithms to create an ensemble. In
this step, a subset of algorithms is chosen from all
available options. The outlier scores generated by each
algorithm in step 1 are sorted from O to 1. The sorted
outliner scores (y-axis) are plotted against the number
of data points (x-axis). To select the algorithms, we
observe at 90% of the total number of data points. At
this juncture, the chosen algorithms should encompass
all outlier scores ranging from the minimum to the

maximum scores.

Step 3: Scoring outliers with the predictions of
algorithms. It is assumed that data points are identified
as outliers if they fall within the top 10% of data points
with the highest outlier scores. Through various
algorithms, certain data points may be labeled as normal

(label = 0) by some algorithms and as outliers (label =

1) by others. Therefore, the ensemble score is defined



Journal of Applied Science and Emerging Technology (JASET) Vol. 23, No. 3 [2024]: ¢257236

as the sum of all selected algorithms (label). For
example, if three out of five algorithms predict a data

point as an outlier, then the ensemble score is 3.

Step 4: Utilizing the decision tree algorithm to
investigate insights. Once the ensemble score has been
assigned to the data points, it can be used as the label
for supervised learning. The ensemble label reflects the
distinctive level of the data points. The higher the
distinctive level, the further the distance from normal
behaviors. Supervised machine learning techniques such
as decision trees can be employed to identify the causes
of distinctiveness. To clearly illustrate the proposed
methodology, the gamification data will be processed

through all steps mentioned above.

5. EXPERIMENTAL RESULTS

According to the step 1, the data are preprocessed into
the machine learning-suitable format. Numeric features
"age” and “"gpa” as well as ordinal features "ql” to
"ql7,” are normalized using min-max scaling to a

"

range of O to 1. Categorical features “sex”, “game’,
"faculty”, "q18", and "q19” are encoded using the one-
hot method. Therefore, the final number of features is
45. Next, the preprocessed dataset is applied with
thirteen unsupervised outlier detection algorithms, that
is, PCA, OCSVM, LOF, CBLOF, COF, HBOS, KNN,

SOD, COPOD, ECOD, GMM, LODA, and, IForest.

(b)

Figure 2 (a) The plot of thirteen normalized outlier scores, and (b) Selected

algorithms at most 10 percent datapoints

According to step 2, the outlier scores of each algorithm
are sorted from minimum to maximum. Then they are
normalized to a range of O to 1 for comparison. Figure
2 shows the plot of those outlier scores. The x-axis
represents the data points, and the y-axis represents the
normalized scores. One can observe that due to
differences in algorithms, variations in scoring occur.
Some data points are detected as outliers by one
algorithm but as normal by other algorithms.

To select the algorithms, we observe at 90% of the total
number of data points, in this case, at 84 on the x-axis.
At this juncture, we select five algorithms that
encompass the entire outlier scores range (see Figure
2). The selected algorithms are KNN, IForest, PCA,
LOF, and COPOD. The selection is rather arbitrary,
thus other ones may select difference set of algorithms.
According to step 3, the data points belonging to the
top 10 percent of the highest outlier scores are predicted
as outliers (class 1 or score = 1); otherwise, they are
predicted as normal (class O or score = 0). Therefore,
if we sum the scores from the selected algorithms, each
data point may have a score ranging from O to 5. This
is referred to as the ensemble score. A score of O means
that no algorithm predicts the data point as an outlier
(extremely normal), whereas a score of 5 means that
every algorithm predicts the data point as an outlier
(extremely outlier). In our experiment, the number of

data points are in Table 4.

Table 4 The numbers of data in ensemble scores.

Score Number of data point Percent of data point
0 67 72.04%
1 12 12.90%
2 7 7.52%
3 4.30%
4 2 2.15%
5 1 1.07%
sum 93 100%

We can use this score as the distinguishing level for
students. 67 students in level O are considered normal
students. This largest group of students can be utilized
to design gamification for general purposes. The next
groups consist of 12 and 7 students in levels 1 and 2,

respectively, who differ from the normal students and
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can be grouped together for specific purposes. Finally,

4 and 2 students in levels 3 and 4 are distinctive

students who may serve very specific purposes in

gamification design. 1 student in level 5 may represent
noise in the data.

According to step 4, We label the data with score
derived in the step 3 and utilize the Decision Tree
classification algorithm to generate decision tree
diagram for analysis. The experiment generates decision
tree with three criteria including gain ration (Figure 3),
information gain (Figure 4), and gini index (Figure 5)
to cooperative analysis. The experiment set parameter
depth of tree equal to 5 for interpretable and
visualizable purposes.

According to the Figure 3, it could be observed
from the tree that:

- IF GPA less than 0.5 THEN the student data
probably is noise data.

- IF GPA greater than 0.5 AND student tend to focus
on practical implementation to see a clear picture
THEN student tend to have high distinctiveness
from normal student. And if that student prefers a
fighting game, he/she have relative higher
distinctiveness.

According to the Figure 4, it could be observed from

the tree that:

- IF student tend to focus on practical
implementation to see a clear picture AND student
like fighting game THEN student tend to have high
distinctiveness from normal

- IF student is not a good in apply newly acquired
knowledge in real-life situations at present AND
the student prefers shooting game THEN the
student tend to have high distinctiveness from
others.

According to the Figure 5, it could be observed from

the tree that:

- IF student tend to focus on practical

implementation to see a clear picture AND student

like fighting game THEN student tend to have high
distinctiveness from normal

From the three models, a common pattern that leads to

high distinctiveness is in the second selection “student

who tends to focus on practical implementation to see a
clear picture” AND “student who prefers fighting
game” of the questions named “q19” and “game”,
respectively. This insight enables gamification designer
to have more information to analyze high distinctives

students from this analysis.

>0500 20500

q19_2 =

facuity 2 game 3

0 1 0 1

q12 3 3 4

>0300 50300

0 2

Figure 3. The decision tree modeled with gain ratio criterion

q19.2

>24500 <2450 o 1
a7 faculty_3
>0700 50700 0
game 4 game 2 game 8 a2

»0.900 20900
0 5 3 1 0 2 2 (]

Figure 4. The decision tree model with information gain

criterion

q18.2

>0.300 = 0.300 0 1
age
*30.500 £20.500

game_2 faculty_3

Figure 5 The decision tree modeled with gini index criterion

Understanding learners’ behaviors can significantly
enhance gamification design. The proposed method
offers an alternative approach for discerning learners’
distinctiveness through If-Then rules. However, this
paper represents preliminary research and provides only
a conceptual framework for key takeaways. Future
research should involve a larger sample size to
strengthen the study’s validity. Additionally, as game

technology evolves, new game types, such as soul-like
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games, have been defined, along with new gamer
classifications, exemplified by the 9 Quantic gamer
types (Greene, 2024 ). Furthermore, the exploration of
new data analytics methods for gamification design

remains an ongoing area of investigation.

6. CONCLUSION

Understanding the characteristics of learners makes
gamification design more attractive and effective. Data
analytics enables gamification designers to better
understand learners. This study proposes an approach to
data analytics named outlier detection to discover the
distinctiveness of learners. The study defines
distinctiveness as the learners’ characteristics that are far
from the norm of the group. The proposed method
consists of using an ensemble of outlier detection
algorithms to score the distinctiveness of the learners
and using decision tree algorithms to extract decision
rules of distinctiveness. The study exemplifies the
proposed method with data collected from one class and
shows how to discover insights from the data. However,
machine limitations in

learning has addressing

imbalanced datasets. Some research proposes a
framework that combines outlier detection and feature
reduction to improve model performance, highlighting
the importance of outliers in identifying rare or
distinctive instances, which ultimately enhances
classification accuracy (Lusito et. al., 2024). The
outcomes of the methodology are expressed in the form
of IF-THEN rules, which are easily interpretable by
humans. Gamification analysts can utilize the extracted
insights to tailor their instructional strategies more
effectively to specific learner groups. In our study,
students who exhibit a preference for fighting games
and focus on practical implementation to gain a clearer
understanding were identified as distinctive learners.
This observation raises questions for gamification
analysts, particularly regarding the underlying reasons

for these preferences, which may warrant further

experimentation. Future research should aim to gather
additional data to reinforce our findings. The integration
of gamification design with outlier detection remains an

intriguing area of study.

Outlier detection doesn’t inherently judge whether
the distinctiveness is positive or negative. It simply
identifies students whose behaviors, preferences, or

performances  differ from the majority. The

interpretation of this distinctiveness, for example, good
or bad learners, depends on the context in which these
outliers are analyzed. For example, a student with a
unique learning style that differs from the typical
approach may require personalized learning strategies
that could enhance their performance, which would be

beneficial once addressed (Novoseltseva, 2022).
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ABSTRACT

The industrial processing of groundnut oil involves hydrothermal and chemical treatments that could affect its lipid
constituents. The effect of this processing on physicochemical properties of freshly extracted crude groundnut oil was determined.
Crude groundnut oil was extracted following the traditional method and half of it was processed as done industrially. Chemical properties
[acid value, free fatty acid, peroxide value, saponification value, ester value, iodine value, total phenolic content (TPC), p-Anisidine
value, total tocopherol (TT), total antioxidant capacity (TAC) and thiobarbituric acid reactive species (TBARS)] and physical
properties (refractive index, surface tension, smoke point, flash point, viscosity and specific gravity) were determined following the
AOAC and other standard methods. The results indicated that the processing of the crude groundnut oil, although improved the physical
appearance and reduced free fatty acid by 56% consequently, could improve its stability but it also compromised the levels of

antioxidant compounds such as tocopherols in the oil that reduced by 16.4%. TAC, an antioxidant parameter also reduced by 92%

while TBARS increased by 15.1%.

It can be concluded that processing of groundnut oil could either improve its stability or

compromise it, therefore, there is a need for the stability study of processed groundnut oil.

KEYWORDS: Groundnut oil, p-anisidine value, Physicochemical, Total tocopherol, Thiobarbituric acid reactive substances

*Corresponding Author: osfalade@oauife.edu.ng, osfalade2014@gmail.com

Received: 19/09/2023; Revised: 27/02/2024; Accepted: 22/12/2024

1. INTRODUCTION

Groundnut, or peanut (Arachis hypogaea Linn),
commonly called the poor man’s nut is one of the most
important cash crops in the world (Fletcher and Shi,
2016). It is an important food crop, the third most
important source of vegetable protein and the sixth most
important oilseed crop (FAOSTAT, 2010). It
contributes significantly to the protein in the diets of
people in many developing countries (Fletcher and Shi,
2016). It contains 48-50% of oil and 26-28% of
protein and is a rich source of dietary fiber, minerals,
and vitamins which is evident in its high caloric value
(Fletcher and Shi, 2016). Worldwide, groundnut
production is principally dedicated to the production of
vegetable oil (49%) and the cake obtained as well as
whole nuts (419%) are used as human food and also as

feed for animals (Fletcher and Shi, 2016).

Groundnut oil is widely consumed domestically and all
over the world. It contains more potassium than sodium
and it is a good source for calcium, phosphorus and
magnesium (Falade et al. 2008). It also contains
thiamine, vitamin E, selenium, zinc and arginine
(Falade et al. 2008; Hariod, 1990). Diets high in
groundnut oil were proven to be as effective as olive oil
in preventing of cardiovascular diseases (Hariod,
1990). The report of the US Department of Agriculture
released in 2015 showed that the world vegetable oil
consumption has increased from 151.68 to 177.16
million metric tons from 2011/2012 to 2015/20186,
respectively (USDA/NASS, 2015). The prices
released by the World Bank in 2020 for groundnut,
coconut, palm kernel, palm oil and soybean oil were
declared to be $1493, $993, $955, $835 and $874
per metric ton, respectively (World Bank, 2020).
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Consequently, adequate protection must be given to
vegetable oils reported to be barely enough for the world
population that is growing astronomically (Aydar et al.

2016).

Vegetable oils are known to be susceptible to lipid
auto-oxidation reaction. This reaction is a degradative
free radical chain reaction that causes quality loss in
food industries, oxidative stress and its attendant
diseases such as diabetes, atherosclerosis and cancer
(Sokmen et al. 2004). The free radicals generated in
this reaction have also been reported to damage
DNA and
membrane (Rahal et al. 2014).

macromolecules such as the cellular

The processing of crude vegetable oil is important due
to the presence of some undesirable components of the
oil such as lecithin, gum, protein, gossypol and so on.
These components are known to cause sedimentation in
vegetable oils, making the oil to be cloudy or outright
formation of precipitate, thus, making them unattractive
and unsuitable for some uses such as in salad dressing.
Some of these unwanted constituents such as gossypol
could also be toxic (Aluyor et al. 2009). Processing
although makes vegetable oils attractive and improves
their usage, it has been reported that it could
compromise the shelf-life of the processed oil in some
vegetable oils (Achinewhu and Akpapunam, 2005)
and improved it in others (Aluyor et al. 2009).

The processing of vegetable oil involves conditions such
as heat, steaming, neutralization, decolorization and so
on. Some of these conditions are well known to enhance
lipid auto-oxidation. As a result of the aforementioned,
it has become imperative to examine the effects of
processing on the physiochemical properties of
groundnut oil with the aim of making recommendations
on how to prevent or at least reduce this destructive

reaction in groundnut oil.

2. MATERIALS AND METHODS
2.1. Materials
All the reagents used in this study were of analytical

grade and were sourced from BDH Chemicals Ltd,

Poole, UK and Sigma Aldrich chemicals Co., St Louis,
Mo, USA.
Groundnut was purchased from New Market, Ile-Ife,

Osun State, Nigeria.

2.2. Extraction of groundnut oil

The extraction of the groundnut oil was done following
the traditional method. The groundnut seeds (17.69
kg) were roasted in a big pan with firewood as the
source of fire for 30 minutes. The roasted groundnut
seeds were immediately bagged in air tight sack bags
for 24 hours. The roasted groundnut seeds were then
de-hulled (removal of seed coat) manually and
handpicked to separate nuts of good quality from the
bad ones. The good nuts were pulverized using a locally
fabricated mill (Lawood Metals, Osogbo, Osun State,
Nigeria). Water (1000 mL) was added to the
groundnut paste obtained and the mixture was kneaded
manually. The oil content was oozed out during the
process of kneading. The crude groundnut oil (5.2 L)
obtained was scooped out and stored in the dark inside
an amber bottle prior to further analysis. Half of the
crude groundnut oil (2.6 L) was processed according
to the methods described by AOAC, (2005). The
processing involves four stages which are, degumming
using acetic anhydride, neutralization to remove free
fatty acid using KOH, bleaching which was done by
heating the groundnut oil with Fuller’s earth followed
by vacuum filtration using Whatman No. 1 filter paper
and finally the steaming of the oil to eliminate volatile
organic compounds were carried out in this order

(AOAC, 2005).

2.3. Determination of chemical parameters in the oil
samples

The moisture content of the oil samples was determined
using AOAC method (AOAC, 1990). Sample (2.0 g)
was weighed in triplicate into a pre-weighed crucible
and then dried in an oven at 105 °C until a constant
weight was obtained after cooling. The difference in
weight of the crucible with sample before and after
drying was recorded as weight of moisture. The other
chemical (acid, iodine,

parameters peroxide,

saponification and ester values) were also determined
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according to the methods described by Association of
Official Analytical Chemists (AOAC, 1990) methods
(AOAC 936.16, AOAC, 920.158, AOAC, 965.33
and AOAC, 936.15, respectively). The determination
of all these five parameters were based on titrimetric
methods. Acid value (AV) was obtained by titrating the
sample with standard solution of KOH using
phenolphthalein as an indicator. The AV was then
calculated from the titter value (AOAC, 1990). Iodine
value (IV) was based on redox titration. Oil sample was
reacted with KI solution and the unreacted liberated
iodine was back titrated with a standard solution of
Na2S5406 and IV later calculated from the titer value
(AOAC,1990). Saponification value (SV) was
determined by reacting the oil sample with excess KOH
solution and the unreacted KOH was back titrated with
standard solution of HCI. The SV was calculated from
the titer value (AOAC, 1990). The ester value was

obtained as the difference between the saponification

value and the acid value (AOAC, 1990).

2.4. Determination of chemical compounds associated

with antioxidant property

2.4.1. Determination of total tocopherol content

Total tocopherol (TTC) content of the oil samples was
determined spectrophotometrically using the method of
Contreras - Guzman and Strong (1982). The
tocopherol was extracted with heptane, reacted with
batocuproine and absorbance measured at 545nm. The
total tocopherol was calculated from the absorbance

using the equation developed by Contreras - Guzman

and Strong (1982).

2.4.2. Determination of total phenolic content

Total phenol content (TPC) was extracted from the
crude and processed oils and determined as described
earlier (Falade et al. 2008). The total phenol content
was standardized against gallic acid and expressed as
mg/kg gallic acid equivalent (GAE). The linearity
range of the gallic acid standard was 0-40 mg/L GAE
(R2 = 0.9795).

2.4.3. Determination of Thiobarbituric acid reactive
substance (TBARS)

This  parameter  was  determined by  the
spectrophotometric method (Lee and Ahn, 2003). The
TBARS was standardized using 1, 1, 3, 3-tetraethoxy
propane (TEP) and expressed as mg malonaldehyde
(MDA) kg-1 oil. The linear range for this assay was

between 0 — 2.0 UM TEP (R2 = 0.998).

2.4.4. Determination of p-anisidine value

The p-Anisidine value (p-AV) was determined
spectrophotometrically using the IUPAC method
(Paquot, 1979). Oil samples (0.2g) was weighed in
triplicate into 10 mL standard flask, dissolved with
isooctane and made up to mark with the same solvent
to give test solution A. A portion (5.0 mL) of the test
solution A was placed in a test tube and 1.0 mL of
freshly prepared p-anisidine reagent (0.025 g of p-
anisidine dissolved with acetic acid and then made up
to the mark in the 10 mL standard flask with acetic
acid) was added to give test solution B. The test
solution B was shaken thoroughly and was incubated in
the dark for 10 min. A reference solution was prepared
by mixing 5.0 mL isooctane with 1.0 mL of p-
anisidine reagent; the mixture was shaken thoroughly
and incubated in the dark for 10 min. The absorbance
of the test solution A was measured at 350 nm with
UV spectrophotometer using isooctane as the blank
while the absorbance of test solution B was measured
using reference solution as the blank. The p-anisidine
value was calculated from the expression given in

equation 3.1 below:

25 x (1.2 A1—A2)
M

— Equation 3.1

p—AnV =

Where A, = absorbance of test solution B at 350 nm
A, = absorbance of test solution A at 350 nm

M = mass of the oil sample in grams.

2.4.5. Determination of total antioxidant capacity
(TAC)

The TAC of the oil samples was carried out according
to the spectrophotometric method described by Prieto et

al. (1999). The method is based on the reduction of
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Molybdenum (VI) to Molybdenum (V) by the sample
and the subsequent formation of green phosphate/
molybdenum (V) complex in acidic medium which was

then determined spectrophotometrically.

2.5. Determination of physical parameters

2.5.1. Determination refractive index

The refractive index of the oil samples was determined
by AOAC method (AOAC, 1990). The refractive
index of the oil samples was determined at room
temperature using portable refractometer (PAL-3,
Atago, Japan). The refractometer was charged by
opening the double prism and then a few drops of the
oil sample were poured on the prisms. The prisms were
closed firmly by tightening the screw head. The
instrument was allowed to stand for a few minutes
before reading so that the temperature of the oil sample

and the instrument would be the same.

2.5.2. Determination of surface tension
The surface tension was done by counting the number
of drops (n) formed by equal volumes of oil sample

and water using vertically held pipette (AOAC, 1990).

2.5.3. Determination of smoke point

Smoke point was determined according to the method
reported earlier (Hoffmann, 1986). The temperature at
which smoke started coming out from the oil sample

was recorded as the smoke point.

2.5.4. Determination of flash point
The flash point was taken as the temperature when the

vapor from the oil was ignited by the naked flame.

2.5.5. Determination of viscosity

The viscosity measurement was performed using a
viscometer (AOAC, 1990) and it was determined at
various temperatures (30, 50, 70, 90 and 100 °C).
The time of flow of the oil sample under gravity through
the capillary of the viscometer was also measured at a
known temperature and the viscosity calculated as

reported by AOAC (1990).

2.5.6.Determination of specific gravity (SG)
The specific gravity (SG) of the oil samples was also
determined by AOAC method (AOAC, 1990). It was

measured by using a clean and dry density bottle. The
measurement was based on the ratio of the weight of
the oil sample to the weight of the equivalent volume

of water.

2.6. Statistical analysis

The results of this study were expressed as mean and
standard deviation of triplicate analysis. Data were
subjected to one-way analysis of variance using
GraphPad InSat software (GraphPad software, Inc., San
Diego, CA) to estimate the levels of significant
difference by performing unpaired t-test, and were
considered significant at P < 0.05. Pearson correlation
coefficient was also used to determine the correlation
between peroxide value (PV) and each of the
antioxidant parameters (TP, p-AV, TT, TAC and
TBARS) and considered significant at P < 0.05.

3. RESULTS AND DISCUSSION

3.1. Chemical properties of groundnut oil
The chemical properties of the oil samples were
to know the effects

investigated of processing

conditions on the shelf life of the oil samples obtained.

3.1.1.Moisture content
Moisture content of plant-based food plays an
important role in its shelf-life because moisture (as
water activity, a,) enhances some chemical reactions

such as Millard reaction — a reaction between protein

and reducing sugars as well as auto-oxidation in lipids.

The moisture content of the crude and processed oil
samples is presented in Table 1. The values were 7.31
+ 0.2 and 1.63 + 0.2%, respectively, which are
significantly different (p < 0.05). It has been reported
earlier that a very high or low moisture contents may
compromise the quality of groundnut oils (Oyem,
2010). Zehra et al. (2018) reported a decrease in the
oxidation of their flavored olive oil with decrease in
water activity. The same observation was reported by
Oyem (2010) who observed a progressive decrease in
the formation of free fatty acids with decrease in water

activity of crude palm oil stored for 21 days.
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3.1.2.Acid value (AV) and free fatty acids (FFAs)
content

The AV indicates the amounts of free fatty acid (FFA)
that is present in a vegetable oil. It also provides
information on extent to which triacylglycerol in oil has
been hydrolyzed by endogenous lipase and other actions
such as light and heat. The amount of free fatty acids
present is a measure of the quality and stability of the
oil (Farhan et al. 2013). It is well known that FFAs
are more susceptible to lipid oxidation leading to
rancidity and production of off-odor. The determination
of AV is used as a general indication of the edibility of
the oils and stability to rancidity. The mean acid value
(mg KOH/g oil) and %FFA are presented in Table 1.
The AV was observed to decrease significantly (p <
0.05) from 3.36 + 0.23 mg KOH/g oil for crude
groundnut oil to 1.49 = 0.13 mg KOH/g oil after
processing which represented 55.7% decrease. The
%FFA value of 1.69 + 0.12% obtained for crude
groundnut oil in this study was significantly higher (p
< 0.05) than the value 0.98 + 0.03% reported for
crude groundnut oil by Nkafamiya et al. (2010), 0.4
% reported earlier for groundnut oil (Falade et al.
2008) and 0.48 9% obtained also for groundnut
(Obioma and Banigo, 2021). The higher value
obtained in this study compared with what was reported
earlier in our laboratory could be attributed to the water
used for the extraction of the oil (traditional method)
as against n—hexane, a non-polar solvent used in Falade
et al. (2008). Water is well known to aid the
hydrolysis of lipids leading to the release of their
constituent fatty acids. Thus, processing of the oil
obtained could improve the shelf life as well as the

quality of the groundnut oil.

3.1.3. Peroxide Value

Peroxide value (PV) is a primary oxidation product of
lipid oxidation formed from the decomposition of
hydro-peroxide. These compounds could react with
heme proteins or low molecular weight metals to
produce free radicals (Kilic and Richards, 2003)
implicated in the etiology of some terminal diseases

such as cancer and diabetes (Aderogba et al. 2006 ).

The results of PV are presented in Table 1. The values
were 2.00+0.01 Meq/Kg oil and 10.00%0.01
Meq/Kg oil for crude and processed oils, respectively,

which was observed to be significantly higher

(p<0.05) than the crude oil.

Table 1 Chemical Properties of Crude and Processed Groundnut Oil

TParameter Crude Oil Processed Oil
Moisture Content (%) 7.31 £ 0.2 1.63 = 0.2°
Acid Value 3.36+ 0.23" 1.49 +0.13°
Free Fatty Acid (%) 1.69 +0.12" 0.75 + 0.07"
Peroxide values of (meq / kg oil) 2.00 + 0.01" 10.0 £ 0.01°
Saponification value (mg KOH/g) 266.94 +0.12" 207.14 £ 0.25"
Ester value (mg KOH/g) 263.58 + 0.25" 205.65+0.12°
Todine value (I,2/100 g oil) 89.63 +2.89° 103.21 £2.93°
Total Phenol (mg GAE/g) 3.09 + 0.04° 3.83 +0.05"
p-Anisidine 1.65 + 0.03" 11.29 + 0.23"
Total Tocopherol (mg of O(- 35.02 +1.13° 29.26 + 0.92"
tocopherol/kg)

Total Antioxidant Capacity (mg 1.315 + 0.015" 0.101 + 0.012°

AAE/g)

Thiobarbituric acid reactive species 1.325+ 0.021° 1.525+ 0.021°

(mg / kg)

Results are means of triplicate determination + standard deviation.

Data in the same row followed by the same superscript letters are not
significantly different at the 5% probability level.

GAE, KOH and AAE are Gallic Acid Equivalent, Potassium Hydroxide and

Ascorbic Acid Equivalent respectively.

The PV value from this study was marginally lower
compare with 10.9+1.3 Meq/Kg oil obtained in our
previous work (Falade et. al. 2008) and another report
with (10.60£2.27Meq/Kg oil) for noni seed oil
(Jahurul et al. 2022). On the other hand, desert date
kernel oil was reported with lower PV value compared
with this study (Aremu et al. 2022). The variation in
the levels of this parameter across laboratories could be
attributed to the extraction conditions, the climatic
conditions under which the plants were cultivated as
well as the age of the seeds before analysis. The
processing of the groundnut oil was also observed to
cause 400% increase in the PV value. The bench mark
for PV is 5.0Meq/Kg oil (Rudan-Tasic and Klofutar,
1999). The processed oil was higher therefore, it may
be necessary to use natural antioxidant compound to
prevent the increase of this parameter because of

oxidation reaction.
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3.1.4.Saponification value (SV)

Saponification Value is an index of average molecular
mass of fatty acid present in the oil sample (Oyekunle
and Omode, 2008). High saponification values
indicate that the fatty acids present in the oils have a
high number of carbon atoms. The higher the SV, the
higher the fatty acid chain length and the more suitable
the oil is for soap making (Oyekunle and Omode,
2008). The results for the SV for both crude and
processed groundnut oil are presented in Table 1. The
Saponification Value of the oil decreased significantly
(p <0.05) from 266.94 + 0.12 mg KOH/g for the
crude groundnut oil to 207.14 + 0.25 mg KOH/g after
refining. This represents 22.3% reduction in SV due to
processing. The reduction in SV is expected because
during the neutralization step of the processing, free
fatty acids in the oil were converted to soap using KOH
and the soap stock removed, thus, the reduction in this
parameter for the processed oil. The values obtained in
this study were higher than the range of 188.00 -
193.25 mg of KOH/g earlier reported for groundnut
oils obtained from two varieties of groundnuts (Farhan
et al. 2013) and 162.40 + 0.07 mg KOH/g reported
for desert date kernel oil (Aremu et al. 2022) but
compared well with 221.50 + 0.21 - 220.20 £ 0.20
mg KOH/g reported by Nkafamiya et al. (2010) for

different species of groundnut oils.

3.1.5. Ester value (EV)

The ester value is the difference between the
saponification value and acid value. The EV is also
presented in Table 1. The EV of the oil decreased
significantly (p < 0.05) from 263.58 + 0.25 to
205.65+0.12 mg KOH/g after refining, representing
value was

22% reduction. The

184.15+2.02 mg KOH/g and 206.86+0.79 mg

higher than

KOH/g reported for sunflower and tithonian oils,
respectively (Otemuyiwa et al. 2020). The reduction
in ester value as a result of the processing could be due
to the hydrolysis of some of the intact triacylglycerols
by the KOH used during the neutralization step of the
processing leading to the production of soap which was

removed from the oil at the neutralization step.

3.1.6. lodine value (IV)

This parameter is used for the estimation of the degree
of unsaturation of vegetable oils. Oils with high IV are
preferred from nutrition and health viewpoints because
it indicates that the oils are rich in polyunsaturated fatty
acids (PUFA). For example, oils that are rich in PUFA
have been reported to reduce heart diseases that are
associated with cholesterol (Yuan et al. 2004). IV is
also used to measure the extent of lipid auto-oxidation.
The IV is presented in Table 1. The values were
89.63+2.89 12g/100g and 103.21+2.93 12g/100g
for crude and processed oils, respectively. The IV
obtained in this study for groundnut was lower than
109.3+8.312g/100g reported earlier for groundnut
(Falade et al. 2008) but higher than 5.52+0.05
12g/100g reported for desert date oil (Aremu et al.
2022). The 15.1% increase in IV as a result of
processing of groundnut oil in this study could be
attributed to the removal of some of the constituents of
the oil such as lecithin during the degumming stage
which is expected to concentrate the remaining
constituents of the oil left such as IV. This shows that
the processing of groundnut oil will be beneficial from

health and nutrition viewpoints.

3.1.7. Determination of antioxidant parameters the oil
samples

3.1.7.1. Total tocopherol value

Tocopherol is the most important lipid-soluble
antioxidant; it protects membranes from oxidation by
reacting with lipid radicals produced in the lipid
peroxidation chain reaction (Traber and Atkinson,
2007). This prevents the propagation reaction from
continuing by removing the free radical intermediate.
The total tocopherol values in the oil samples are

presented in Table 1. The value for the processed oil
(29.26+£0.92 mg of O -tocopherol/kg) was
significantly lower (p < 0.05) than 35.02 + 1.13 mg
of (X-tocopherol/kg obtained for the crude oil. The
value of total tocopherol was lower than 43.4 mg/ kg
reported earlier for groundnut oil by Falade et al.

(2008) and also below the range of 42 mg/kg and

2680 mg/kg reported for coconut oil and wheat germ
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oil, respectively (Schwartz et al. 2008). The
inconsistence in the level of this parameter is expected
because tocopherols are not stable; they vary with time
in the process of carrying out their function of
stabilizing vegetable oils. Walker and Slinger (1975)
had earlier reported a significant loss of total
tocopherols of their processed rapeseed oil which is in
agreement with our finding. The effect of processing on
the total tocopherol content of groundnut oil was
opposite of what was observed with TPC which was
observed to increase after processing. It is well known
that tocopherols are natural antioxidants; therefore, they
are present in vegetable oils to provide vitamin E for
human and animal nutrition as well as to defend
vegetable oils from lipid oxidation. The role of these
compounds in vegetable oil could account for the
reduction of total tocopherol of the processed oil. The
implication of this is that the processed oil will be more
thus, should be

susceptible to lipid oxidation,

adequately protected with antioxidants.

3.1.7.2 Total phenolic content (TPC)

Phenolic compounds are known to play a significant
role in stabilizing lipids against peroxidation (Falade et
al. 2015) and inhibiting various types of oxidizing
enzymes (Aderogba et al. 2006). The total phenolic
content is a measure of phenolic compounds which may
contribute to the antioxidant property. Phenolic
compounds have been reported to be essential for
human nutrition and also for the maintenance of health
because they protect organism against several

oxidative stress-related diseases such as cardio-
vascular disease and some cancers (Sharma and
Sultana, 2004 ). The total phenolic content of the oil
samples is presented in Table 1. The values were 3.09
+ 0.04 and 3.83 = 0.05 mg GAE /g for crude and
processed oils, respectively. This represents 23.9%
increase in the total phenolic after processing. The
difference in these values between crude oil and the
processed oil was significant (p < 0.05). The increase
in TPC after processing could be due to the
concentration of the phenolic compounds by the

removal of some of the constituents of the vegetable oil

such as lecithin, gum, proteins and so on during the
processing. The value of this parameter was higher than
0.03 mg GAE /g reported earlier for groundnut (Falade
et al. 2008) but lower than 48.85+0.28 mg GAE/g
reported for noni seed oil (Jahurul et al.2022). This
shows that the processed groundnut oil will be better
protected against lipid oxidation, consequently a longer
shelf life compared with the crude groundnut oil, but
the value of PV for the processed oil was saying
something else because it was significantly higher
(p<0.05) than the crude. A similar observation was
reported earlier in our laboratory where the oil of a
specie of watermelon seed (Sugar baby) with the
highest TPC recorded the highest PV and the specie
with the least TPC recorded the least value for PV
(Falade and Obuseh, 2014). This shows that other
antioxidant compounds such as tocopherol and
carotenoid could be contributing significantly to the
stabilization of vegetable oil. It was reported earlier that
contributes 30% to the

total phenolic content

stabilization of vegetable oils (Ray et al. 1984).

3.1.7.3. Thiobarbituric acid reactive species (TBARS)
TBARS are secondary products of lipid oxidation.
These products are very reactive and are believed to be
responsible for the initiation of the oxidation of some
macromolecules such as proteins, lipids and DNA
leading to ageing and carcinogenesis in human (Shahidi
and Wanasundara, 2008). The results of this parameter
were 1.325+ 0.021 and 1.525+ 0.021 mg/kg for
crude and processed oils, respectively. This represents
15% increase in TBARS as a result of the processing
of the oil. The implication of these results is that some
of the unsaturated fatty acids (PUFA) have be
decomposed in to lower chains unsaturated
hydrocarbons such as malonaldehyde thereby reducing

the nutritional value and health benefits of the vegetable

oil.

3.1.7.4 p-Anisidine value
This parameter measures the content of aldehydes
(mainly 2-alkenals and 2, 4 -—alkadienals) formed

from the decomposition of hydroperoxides, products of
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lipid auto-oxidation. It actually measures the extent of

lipid oxidation.

The values of this parameter were 1.65+0.03 and
11.29 £+ 0.23 for crude and processed oils,

respectively. This shows that processing of this
vegetable oil led to 584 % increase in p-anisidine value.
The implication of these results is that some of the
polyunsaturated fatty acids would have been
decomposed, hence compromising the nutritional value
and quality of the oil. The value reported here for
groundnut oil was higher than 0.86+0.11 reported
earlier in our laboratory for crude groundnut oil (Falade
et al. 2015). The difference in value could be due to
different method used in the earlier study. Hexane (a
non-polar solvent) was used for the extraction of the
groundnut oil as against the traditional method which
involves the use of water, a polar solvent used in this
study. Water in term of water activity (aw) is known to

enhance lipid oxidation.

3.1.7.5 Total antioxidant capacity (TAC)

Total antioxidant capacity is a versatile analytical tool
for estimating the antioxidant potential of an oil sample.
It is the measure of the amount of free radicals
scavenged by a test solution (Manach et al. 2004). The
total antioxidant capacity of groundnut oil is presented
in Table 1. A high TAC value corresponds to high
antioxidant capacity. The TAC of the crude groundnut
oil 1.315 + 0.015 mg AAE/g was significantly higher
(p < 0.05) than 0.101 + 0.012 mg AAE/g for the
processed oil. The reduction in the TAC for the
processed oil could be due to the effect of processing
on the oil. Some of the endogenous antioxidant
compounds like O{-tocopherol present in rapeseed oil
have been reported to be lost during the refining of the
oil seed (Walker and Slinger, 1975). Reduction in total

tocopherol was also observed in the study.

3.2. Physical properties of groundnut oil

3.2.1. Refractive index
The refractive index of oil has been reported to increase
with increase in the number of double bonds (Farhan et

al. 2013). Rudan-Tasic and Klofutan (1999) also

observed that a high value of refractive index is an
indication of high number of carbon atoms. The
refractive index of both crude and processed oil samples
are presented in Table 2. The results showed a
significant decrease (p < 0.01) from 1.687 for the
crude oil to 1.682 after processing. This shows that the
processing of this oil has caused significant reduction in
both carbon chain length and number of double bonds.
Falade and Obuseh (2014) had earlier reported a linear
relationship between refractive index and iodine value.
The refractive indices of the samples were higher than
1.464 + 0.002 earlier reported for groundnut oil
(Falade et al. 2008).

3.2.2. Surface tension

Surface tension is the energy required to increase the
surface area of a liquid due to its intermolecular forces.
The surface tension values for both oil samples are
presented in Table 2. The values were 37.84 + 0.94
and 39.63 + 0.02 mNm-1for crude and processed
oils, respectively. These values were significantly
different (p < 0.05) from each other. The difference
in this parameter between crude and processed oils
could be due to the stronger intermolecular forces that
might have existed among the molecules of the purified
oil over the crude oil which contains impurities that
could affect these forces of attraction. It should be noted
that low surface tension oil is suitable for use as a
releasing agent in baking processes and in making
shortenings (Oyekunle and Omode, 2008). This
property given above suits crude groundnut oil over

processed oil.

3.2.3. Smoke point and flash point

The smoke point is the temperature at which vegetable
oil produces smoke. At this point, vegetable oil will
give food that is been fried unpleasant taste and odor.
The flash point on the other hand is the temperature at

which the vapor of the oil ignites. Results of the
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Table 2 Physical Properties of Crude and Processed Groundnut Oil

point and consequently, a high flash point (Falade et al.

Parameters Crude oil Processed oil

2008). The implication of these results is that

Refractive Index 1.687+0.001" 1.682 +0.001"

Surface Tension (mNm™) 37.84+0.94" 39.63+0.02"

Smoke Point (°C) 230.00+2.00" 220.00+1.00°

Flash Point (°C) 300.00+1.00" 280.00+ 2.00°

b

Viscosity (¢St) 30 °C 50.010+0.005 45.779+0.001"

40 °C 39.641+0.001° 37.312+0.001"°
50 °C 31.973+0.004° 25.058+0.004°
60 °C 30.083+0.002°" 23.707+0.002"°
70°C 23.344+0.005 " 20.375+0.002 "
80 °C 18.249+0.008° 13.664+0.005 *

Specific Gravity 30 °C 0.912+0.012"° 0.911+0.011°

40°C 0.910+0.010" 0.909+0.011"°
50 °C 0.909+0.010" 0.906+0.011"°
60 °C 0.904+0.001"* 0.903+0.011"°
70 °C 0.903+0.011" 0.903+0.011"°
80 °C 0.902+0.011" 0.901+0.001*

processed oil may not be suitable for deep frying; thus,

crude groundnut oil will be better for deep frying.

3.2.4.Viscosity

Viscosity of oil is a measure of the oil’s resistance to
shear. The viscosity values of the oil samples measured
at temperatures between 30 and 80 oC are presented in
Table 2. The values ranged from 50.010 + 0.005 to
18.249 + 0.008 cSt and 45.779 + 0.001 to 13.664
+ 0.005 cSt for crude and processed oils, respectively.
The viscosity of the processed oil was consistently and
significantly (p < 0.05) lower than that of the crude
oil at all the temperatures used for this study. This could
be attributed to the removal of the impurities in the
processed oil. Low viscosity has been reported to be
crucial for any vegetable oil to be suitable for use in
biodiesel because it will allow a high degree of
atomization with short ignition delay as well as easy

flow through pipes (Traber and Atkinson, 2007). In

Results are means of triplicate determination + standard deviation.
Data in the same row followed by the same superscript letters are not

significantly different at the 5% probability level.

smoke and flash points of the crude and processed oils
are presented in Table 2. The smoke points for the crude
and processed oils were 230+2.00 and 220+1.000C,
respectively. The results showed a significant decrease
(p < 0.05) as a result of processing of the groundnut
oil. The 4.3% reduction in smoke point as a result of
processing is expected based on the colligative
properties of liquid. Impurity is known to raise the
boiling point of a liquid, therefore, the removal of the
impurities in the oil will account for the reduction in its
smoke point. The flash points for crude and processed
oils are 300+1.00 and 280+2.000C, respectively,
representing 6.7% reduction. This significant (p <
0.05) reduction can also be explained using colligative
properties of liquid given above because, whatever
reduces the boiling point of oil will eventually reduce

its flash point. Crude vegetable oils generally have a

high FFA content with a corresponding high smoke

order to use this oil for biodiesel, it is important to first
process the oil since processing was observed to reduce
the viscosity by 8.5% making it to be at par with Olive
pomace oil (45.27 cSt) used for making biodiesel
(Selaimia et al. 2015).

3.2.5. Specific gravity

The specific gravity of the oil samples at temperatures
between 30 and 80 oC is presented in Table 2. The
values ranged from 0.912 + 0.012 to 0.902+
0.011and 0.911+ 0.011 to 0.901 + 0.001for crude
and processed oils, respectively. Although the values of
this parameter reduced consistently with the
temperatures used, the reductions were not significant
(p = 0.05). The reduction in specific gravity although
not significant could be attributed to the removal of

some of the impurities (lecithin, gum, proteins, free

fatty acids et cetera) thereby reducing its weight.

4. CONCLUSION
The study reveals that processing of the crude oil could
increase peroxide value (to 400%) and significantly

decreased acid value (55.7%). Saponification value of
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the oil was also observed to decrease significantly (p <
0.05) after processing, consequently, processing of the
oil is not recommended for oil to be used in soap
making. However, processing led to 15.1% increase in
the iodine value, and 23.9% increase in total phenolic,
therefore processed oil is desirable for nutritional and
health viewpoints but this cannot be said of total
tocopherol which decreased by 16%. In addition,
processing of the vegetable oil led to increase in both
p-anisidine value and TBARS and decrease in TAC.
The processing of this vegetable oil also affected some
of the physical parameters such as refractive index,
viscosity, smoke and flash points which decreased
significantly (p < 0.05). Likewise, specific gravity
decreased marginally but surface tension increased

significantly (p < 0.05).

The processing of the vegetable oil seemed to have both
advantages and disadvantages; hence, processing of this
oil should be based on what the oil is to be used for. In
order to protect the antioxidant compounds in this oil
such as tocopherol, it is imperative to defend this oil
with antioxidant compounds extracted from medicinal
plants. The removal of pro-oxidants (Fe, Cu, Zn and
other multiple valence transition metals) using
sequestrants such as EDTA could also be helpful.

These could form the basis for future study.
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ABSTRACT

Ya-Hom Thepphachit formula are Thai traditional medicine listed in the National List of Essential Medicine (NLEM),
which was the powder infused with hot water. The development into tablet form often problem about flowability of herbal powder in
direct compression. Therefore, solid dosage form the granulation preparation technique is commonly used. The purpose of this research
was to the evaluation of various starches as binders of Ya-Hom Thepphachit in tablet formula by using the wet granulation technique.
The following physical properties of Thepphachit powders have been studied: flow property, bulk density, tapped density,
compressibility, hausner ratio, estimation of mixing uniformity, dissolution, moisture content etc., including the antioxidant activity of
formula by DPPH, ABTS and FRAP methods. When, devided the extraction 3 methods: infusion by water, maceration by 95% ethanol
and dispersion in kasaiya water from flowers. The tablets were quanlity control evaluate followed by United states pharmacopeia 40
(USP 40) such as weight variation, hardness, thickness, diameter, friability and disintegration time, when various binders 7 types
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using: tapioca starch (TS), glutinous rice flour (GRF), dark rye flour (DRF), finest rice flour (FRF), corn flour (CF), pure corn
flour (PCF) and corn starch (CS). The study found that the Thepphachit powders has low flow properties, high moisture content
because it contains fiber and essential oil of herbs, powder is fluffy and moisture. Thus, the direct compression was difficult and
powders prepared in wet granulation. The 95% ethanol extract had the highest antioxidant activity in DPPH assay (IC,, = 27.95 +
4.78 pg/ml), ABTS assay (VEAC = 0.42 + 0.01 mM/g and TEAC = 0.28 + 0.01 mM/g) and FRAP assay (FRAP value = 0.72
+ 0.01 mM/g). From evaluating the quality of tablets found that the CS is the best binder by highest hardness (2.82 + 0.07 kp),
low friability (0.0550 + 0.02 %) and fastest disintegration time (17.91 = 0.12 min). While, PCF and CF were the second most
effective, respectively. At the same time, PCF (0.0081 + 0.00 %) gave a better friability value than CS. Alternative, PCF is the

binder for instead CS for Ya-Hom Thepphachit formula because the quality of PCF is the same as CS tablets and gives a lower

friability.
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gn 72 % 50Ltﬂaﬂﬂamzﬁﬂmauﬂ'ﬁﬁla\iazmﬂﬁlﬂ (e
azaansaaanusslalasaunulaanazaseslula
afagiradsuiiumesndunuadeamie vy
Wldasuazanaznay (Sriroth et al. 2007) MU
fiasdnmmslmnsiamadunilonomwe 7 #ia fm
loheluresnaa da wilesiy, uthimwmilen, ullin
Isdden, uilinihldhsiedes, uilvminesie
Corn flour, 41}9213Twazdia Pure corn flour wazuile
#Tweniia Comn starch Tumsase$u Tasfimsudly
JayynnsnanasYBNENMaNMWAA ST LN oty
g‘lJL‘fJuLﬁﬂlﬁtﬁmmnﬁé’mnmﬂwawmmmﬁ@iaﬂim
idemahueenliaglusiuuuunsyalonuaziiiy
#5728 118628 Magnesium stearate Hananiidalsans
inUSnanitamsaanasafiianuaansalumsaan
a6 "7; gy @28 Cellulose microcrystalline LasNOFEDU

AaumwiiamNnmsugaNmnaasildastiaie

LMIZUANANAUNINNINTFIY USP 40 (2017) LiND

v
=l

danlgansiamenmanzanlilamsuennaunning

Tugvuuvendianfiquaiw wasiuwuamelums

@

WHUINEN N i ﬂmaumw%m'{lugﬂuuumtﬁﬂ
d‘ é‘ [~ v [l ¢ o v =
maaﬂqwmﬂumlﬂamqaummmmﬂﬂumwnm

meediinga luluswae

2. 1aAuazidns
2.1 i’a@uazmstﬂﬂﬁ?ﬁ‘lwm?fﬂ

K9 LS UENINNINT 46 A, WL
wazMIyYs NnHuneedygelodn Wniauasusn
ihasnldmea :rnusem @S N0 LuNIULa
(methanol; CH,OH), tan 1U8d (ethanol; C,H,OH),
TwundidentuasdatwWa (potassium persulfate;
K,S,0.), l%LAanuddLian (sodium acetate;
C,H,NaO,), nsauwad@n (acetic acid; C,H,0,),
2,4,6-laslnSAa-tea-lasazdu (2,4,6-tripyridyl-
s-triazine; TPTZ), n5alalasaaasn (hydrochloric
acid; HCI), lanau (M@aaalsd (iron(IM)chloride;
FeCl,), tWas5atatne (ferrous sulfate; FeSO,), Uan
Tad (lactose monohydrate; C,,H,,0,,+H,0), Hulan
3U (ninhydrin; C,H,0,), Tndaulaasenlas (sodium
hydroxide; NaOH), Twunaidanlalalas (potassium
iodide; KI) LhagLaa g‘[aa (cellulose microcrystalline;
(C,H,,0,),) AR. grade I1AUTHEN Merck N30
wad@masUn (ascorbic acid; CH,0,), 17L& o u
TwunatZeunisinse (sodium potassium tartrate;
NaKC,H,0,) uas@NWLay (2,2-diphenyl-1-
picrylhydrazyl; DPPH) A.R. grade PINUIHN Sigma-
aldrich + @ 4 9 t 8 & ( 2,2-azino-bis (3-
ethylbenzthiazoline- 6 -sulphonic acid; ABTS) Lt 8 ¢
waaWr-InTaWsaa (alpha-tocopherol; C,4H,,0,)
A.R. grade 99NU3HN Calbiochem laledu (Todine; L)
A.R. grade 310 U3 '3 Ajax finechem @ a1t a9
(ID#atWe (copper(Il)sulphate; CuSO,«5H,0) A.R.
grade 3NUIHN Alpha chemika WNNULTEN FLHaLIN
( magnesium  stearate; Mg(C, H,,0,),) 31N UTH N
#9870 9100 wileNy (tapioca starch) ailadi 1 90
uSEN Hrugu uilidmiled (top quality glutinous rice
flour) @51 new grade 110UFHN InenWaldsand
100 (umzy) uilitnlsdde (dark rye flour) @9

stone grind AINUIHN imported from australia wilednn
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i Tsivhoiiafiias (finest rice flour) AIFIHAN N
viEn unidoalne S0 uilsdlneyiie com
flour a91AUDY NNUSEM gildnaslng Taaded i
wilednIwaudia pure corn flour @51 WHANILTH D
u3En Aauduuda Wa e wilinlwesiio com
starch #3571 Tungn NUIEN VIenaNduLAas Ya
fne
2.2 MISASINEITUSIVANNNINT
%"qmaagulwamuﬂszmﬂﬂmxnssumsﬁmm
SETUVEIWYIBIR W.@. 2555 LA8N9E) 366 g
ﬂssnaué’mﬂqulwnwiawﬁmﬁmswdauﬁqﬁ aan
WNA, ABAYUUIA, ABNENSH, LNFTUINGN, ABNN

a

2N, ADNUILNDY DEINAT 4 g ADNNTD 183 g [

a v

NeNgA, HINEN, ENsuM, Bduasimy, Adniu,

U
[ v

fdule, dudeIriu adnas 4 g fdug 28 ¢
Tngae, Ingan, Ingwith, Ingides, Ingamauw,
Tngnszgn, IngMuwidn, Tngwadar, Tngugisd
2898 4 g LABUAY, (NaUWLeN, LHauand, thay
flden, tisuaanuay, tReuewid, (s
daaywd, leundavas, Wsumnu ades 4 g gn
Junid, ABNIUNI, GNNTLNU, ABNNUNG, WALIUNY
Wad, WAUAUNUZII, NQUI, NSLEIND, VBUABN,
wWaenzzge, tWasnauwge, Hitdsisvan, 510
ulNvaN aENeL 2 g WHLAN 4 g WBENITYT 1 g M
maanesaulnsudazgiialumsuenvanmninsl
hnumudaNaunegunawhlulFnu
2.3 MSANMIENUANINMINMWIBINIEIAUNTSAG
HI5U
2.3.1 M3ANINIIBavasae

e 100 g unseiisennadus
Audnan 1 cm T,(ﬂﬂﬁmu(ﬂiﬁmmgq'ﬂmﬂiaﬂﬁﬂéaﬂ
HAENAINYINNY 30 uAes MnuSesaiuay
ANNGIUDINDINIEN 113 M1@" angle of repose (0)
1INGAI Tuaunsi 1101510889971 3 A59 1
Anaae Tage angle of repose Aldausouannis
Tnawoanaenlgaansad 1

0 -

tan " h/r (1)

angle of repose

= ANNPNUYNNDINNED

SANpInNDINEN

h
_ 0

T

it 1 matanasseeiivamagm 0

-

2.3.2 MSANWIAIAINHUIUYUTIN (bulk density)

9197 1 FuUAMSIMauaneEn U@ angle of repose

Flow property Angle of repose

Excellent 25-30

Good 31-35

Fair-aid not needed 36-40

Passable-may hang up 41-45

Poor 46-55

Very poor-must agitate, vibrate 56-65
Very, very poor >66

(Monton et al., 2014)

uagzﬂ'nwwmmiuﬁiuwwﬁ'gnﬂ@@”u (tapped
density) 289698161335 USP 40 (2017)

¥N15¥ bulk density W% tapped density 28
Kagn a3 USP 40 (2017) lagldnszuanaiaua
250 ml ussyeaEnayulnsUInies 100 g Guiin
U3N1ASHIEIABUNITLAIE NEIRINBUTINITLANE
ATLUBNANAUNEIDAUUUAIBID manual laevins
LAIEN5EUBNANTINIL 10 ASahiu SufinUsaas
NIEIUAIHIUNITLAIENI BN IHD AUUU LA W3
AUIUNT density mngmﬂuaumsﬁ 2 uaz 3 M9
NAABNT 3 Ase MERAE

D, = M/V, (2)
D, = M/V, (3)
il D, = bulk density (g/ml)
D, = tapped density (g/ml)
M = shwiinwaswen ()
v, = USnasuaeeennau tap (ml)
\A = U31e5u998en%as tap (ml)

2.4 n1sAnwIAIAIINGINITaluNITAANE
(% Compressibility) 288N

21n@7 bulk density Uaz tapped density fivha 3
a1 thinduama % Compressibility l@anaums
it 4 tamenas

% Compressibility = Tapped density-Bulk density x 100 (4)
Tapped density
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2.5 ﬂ’)?ﬁnw’)ﬂ'"l Hausner ratio 2aNHNED
N15@1UI Hausner ratio MY 3 A9 dIN150
Mwnaldnngnsaaaumsii 5 tlemanade

Hausner ratio = \Y (5)

o

v,

Taaan Compressibility tt8¢ Hausner ratio el
MINSOUBNANNFNNUS NI LY LAAIINTINN
2

M50 2 FuUANSIMeYDINeEN A UA Compressibility index Wae Hausner

ratio

Compressibility index Flow property Hausner ratio

<10 Excellent 1.00-1.11
11-15 Good 1.12-1.18
16-20 Fair 1.19-1.25
21-25 Passable 1.26-1.34
26-31 Poor 1.35-1.45
32-37 Very poor 1.46-1.59
>38 Very, Very poor >1.60

(Monton et al., 2014)

2.6 MINATIUAIININUINIYIINITHAN
FieenanNnans 100 g NIV UNTTOH
A4 Lﬂugﬂnsmﬂ:‘i’w mnﬁv'uejué";ashqaanm 530 99
GERY hehathansenlazareiuazsusanasyas
1 ilFlunsazansreenaunne Maae 189y
uanem lunihansuaaaihazare 1 10803

2.7 MIANYINITALAISVDIENY

Farsgnvamnnans 0.1 g asludininad arah
neuldnszuana 10 ml deeq veathasly el
gazangaunse suldinasreuhnlylumsazans
NANSTUBNAN TE 3 AS1 NG
2.8 Ms@nwSH1amINEY (% Moisture content)
YDIENET

Faghaeamaevanmnins 5 ¢ ldasluaaves
L389TAANNTY (i%® Mettler Toledo 94 HB43-S
Usznadiomasuaud) suilgamail 80 °C uiin %
Moisture content fahulganiaias dmsumsians
mm%uwaqaagulwsmumm%mmgmmé’mi’w%’u 1o
szuﬁwasgulwsLL17Nmsﬁﬂ%mmmwn%uhﬂﬁu%aﬂaz
10 mni’mﬂ%mmmm%uwmmmaagulwﬂﬁ@u%’aa
az 10 lithmemayulnsiumsauiiaaatinn
anaudenamhl1Flumsaanede

3. MIANMIANUANISHIUDUNDFTZYITISAN AL
naNMNNINS I IazasufaUiin
3.1 MSASINTITTNALIBANNNINT

MMIFNAEITITUEINBNINNIAT (FATTITUMN
UseMAAMEZNTINNITNAIUITEUUVEIURIBIG W. 6.
2555) lagl#3iSn15anm 3 35 Aa n1529 (Infusion),
N1SV¥ NN (Maceration) LaeIDNITNILANY A
(Dispersion) ﬁ\i“ﬁ

3.1.1 M3aRE1833M519 (Infusion) Faeh3uen
WANINANS 15 ¢ 1d813auU31195 500 ml A
Tghiu Wunar 10 i

3.1.2 N5aRAE1835n15WaTn (Maceration) 4
MSUNVBNINNINT 100 g ldavluny ninee 95%
@MuUealinnas 500 ml ﬁqﬁﬂﬂuﬁﬁmﬁqquﬁﬁm
Wuna 3

3.1.3 MIENANIEIENIINTLAIBA (Dispersion)
FadSusannwins 15 g azmegistinszaeen
(iheaenldng) Usinas 500 ml auldshay dunm
10 Wi

3.1.4 nsasansazmanavinelude 3.1.1 - 3.1.3
@18N52AIHNTDY Whatman No.1 WRITELHAAIN
asamiﬁuﬁqﬁmLﬂ%aﬁzmaLLﬁﬁzuuqmﬁywmmmu
nyu (8%o BUCHI 51 Rotavapor R-210 Uszin
Fawasuaud) thuasana 3 lglumsenzvisau
ﬁ'ﬂlﬂﬁqquﬁ 15°C dwnadenazuesansananle
MAFNMTT 6

ihntihansananla x 100 (8)
NN NS HAY

% Speavupaansane =

3.2 n1sﬁﬂmqwgm”waya‘gaﬁasgwaamsan”m9775”11
SIRANNWINT

3.21 135 2, 2-diphenyl-1-picrylhydrazyl radicals
(DPPH)

{@38N§I58zaN8 DPPH radical (349U 0.2 mM
UAZAIBENFITINAAITULINDNINNINT (stock
solution) fiANNENTU 10 mg/ml Tagdeansana 0.1
¢ aza181u methanol 10 ml MNHUFaa9E5azaNY
Wisienudndulugn 10 - 1,000 pg/ml UHAzen
Toetlilamadasanauaazanudndy 1 ml thy
DPPH 9 ml lunaaanaasy (aaulasa1n Manok &
Limcharoen, 2015 wa¢ Kim et al., 2022) e 9
fu aaieliluiiiia 30 wil iluTammaganauuas

fiNINE1IAAY 517 nm 928LA389 UV-Visible
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spectrophotometer (§ﬁa BECKMAN COULTER, 2 U
DU"720 Useinaanigawdm) hmamaased 3 A%
LFBUNBUAUEITNINTFIU ascorbic acid WY o~
tocopherol Taalda150¢818 methanol 11 blank waz
a158za18 DPPH tY1@7 control @11784 % radical
scavenging mﬂaumsﬁ 7 WATNIA) IC,, NNaNIT
noaesiily

% radical scavenging = [1- (A Aol X 100 (7)

sample/

Wa A, A8 A absorbance 130 ldvasansasmedinaniu
DPPH (a2
A, @8 @ absorbance NIAl@2a9 DPPH was@Im

control

azanad by

3.2.2 35 2, 2’-azino-bis( 3 -ethylbenzothiazoline- 6 -
sulphonic acid) (ABTS)

L@38NEI5aZa18 ABTS LANTY 7 mM wae
d198¢878 potassium persulfate LANTU 2.45 mM
wasmntmhasazaendannuantulusandn 1
£ 0.5 mudey aanal3ludifiaUszana 12-16 #laa
aaui lU1lF9u 1399198159za18 ABTS™ Gae
tomuaalridisimsganauusslugg 0.70 + 0.02 i
AIINENIAAY 734 nm NNUULAZINGIBEIENSHRA
FSULNVBNINNANT (stock solution) NANNLTNTY 1
me/ml Tagdsansane 0.01 ¢ avanely ethanol 10 ml
ufAsenleslidadadneasana 100 pl waaLdu
asazany ABTS™ asli 10 ml wehlishiu daiel3
6 il i luiadmaganduuaiinnuenaay 734
nm (#auUa937n Manok & Limcharoen, 2015 Wae
Re et al., 1999) é’)ﬂtﬂ%aﬂ UV-Visible spectro
photometer ( § % 8 BECKMAN COULTER, § U
DU"720 UszinAanigawsn) mmanaased 3 as
W3BULHEUNUSI TN ascorbic acid (AN
0.06 — 2.4 mM) L@ o-tocopherol (AITNLYT N Y
0.05 - 2 mM) laalda1582a18 ethanol 1T blank
WEAIA ascorbic acid equivalent antioxidant capacity
(VEAC) Tun1iag mM ascorbic acid / g (dried extract)
waza o-tocopherol equivalent antioxidant capacity
(TEAC) Tuvile mM o-tocopherol / g (dried
extract) MNAIAU
3.2.3 35 Ferric reducing antioxidant power (FRAP)

LA38NEIT82818 FRAP reagent 270 (1) 300
mM acetate buffer pH 3.6 (2) 10 mM TPTZ Tu 40
mM HCI uag (3) 20 mM FeCl,«6H,0 iasazang

wa 3 wmansulusasidiu 10:1: 1 arudrau
LASBNAIBENNFITINAGITULIVDNNNINST (stock
solution) 1AV NLFNFY 0.1 me/ml Taadeansana
ayulwsn 0.001 gazaraly ethanol 10 ml ¥
ﬂﬁﬁ%ﬂﬂmﬂNauaﬁasmﬂéfqm'mﬁ 3

; . -
mand 3 Ujisenuaumeimsnadaugndimusyyadasslaeis FRAP

ana

Parameters Ufnsemanucazvaan

A Sample (conc. 0.1 mg/ml) 1 ml + FRAP reagent 9 ml
(Test sample)
B (Blank) Sample (conc. 0.1 mg/ml) 1 ml + Acetate buffer 9 ml

C (Control) Ethanol 1 ml + FRAP reagent 9 ml

wenlvshiu aanals 4 indi i lUIammsganauuss
#A1N817A8 Y 593 nm (§auUat91n Manok &
Limcharoen, 2015 8¢ Benzie & Strain, 1996) 078
L@ % 84 UV-Visible spectrophotometer ( ﬁ )
BECKMAN COULTER, {4 DU"720 Ustind
ansgawwsm) hmilalumuumaaumsi s uaz

MNSNAFNT 3 ASILNBINAILRRY

Absorbance = A -B-C (8)

¥1A1Laae absorbance BlgLUSaULTBURUNSIN
NA3FIU ferrous sulfate (FeSO,) (ANNLINIYU 0.06
~ 3 mM) MUIAI FRAP value Tuniie mM Fe®'/
¢ (dried extract)
4. MsAnwanUan T uadzasa1sdninizunas
>in
msasmiusifiasveninninsazlFasiame
wan@19fy 7 ¥iie tieUszsiiuantarauiing
Togansiaumzils 1dun uilasy (Tapioca starch; TS)
wil9g1wiie (Glutinous rice flour ; GRF) w4217
156d6 (Dark rye flour; DRF) wiladhaidlsithaiie
NieA (Finest rice flour; FRF) w92 lwasiia Corn
flour (CF) uil9217Iwazniia Pure corn flour (PCF)
wazuiletIweziia Corn starch (CS) ¥In15dnM
antaneiiefitoedurasansionzudacyiia
w3snansazans 1% lagdauil 0.5 ¢ azansluthdau
50 ml aulsindu Thhnaudussazasaiugu

ihlunagauasil

4.1 mmedavanvauasnslulaesezialwaudea
Cd
A lse
Yuaasazars 1% veauilans 7 e adeas 3
ml 39 lunaANeany MNUUVEaEITazaIalaladu
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v

1 vee wanliishiy Tuiindfifiedy (naulndh
Qu-119 waaetamsiulndudaalse)
4.2 MsnadavanUanuaiuainsnazilu
Yuaansazans 1% vaauilang 7 #iia atheas 1
ml 891UYa80 LANFITaLaIe 0.1 M Sodium acetate
buffer, pH 5.0 ATNAI18FI1I82818 0.2% ninhydrin
atheaz 1 ml wehlishay ihludalmhidan 5 i
U ETA0NY (WaUnFae-ues uaeedeiinsaasi
Tw)
4.3 mMInadavanUan AN lUsHY
Yulassazans 1% vasutlang 7 wile atheas 2
ml a4lUVaBANABDY LANEISaLaIY Biuret reagent
waaeaz 2 ml wenlishiu sanald 30 il danaad
Aadu (HavIndihiiu-1h udesdemsidiulusau)
5. MSAGEISUINIANINIFISUE AR
msmmdusnifiannwidugvenmnias axls
538 9 Avhiuldiumen nwannliduendio
ﬁﬁ@mauﬁaﬁmmzau Taglgaasarulumsuanns
MNST 4

= : a < ' o
AINN 4 muﬂiznammmwaumwamﬂuEULLuummmmazm‘su

% aomandldlunsnamsuandio (g)
dvlsznay
w/w F.1 F.2 F.3 F.4 F.5 F.6 F.7
[ANERVREY 58.82 88.23 88.23 88.23 88.23 88.23 88.23 88.23
INIAS
Lactose 28.68 43.02 43.02 43.02 43.02 43.02 43.02 43.02
monohydrate
Cellulose 5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
microcrystalline
Magnesium 0.5 0.75 0.75 0.75 0.75 0.75 0.75 0.75
stearate
TS 7 10.5 - - - - - -
GRF 7 - 10.5 - - - - -
DRF 7 - - 10.5 - - - -
FRF 7 - - - 10.5 - - -
CF 7 - - - - 10.5 - -
PCF 7 - - - - - 10.5 -
(& 7 - - - - - - 10.5

nMasgnunsyallanve s sue udng e nans

1) FINGEIHOUNNIATAINNA1UIY AiD 88.23 g,
Lactose monohydrate 43.02 g L1a1 Cellulose microcrystal
. o & & o w Y Y o
line (MUIUATINUIVINATU =3.75 g) weru v nu

2) 158U starch paste 10% USu1a1 105 ¢ AT

v A o

A% %91 1197N beaker (181 Y119 250 ml WS OULN A

}
@

Au Fauila 10.5g 1a1u beaker nsz 1809 Tusinn

a 9 a 3 v Ao o A
g ANeIUszuIa 10 ml Ao UNMIALADA

K} &

] < °
Uszanal 90 ml udraueias wazainauoauld starch
o 3 o I
paste Ys1iimiin 1w 18 105 g deriniu
1 a A g 2 a
3) DB 1AW starch paste N1duAITaoliguvigil
sz 70°C Tuaiunaude 1 walmididuanla
damp mass Namsaruus e Idamdesms e 1ul4
damp mass Elﬁlﬂlﬁ]ﬂc] wniauld damp mass ﬁmmx’du)
4) 111 damp mass 118 11/W114113 99119 12 mesh tnae
I#nszneuuna udniunsyaidlonldoundaludenn
a 3 <
gl 50 °C 1uan)szana 4 131
o ' ' 4 4 3 o
5) NI YaRIUIT BT 16 mash HEIFUIMITNVES
Y Ay y
unsyauian 1@
6) %9 Cellulose microcrystalline $1UIUATINHIVDY
o v A A Y ¥ o ¥ a
AarTunivian (3.75 g Hau 1910w 91U ULA Y
Magnesium stearate (0.75 g) aufSunmiszy 13 ludsy
o 1 { I <3 1 4
7 ihaunaui1a ldaeniludia TaslHnasesnen
< a a o v 3 o &
ouiia llihyiaan@er svualiivingdae 250 -
<
280 mg ANMULYILTEIY 3 kp
6. MINATOUAMUMWITAL 1IN UL THOMUNNINS
° a wa <
mmsdszidivuagnageuauianianien nveula

B NTO AN UANIATFIUVDS USP 40 (2017) 1A

a9

@

Dietary Supplements @Nidjl/
6.1 Anndiganuvenimin (Weight variation) 10N

quiredandauaaziiusiuam 20 e e
vhminougaziia Tnonieasazison 4 dumiis (fivi
Metter toldo, iq U Mew classic MF Y5zt nd
FAawasuaud) tufinhminfimiveuvessudaziia
Tuniae mg Wiy 1 ya msnageUs LA 3 A
Ampuvnihminmas tazmifieauvesiniineuda

9
uaazya lunaazdisuaniulszsiiunalaoioy

g o A do v Y & '
umuﬂmaﬂﬂmmm"lmﬂmaﬂaz FAVEHTUNIANTITU

=

Y o A~ < " a <
AMUUDNIHUA USP 40 (2017) wetleuiia luny 2 e
=} ~ a I 9 1 o Y A
ganueuuuaausosasu1nni19IUIUToEAEN
13 Y @ d' 9 (= d' a
fnualiaanisan 5 vazazded lulianudsuuuan

3 Y ' ' Y} A o v
!‘]J‘Lli’t‘)Elﬂzll1ﬂﬂ’J1ﬁi’Nm1"'Ui’Ni’t‘)EJﬂ$Wﬂ1Wuﬂ‘l’J

a91fl 5 damwuamanudssuurenhwinefiemuinasgiu USP
40 (2017)

K o 4 o« v ]
minmadsdaliin (mg) $288ANINUANG
NNANUIBLINAY 130 10
nNA 130 e 324 7.5

NN 324 5
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6.2 AIINUT (Hardness), A4 %4 ( Thickness)
uamﬁ'uﬂhuguﬂ’nma (Diameter) YauNnen
guanadeliont 10 e Jaanuude Guiin
waluninenlavaud (kp) IaaNunuILazIFUNIY
gudnany tufinwalumiafiadnes (mm) logld
Lﬂ%’m Hardness tester (ﬁﬁa Pharma test, ‘éu PTB 311
E Yszinagasnil) dudu 1 40 ¥nsnagaud
e 3 ade
6.3 A1unsau (Friability) vaauinen

1w [l

duenadneliaiuiu 20 e Tniaunaiinnmn
fugndie hmstlagldiaiatsazidon 4 s
waefiefideudaluisia3aq Roche friability
(i%® Pharma test, 3U PTF 20E Uszmeigasuil) (Wa
LA%BIUIY 4 W7l (100 58V) LiBasunm Wheie
mvuandaiauneeananase i luFsinined
wald Tufinug e 3 ase duidu 190 s
NOFOUMIVING 3 %0 demadudssuuais ud
AU % friability Geaunsi 9 lagaudamnue
USP 40 (2017) MsUssuiiunaiiaeuaniain
ANNNTDY (% friability) (Tudeeaz 100 wazenidia
A2EUINATTIUED % friability LaitAuSasas 1

% friability = Wntinesduupsedie - thwinedenasnasay (6)
thuinasduaasenidia

6.4 138710715UmNE (Disintegration time) YBIGUNA

msmum lumsuandvesentiamandaisu
USP 40 (2017) Iﬂﬂlﬁm%m Disintegration apparatus
(#%@ Pharma test, 34 PTZ 18787 Ussinataasnil)
fumaumsnagaudail

1) duendadiiuiy 6 wiialdasly basket-rack
assembly udrgnasluthnaugmmgd 37 + 2 °c Tas
Lﬁaﬂﬂ basket-rack assembly %ugqqﬂ ATUNTNAINADY

I
1o

agenNszauiningaun lumzuzlitaani 2.5

cm UWaELNBLATBUMNENEN AUNNAINABIBEWTBNY
mzuzlataeni 2.5 cm

2) FULIBIGAUE basket-rack assembly Juaaluih
nau

3) duinnanldlumsuanal lagansieay
a o ' & = < & = o
AaluAndezaeentlio 6 L0 lagend 6 L 3Lhag
LANAIAUNNADIALTUTN D LF UM SLANH 11D

MBENNLIAENNG 6 LA UWANFINNALA TSI Feu

[}
o

nldneaaaulvi waznagauiluds 1-3 8nAse

vhihavae 3 59 Tudu 1 10 hmsnadaunanug
3 %0
4) Fnadmasusrdudsuuueisyem

Tumsuandmzasendia Tageidaaziininasgiuma
#aAI1WUAYDY USP 40 (2017) ¥uI1@ Dietary
Supplements Lilpenifiauandavnamely 30 i m
6 Liia wiadil 1 wia 2 Wiauandlinue Tihuis
5n 12 (e waznnnanue 18 e dasiilsivasniy
16 (e fiuandavue
7. MINANISHdaYINNADH

AsAnENTANIIN AT NYDIHIEIADUNITH
Gh%'uuamﬂ'mgaﬁlugmmwawhmﬁ'mazdmtﬁmmu
mmgmwaqmmﬁﬂ (mean + SEM) @uns@nu
auUimseuayyadaszaaasanaeaNnnInglu
Mhazaauaazsile 'i'mﬁqm'iﬂ'iuﬁuqmmmﬁmm
YaefusmaNwansiie e siaimeiatuuand
ifagaiugﬂLmuwaqmmﬁlﬂuaxdamﬁmLuummgm
N ICE (mean + SEM) It@51¢HANULANGINVD
Bayalaald One-way ANOVA wastl3auiiisunny
wanegeevdayalaalyd Duncan Aszauted @
p<0.05 Malusunsaidtanzvdadasisagy SpPSS

3. HAANE
3.1 UaNMIANWIFNUANINAISAINYBINEIABUNTT
A5y
RINNMINATDUTNUANINNIEMWYDIHIEI VDN
mwﬁmfﬁqﬂszﬂaué’wﬁamaqulwséwﬁ@ 46 LN
WU HNENYDNNWANSHAY angle of repose (0) 15
“7; 42.41 +1.86 ‘?!I\‘tl,‘ldJ UL Passable-may hang up
Usenaunuaianudinisalunisianie (%
Compressibility) ha e @1 Hausner ratio #@1t¥1AU
36.56 + 1.10 Waz 1.57 + 0.02 MINEIAU UFAII)
Qmauﬂ'ﬁwaqmsn'vaaumw%magﬂummsﬁmﬂwaﬁsﬁ"w
fea1an aradlasinanludulstnaudians
anulwsnangyiio Lﬁaﬁmmammﬁ’uﬁaqulwsmq
gilafiinenadlaniausadoamulumsiva Sahle
d3uiimsluaion saefienusiEnareImsHang
maglussaud ansnarmemilddfigunnives e
aeinliasifoaznauuaufudihmaidniion G 2
AadMsaTan@arIIAY 0.05 g/ml Ty

N9EY 5 g iAILRdESEaTAIINTUYDINIEY (%
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Moistue content) agiﬁ 7.34+0.12 % ‘?Nagﬂumm‘ﬁ
unasUTEIIuTissyhdeliiiuiesaz 10

7UN 2 dnunissevaNWIRIUATMTaTMY

3.2 HanIANMIANUANI S INaYNADATZYDIATT
anaevasmnninslumiasalsunassin
f\nnmawmaaquéé’maqgaSaswaw‘iﬁum
BaNLNNIAN5A21835 DPPH, ABTS uaz FRAP assay
Tagl#58msanauazdrnazarsfiuandeiy wui
saramIusreNmNARsTiatalaedsmntngis
95% L@Musa iannamsalumsmnusyyadaszla
witgalunnizmasnaday Tasdiey Ic,, whiu 27.95
+ 4.78 pg/ml \ilonadau@ie3s DPPH assay Tuzaiz
ﬁmsaﬁ'ﬂmwaumw%mﬁaﬁ'ﬂ’luv‘ln%%’lﬁmsé’fug'q
ayNadasy DPPH Hoenina1aNIasgIunsa
wodAasdndeiien IC,, t¥AU 3.89 + 2.18 ug/ml
2zLAEINUA VEAC Waz TEAC 2a9d15anaensuen
NoNNNINSLABITNITNNNAIY 95% LamUaaiiad
(MU 0.42 + 0.01 mM ascorbic acid/g ez 0.28 +
0.01 mM al-tocopherol/g MUAIAU Lﬁamaanﬁm
35 ABTS assay ez @1 FRAP value L¥W1AU 0.72 +
0.01 mM Fe’'/ g tilanadaudieds FRAP assay lu
PR EI AU SUEN I NIINA RS AR na1838M 529
$roth¥aunarmsnsznadiluthnszaraen e
VEAC ua¢ FRAP value Wuanaanuluds ABTS was
FRAP assay 6am 3197 6 lagfinsafagieisnise
grehdaumiidlunalilsinasesazaasasaia
Qqﬁqﬂ (85.52 %) Turazimsanadeisn1svan

a8 95% LaMUDD UM aEazaIEITEN ALY

]
~

90 (6.19 %)

q

; < o - o
AN 6 Naﬂ'ﬁ‘vlﬂHB‘UQ‘Vlﬁé‘ll'luﬂiélﬂaﬂaix’ﬂﬂ\?ﬂ'liuﬂ'lwBNWIWQWI?I@]EI'J%
DPPH, ABTS 182 FRAP assay

uammagauaINmaNIalumuayye
ddsy

Jauay
- DPPH FRAP
kbl b] a3 ABTS assay
o o assay assay
ane ane
FRAP
(%) 1C;, VEAC TEAC
value
(pg/m)  (mM/g)  (mM/g)
(mM/g)
M3 201.66 0.07 0.01 0.44
85.52 R N N N
M +19.78 +0.04 +0.03 +0.00
o 27.95 0.42 0.28 0.72
MINNN 6.19
+4.78" +0.01" +0.01" +0.01"
11k
567.66 0.05 0.46
[iRERRL] 34.26 K cnd N
+6.79° +0.00 +0.00

@

nname dyanwaliiiuandniulursaniliderduuaasanudenuagied
Had1ANI9ad@ (p<0.05) WAz cnd Ad can not detected (luid1N150M5I?
Aenzitsinale)

3.3 uan1sAnwIanUanINdalvavaIsininie
upazain
NanIsnadauaNUfvasmslulansasialng
uFaanlsd wui sdamens 7 wdia ulwdudn
mdlsariiadidlasesduaenssanansasiudungen
18 Wanealeladiuazifadinewisihidudhluunsn
smelunaen lusaeiude GRE @ulnwaudaelse
Aillaseadaaassbisansasudundsnld e
vaalaloduaziialudihmaunuuas uils FRF, CF,
PCF war CS lvnatfudiruaanvlalodu uanads
msunsnzadlaledululuenazeseslulawadu
aduanasiidnwaslawasmvilen lusasiutle TS
Tualudihdusuleladu azugasdamsunsnen
zasloladululuanazesasluloa adugnasd
dnwarmguiiuig lusnziuih DRF daudheiiasdl
Twasgs Fadiussasmeduiimudidiodingau
anaznaufifuvasaneany wandlyifiuiag
drudsenavvasmslulawsasiialndusiamlse lu
Usinaditieannutlaiiody 9 lusaidanduwams
nogauugnseniulansulifimsdsuudauansi
Tifiuderiialafifinseazdludavy luamsinans
nagaulfnsennulugise wud fiviieaut GRF uaz
uil FRF filustuudniion ilasnnansasaslugs
aazviugnsennunusziluIndlulusduiiadu
mstsznauiihiuang daguit 3 uazensd 7
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™
| A\l
b) S
>~ -
.
I~
= =
ol am
©) ==
Ty
- g
TS GRF DRF FRF CF PCF CS

= @a ' ' a P
U 3 wammaasuaniinedualizasarsdisdamnzudasyio s a)
wamsasraaulnaudamlsddedjiselaladiu b) nanmsasaaauny
O-NH, #aansaaziludedjiseniiulaasu uaz ) namsasadaullsiu

meUjisenlugse

4 o , A
M50 7 wansnadaudutaneiiuasarstedanens 7 sl

Finuile Todine test Ninhydrin test Biuret test
TS + - -
GRF + - +
DRF + - -
FRF + - +
CF + - -
PCF + - -

CS

3.4 mm1sﬁnmn75@1‘5\1dﬁ'mmzmsmqu@mmw
JUNAFS U BANNNINT
uaenvantmniasaiuluaiarenayulnsludsu
Wulwiwasinlinsendanay Amsluasm dewale
w3snlugluuumsaanaselald e laitugdduddo
Jedeansenlusluvvzeunsya loaldasdeyiia
a1 9 wazasiaimeiusunilsiinadadimslva
‘zlmLmsgaﬁiuﬂwﬁuﬁﬂﬂ%uﬂﬂumsmaﬂsnl,ﬁﬂ NN
msé’?w‘h%’u‘[ﬂﬂm’%ﬂuLLnsEaawnLLi’Iqﬁwuiuﬁaqmawﬂ
fo wilany (TS) wiliiwilen (GRF) wilainlsdd
@1 (DRF) uileird livafiafiay (FRF) uils
1lweziia CF uilinlnaziia PCF wazuilenilue

10

¥iia CS W 7 iy wuh mm%u‘namﬂsgauﬁia:
Giw%'uﬁﬁWLaﬁ'ﬂagiiuﬂaq 6.32 + 0.09 - 8.39 + 0.13
% ijaﬁw@h%’uﬁy'wmmmamﬁmgazmaauqmmw
YIEILNAAINNINTFIU USP 40 (2017) lawa
MSANERIMTND 8 LLaxgﬂﬁ 4
nmMsUsziiivgaunIwiloszaadsueivan
mw%mmummgm%’aﬁmuﬂ USP 40 (2017) Lﬁ'a
nadauh 3 ga wuh endans 7 driu iilalidde
imaiuudlssheiiasuddnivinidammuanasgu
USP 40 (2017) Tagfifinen iy 2 (e fianu
Wenvudaiiudena: 7.5 Auadorastihwinifiam
agluze 253.93 £ 0.39 - 289.35 £ 0.73 mg lunie
fienenuude enavin wasidushaudnanagi 1.45
+0.04 - 2.82 +0.07 kp, 3.34 +0.01 - 3.72+0.01
mm Waz 9.12 + 0.00 - 9.18 + 0.00 mm MNSIAU
yazidenfuasiameludmiui 1 uaz 2 Aautle TS
4at GRF laianansadaaianuuie anuvu way
wWushgudnanldauasu 10 e waziinnunsawdu
100 % Li’lmmmﬁmmumnﬁqgﬂﬁ 4 FOUNATTIV
USP 40 (2017) mLﬁmxmummgmLﬁaﬁmm
nsaulitiudogas 1 a5y 3 - 7 imanunsau
ldidudasaz 1 JadeunasgIu USP 40 (2017)
TagdrSuildarsdanzifuuile PCF (0.0081 +
0.00 %) Iﬁﬁhmmnéauﬁaﬂﬁqm 59989NABMIUR
T%uile CS (0.0550 + 0.02 %) waz CF (0.0977 +
0.02 %) awaeu Taems 3 d3uldamanunsaud
liuandeanumeadd daiihmsudienluudazye
msnedavazsansauanaalanualaiiiu 30 wnd g
Lihmmnzu%mmgm USP 40 (2017) f?q 7 N3V A
Wulgiesud 4 - 7 Wnalumsuandlaiuandrs
fu Ae@aY 17.71 + 2.05 - 19.58 = 0.02 W17 910
msUsefiuenvanmnnaInsa 7 Gh%'uslugﬂl,muamﬁm
i pslEasaimziuuileiinlnasiia Pure con
flour (PCF) L‘ﬂuﬁw%’uﬁﬁﬁqﬂaélumm%mmgm
599893178 wileIweuiia Corn starch (CS) waz
uthitnlwezdia Corn flour (CF) muaau
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myi 8 wamsussiiugumwiiiosnzasdmivemanmmninsildmsiaimeuanceiy

ANRAY (mean) = SEM (n=3)

o ar > o < < v o s . L’amﬁ‘l"&‘lu

[Za il HIBNUNGINA AIINLLUN AIINBU Laumuquﬂnan ANNIDU o

NITLHANAT

(mg) (kp) (mm) (mm) (%) .
(min)

1 265.10 + 0.33° cnd cnd cnd 100.0000 + 0.0000° 9.25 + 0.30"
2 257.51 + 0.46" cnd cnd cnd 100.0000 + 0.0000° 9.72 +0.15"
3 253.93 + 0.39° 1.45 + 0.04° 3.57 +0.00" 9.12 + 0.00" 0.4575 + 0.0784" 4.08 +0.13°
4 289.35 + 0.73" 1.98 + 0.05° 3.72 + 0.01° 9.18 + 0.00° 0.4655 + 0.1424° 19.58 + 0.02"
5 270.19 + 0.42" 2.41 + 0.05" 3.40 + 0.00™" 9.15 + 0.00° 0.0977 + 0.0214° 18.15 + 0.09"
6 269.77 + 1.04" 2.71 + 0.04° 3.34 +0.01° 9.16 + 0.00° 0.0081 + 0.0047" 17.71 + 2.05°
7 265.66 + 0.10° 2.82 +0.07° 3.40 + 0.00™" 9.17 + 0.00° 0.0550 + 0.0202° 17.91 +0.12°

nngwg dyanvaliiuanaeiuluassmiifieriuuaasanuiiuedefides dameadd (p<0.05) uaz cnd Ad can not detected (LiisInsansia

a v. ada o & ' & v = ' o ra v
’Jtﬂi'ltﬁlﬂ) ATUNVLUALIUANATDDNAIANINNIDY (% friability) 1lusagas 100 UazENLNNHIUNINTIIULND % friability Tadhudesas 1

(1) (2) (3) (4)
(5) (6) 7

Uil 4 dnvaasedanasiiuil 1 - 7 naskhumsiamanunsau il
T#asiiaunizaeny o9il (1) TS, (2) GRF, (3) DRF, (4) FRF, (5) CF,
(6) PCF waz (7) CS

4. Msaauig

NIMIANNTNTANNMEM VBB
mwinsnaunsnsiiu aaenfantansluaaglu
nasidianann tasnnnluddulsznaudians
ayulwsvaregiarilddmfuinmslnadion s
dusznavmasimayulnsiiduluesiianuos
Wudule limeenionu dwadamslvasin
souziiiaIeenaniiin deandasiunisidavas
(Monton et al, 2014) lag@nwmsluavasenayulns
ﬁmwsmiﬁﬁahuwammaqulwsﬂszmm 40 #ila
dananmyulwstumshslumanionedadeis
aanlagasy & angle of repose, compressibility index
(82 hausner ratio LYINNU 44-48 °,17-22 % woag
1.21-1.28 IWE16U WazNIsLa3aNeILTaaI1835
wnsyaten ANy 26-27°, 13 % was 1.14-
1.15 MuEIHU (Monton et al, 2014) Feaziiulgh
mata3enayulnslugluuunnsyaazilineenazlve
1¢# waraInn15ANWIBY Monton et al, (2013)
Anwimslvazasnsenayulnsiomasan (Vemonia
amygdalina Delile) lagUsiaainmsidnarsansla 9

11

WU angle of repose, compressibility index (@
hausner ratio t¥NU 38.3 °, 31 % Waz 1.45 MUAAU
%ﬁﬂwaniwmmaa\!ulwsﬁﬁmﬂwaﬁlﬁﬁﬁ'ﬂ"z’!mms
Wnasielumsiessnenfinazigaatdymmsiva
ﬁhjﬁwmmmas\gulwﬂﬁ (Muazu et al, 2013) 8N
keENvaNINNARSTAMNTuABLIIgeuddag Tyl
mmgmﬁﬁmumﬁ %@ﬁtﬂuwammnaqulws‘lwiﬁu
fidusenaufiduihiumanssme é’mmvﬁ'ﬁ’né\'m
wisusenliaglusuunsyaiden luanzimanasou
mmau‘"wLauaﬂmmmagﬂumm‘ﬁﬁ UWaTaEINISe
araefuInlad danAdnIfuNIsANIZaIUNNNA
JUNSATYUUT (2554) fnuhreenveunnInsaan
sofwdaldenn asnnusendsznavds gy
lowaglaalunan dudsznavseuiuuilauaziihaiy
wamzmﬂ%qﬁé’nwmzﬁmwﬂugq Taasssnaela
MINsanennledy dasldasheiametazanstie
aanludsanmgs [ BaANIABNEFINGINITABNEA
Futfie Wethusevaumniasanalagliisuazda
whanaeedu msadamansadmuayyadasld Tasi
MIFNANIBANSUBLOMUDNIBLNE 95 HANNENTD
°1umsﬁmmg§a§aszﬁﬁqm milonaiissunnnas

@

v A ¢ . v a
anaiiluasddsznavdaglumsduaynadass

o
v v
U4

azaneldaludvhazansifiiasniiindnias 80
mmsafameamueaiisandulsnavasiimnds
é'h‘v‘hazmﬂgqﬂ'.iﬂuﬁﬁmiah"mé";ﬂmsmﬁmﬁﬁ'au
wazmsnszanedluhnszansen Seearhliensad
ypemreugiioludrisuarargaananlauinniy
#00A889NUNUIWUBY Manok & Limcharoen, 2015
fidnwanimuayyadassuasdimayulns 46 uia
TushSugmanmmiansuainud arsananmung (IC,,
= 0.240 ppm) uazlngwata (IC,, = 5.284 ppm) Tu
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dsumnsnduayyedasyldgeiian snamsana
MUy (1,906.083 ppm) dadivTanailuadnsings
figads lunasiiilaanadeismaniianuminag
Tumasduayyadassldaniimanszaradalui
nszaneen (thaanlding) miiiissnanmsmaiuls
anufauluiumaumsatadailiasifauaanialy
mséﬁuaugaﬁassﬁwumm%'aummsaaﬁﬂaanmlé’f
fn3nsnszedagimiinszaes senndasiu
ST Niwat (2019) Aidnwnslundlrafiann
g usasidiunsanan 1:8 uar 1:10 (w/w)
avgdi 90 °C (Hunm 30 il waNTUHwisly
gﬂtmumﬂwmﬁmuﬂugﬂmemﬂuﬂ'%mmﬁsiwﬁ'u
(2, 4 uaz 6 n3n) wazldgamaiilumsmuaneienu
#i 80, 90 WAL 100 °C WU awsﬁugqaqgaﬁai:
DPPH L8z FRAP Lﬁ'u%uaﬂwﬁﬁﬂﬁwﬁ'mmmﬁa
(p<0.05) W US Yo WIndI LN ULSE
msﬁnmﬁﬁqLLamqlﬁLﬁudwqmwgﬁwaqfwﬁgﬁudﬂwa
ViamsaaﬂqméwwﬁamwLLazmsﬁmawaﬁas:wm
#1lunaae (p<0.05) Tﬂﬂmsmﬁqmwgﬁ 100 °C
uwaaamseuayyadasrgaailelduinamnie 6
n¥u (Fandrumsanai 1:10) IWuamsnagauds
35 DPPH uay FRAP gafiqainfiu 74.65 + 0.57
Mmol Trolox/ml W9 % 166.18+2.45 pmol ferrous
sulfate/ml @INEIGU (Niwat, 2019) F95U535015

Sutlssmusvannwinsaiiamsiesdmhauiiliag
TugaTagtiutiuazaunsaduayyadasslduuiy
wmzﬁmiﬁzjaﬁauﬁ'awmms%Lmsﬁy'q 7 #ile Wu
mslulaasesiialndudneslsauas i eeudedn
wilen (GRF) wazuilsidlsithuiiafiey (FRF) #
AlUsduidevuiieadntas losuilasfinan sy
(Starch) az@uuilsiiimnslulawsadudnlnaiiing
afalustiuuaslusfusanisdianuusqnige dauuilel
a1 (Flour) v1ariiagamadinarlsenavyaalusiu
Tudiu dule wazanudu mnviatiestuagiuyiia
289ui (Furukawaka et al., 2006)
mMsdnmanantfzesarsdanmzludsuen
wornmwiasuvuiioloslfarsireriaauq Tu
sasduniuludmSuudldasiamefiuanaeiu
WUN LL{Iﬂﬁmmzﬁumsﬁmﬂﬂuﬁﬁ'umnﬁqﬂ ie
#iia fa wilidnlwasiie PCF wazuiednlnasiia
s dipsnnlimenuuia anumin narlumsuan
fraaiaeliuanaeny fanunsaud Tasdiuile
#1lwariia PCF fAadsihuinedaganiuda

12

imlwagila CS tisadntes udaglunasinasgu
FeaonndasiuNMsAnEaIUNINA qUNTARTYUUN
(2554) WU MI3aNunIyalanan Starch paste
Humsiiaimelasuilininasdio Starch ldunsyadl
flanusansolunmslvad eansadusndafiianu
uvanduld Fanwuntoudm udnnmsRamum3u
emanmnanslugluuuediaazldansielumsuan
fafiuanaresudalusuisedazld Cellulose
microcrystalline UANITANHIYBIUNNIE qumm%ﬁy
uuN (2554) ¥ Croscarmellose sodium 5‘?}\‘1 Cellulose
microcrystalline Tvinatasy (Additive effect) nuwil
Tumsteiasmsuanda sndaiinsnalumsaan
mqLf'!mmnﬁmmmmsﬂumsmané’@g@ aﬁﬁy'wﬂﬁ
nalumsuandaglunarianasgiubivandeiy
Tasnarasndseiinuinuanmiloanmslaudle
#17lweriia CS 1wuLieInunIsAnuI20IUNITF
qumm%tguu‘vf (Soonthornchareonnon, 2011) WaIEN
fiutlsinlnaniio PCF uas CF faglunaniinasgu
#8f1un USP 40 (2017) 8nede luzmzifiedny
wuindfiaenildanstaimz@uuilaiu (1s) wazuile
$wmilen (GRF) lildmasgunilssnnlidianu
nsauiosas 100 Z9MINLNMAINATTIUAITHAIN
nsaulsiiiudesa: 1 anaissnanssamensaa
ﬁﬁmﬁﬁaqmﬂLLazﬁnwmwaﬂuLaqaﬁlsjmmsau
Foundaniguugiinasssasiarnuu el
Useansanlunsiluarsammzlundadrsu
d9AAANAUNUITEZBIFASNY 1WA uasAmy
(2012) WazNUITHYBIWINIIN LWANITFIFITIN LAz
@tz (Laovachirasuwan et al. 2013) sxqimi’qu?qam
siiafidoialumsssmehldmniigamaivauas
Taiazanaluindiu Felunsin Starch paste nudlana
doszdoslFgaumpiiianzan warldssasnannuly
msasen lagnmsmsanazdavinliulegnaudu
asazananilala luzu ﬁaﬂmqﬁﬁqéfaqﬁwmiﬁmﬂs
uilnsgassilaaeamsldaslueansaad (ATS)
snmadadasfimamuauanmgiinaznmlivainsas
oW lé Starch paste nauthanlFlunszuiunis
w3anndrsonl luraediensudmiuildudaindii
thrfieditay (FRF) 1F0anlumsuandadulan
NATINATHIY WA lFna lumsuandueslineniuny
ﬁqﬂ drusuilFuileinlsddd (DrF) 1Hnmly
mauandtiasiige udlumsuandiuliasnauyaes
snfhudfounsyaliozms fumsthaaseu Fuilu
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LI
a o

mmmné’aﬁlﬁaugazﬁ 213 l¥in15aragupeneEn o
aazfigniun 2 m3uimenuuisdauinam 39
TieanunsauganiuildnTnens 3 oiia lusasd
utlainlsddd (DRF) Teiaasuasihninidioen
ﬁaaﬁqm danSsudisusudusu

mﬂm‘sﬂmﬁuqmmwLﬁmmﬁy’wmwuiw
aﬁﬁmmzﬁmmzauagi“lummvﬁmmgmiiaﬁmuﬂ
USP 40 (2017) Genonnaraulunguuauiinnlueg
@8 CS > PCF > CF 584844178 FRF waz DRF lag
NANaMINaFaUFNUAMNE AN aIule FRF, CF,
PCF waz CS Winamsnadaunulaladuiudiues
ﬁuuamﬁqﬂ%mmﬂmazlu‘[mwa@uﬁgjmiwaﬂu‘[aﬁ
Tuaaediuile TS fuUsanaeslulamadumislsa
Qurumsnadaulalafu wazaziiuiuilexdia Starch
Lﬁ'amaau?ﬁLﬁaﬂu%ﬁmmﬁqwéuaxmﬁﬂsznau
a1 @edutiaaniulila Flour Sedudatuwmanil
anadunadanuantduasedialunsnen Tasiiuls
2 %iia #2 GRF waz FRF iwuhilusiuagifniion
nnmanadaudmalugse agalsfiomudaudinuia
inlweasiifasasunsarlulamaduiiginhezlulas
udtiatSsuiiisudesazaasaslulagluuihudazsiio
ududeinlnetuiiasazuesaslulaadfidannni
wlenfioauq 89 279 sul lusaeiuilasiiany q
wuazlu‘[aaagﬂuﬂ%mmﬁe‘imiw 9 84 17% (Swinkles,
1985) tuuileiwmierinvezlulaaiies 1%
UnaesluTaaiigiludoutlasdiwaiiiaagluihlos
11Ja§1<1ﬁ'uazlaimmuﬁ'u‘[uLaqaasluiaaﬁagiil'quﬁﬂq
Humsmgunuaiends daiulassadautl
innadedenusiw meludouthianuuiwse
10 Mlvdaudanasarlodesdviualrenlan
(Sriroth & Piyachomkwan, 2007) wazaziulainms
Fuiledninalimaludasnnunioudniuiliia
a1 Teafivniidaiodutipeasivdanadamany
nsaudsaiiulauil PCF fdsanundauitiaeni
utl CF vauztdennuaanunsauasut CS uans
TAdundnuile CF ﬁgqﬁga%uagjﬁ'umsm%’ﬂuuﬂq
LtdazﬁﬁﬂawﬁmmLmneiwﬁuﬁ'ﬂuémqmwgﬁLLax
szaznanlumsiadon thasnlasiadeuaziuszms
wpizasniaudaslinsindeanwmrasAlsznaumM
Lafiuandetusanll wazdailEawainnunae
m‘sgm%mfw nMsazans wazanuniiavasudle #
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ABSTRACT

Arsenic remediation in wetlands is very important to the ecosystem. Phytoremediation efficiency is high and environment-
friendly. Cyperus papyrus (L.) can highly selective accumulation arsenic from soil in large quantities. This objective study aimed to
investigate variation of pH, redox potential, available phosphorus, extractable iron, exchangeable aluminum, exchangeable calcium and
exchangeable magnesium for arsenic remediation in submerged soil by C. papyrus (L.). Experimental design was a 3 x 4 factorial
design in a completely randomized experiment (CRD) included two factors. The first factor was the arsenic speciation consisting of
arsenite and arsenate. The second factor was the cultivation periods of C. papyrus (L.) including 15, 30, 45 and 60 days. The result
indicated that the mean comparison using DMRT of redox potential, total arsenic accumulation of C. papyrus (L.), exchangeable
calcium and extractable iron were significantly different among all soil treatment groups (P-value < 0.01). The pH mean and
exchangeable magnesium content were significantly different between arsenite and arsenate treated soil with control soil (P-value <
0.01 and 0.05). The amounts of available phosphorus and exchangeable aluminum were not significantly different among all soil
types. The variation in group of three soil types during cultivation period 60 days showed that pH, redox potential, available phosphorus,
extractable iron, exchangeable aluminum, exchangeable calcium and exchangeable magnesium were statistically significant (P-value
< 0.01). The results of comparison among three treatment soils at each cultivating period demonstrated that redox potential, total
arsenic accumulation, extractable iron, exchangeable aluminum, exchangeable calcium and exchangeable magnesium were significantly
different among all cultivation periods (P-value < 0.01). pH was no significant difference on 15 days and available phosphorus was
significant difference on 15 and 30 days (P-value < 0.01 and 0.05). Multiple regression analysis indicated that predictive factors of
total arsenic accumulation of C. papyrus (L.) were arsenic speciation, redox potential, pH, and cultivation period. The model explained
85.2% in the regression model. The regression model was -339.542 + 20.249 (arsenic speciation) - 0.322 (Eh) + 52.681 (pH)
— 0.987 (cultivating day).

KEYWORDS: Total Arsenic, Arsenite, Arsenate, Cyperus papyrus (L.), Submerged Soil
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ndualuduhionui Tadefifinademsazanas
wgﬁy’wmwamnﬁﬁﬂﬁﬁa BAYBIAIINY wadIUIUY
Fuiiwzilgn nnddudazaumsuynanuannduild
afmumnnnhauildosialud Suiiszaugegaia
Fuil 30 seamsimnzdgn nfluduiidnsaan
3990 lagdiafimsndaudismsnyllazanludm
wiledu uazaSirludiinadansanasyadtivin
wHreInnaduduInnI11515Lue (Jomjun et al.,
2018) Jaguszasdlunisdnmadsiliadnu
ANNTFUNUSUAZNANTENUYBINLDY ANYNINAITLAN
pan3Ladu-sendunazUsmnavaseanasaniu

'
[ a o =

Ussland tvannanale azadiannuanilasule

U

waaaNNantldsule wazunniidennuanilaeu

g damsthiassvylesnnddudluamwaui

2. 180 qﬂﬂsnf UaLIDNITNAND
2.1 NIIAIINAIDEN
AUAIDEIUATENDINAUUIAINB LN DWINGOY
Ramiadaslud anananlriuie uauazsaurIu
ATWNIYING 2 NaANAS NNBFUA LEMaENIINUWaY
hsssumnaluiuiisrnemens Sandadeslui
mM3tensiasnyluduuasiziiagnaunaass
sUuvumsnaasntuuuuunanase 3 x 4 Tunuy
WHUNITNABBIUUUGNaNYIal (Completely
randomized design) diasnndumsdnmdniwason
(interaction) szwitfade TasUsznaude 2 Tased
msdnnde auildnsuyaiunidainodiolud
[As(IID)] WAEDISLTLUA [As(V)] LLazﬁuqﬂmuqu
LLazaimm?uﬁwaﬂgﬂlﬁuﬁ 15, 30, 45 W8z 60 U
naaasiuay 3 9 lagldladanadielud (Sodium
arsenite, NaAsO,) uazlalaidanlalasiauosimiua
(Disodium hydrogen arsenate heptahydrate,
Na,HAsO,.7H,0) fianadudu 175 mg kg 1an
AgnLadInUALIINIL 5 Alansuaanszan nszand
20 12 X 12 3 MMNTINEUINMALHUNMTNAAEN
Lﬁaﬂiuﬁmumnauwwzﬂgmwiazﬂ%v'q imnali
azone Fuhwiin uihiuhlusuliursaumhnineed
WU Rusetaitaseiend dregedurhms
Wuiisdumnniey 15 wudiwes thllauauurs
UALBZIDUHIUAZUNT 2 NABLNGAST Lﬁusluqumaﬁﬂ

wiaatn e nsvisaly

2.2 MINATILHAIBEN
MsIAsIeanNdunsaaig (pH) wae
fnenIwnsiineandiady - SenTu (Eh) 1%
iasiinnsraialuud (insiw) 1§un pH meter;
Takemura i;u DM-13 wa¢ Eh meter; Hanna S;u HI-
98331 n1sitasrzineaneSaftdulsslanyd
(Available P: Pav) 1%3% Bray 11 ANAAUAIBTITING
nsalalasaaasa (Hydrochloric acid, HCI) 0.1 N uag
wanlaflnwgoalsd (Ammonium fluoride, NH4F)
0.03 N as1amanudnduraslaanasaniadd
Tududay 3 (Molybdenum blue) (Abdul et al.,
2001) N153LAs1ERLAa TNz uNniLE e N
wanwasuld (Exchangeable Ca o Mg, Caex Wae
Mgex) 1535aznaniinuaugasndu diunlnsinas
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(Atomic Absorption Spectrometer, AAS) §NAAUAIE
wanlutiaNnasdiaa ( Ammonium acetate,
NH4CH3CO2) uazuwaun1uy (Lanthanum) 0.29%
JiazidnsLasesiiaTauBeuas (Flame photometer)
ANNENIAFURASIVIAYBILAS TN LAz LNNiLT
WNAU 422.7 nm e 285.2 nm (Abdul et al., 2001)

m'ﬁmeﬁasgﬁLﬁﬂuﬁuamﬂﬁ'ﬂulﬁ
( Exchangeable Al, Alex) a2835atUnlnsitaas
( Spectrometer) dnnduloaldwadianau
(Polyethylene, CH2=CH2) uazuanluiiauaanlsd
(Ammonium chloride, NH4CI) ¥nUA3ennu 1% 23
s-laasandailudu ( 8-Hydroxyquinoline,
C18H13CuN20) wazlaasanlzmiiy lalaseanalse
( Hydroxylamine hydrochlorid, NH20H.HCI) 97§ AU
TotfanoeBian (Sodium acetate, NaOAc) 1u
d15azan8 Wuuulnsdu (Phenanthroline, C12H8N2)
0.206 7599507 395 nm (Abdul et al., 2001) 115
S nSnfianald (Extractable Fe: Feext) 8235
@#Le (DTPA) lagnsanadumadIsacmenfne
(DTPA) 0.005 M #91sznaugloansazaisdfiie
(DTPA) 0.005 M, WAat3eNAanlse (Calcium
chloride, CaCl2) 0.005 M uaslastaniluaidu
( Triethanolamine, TEA) 0.1 M & #Wi8% 7.30 16
USinadaaiaiasazaanfinuaugainiy awnlng
Jtaas (Atomic Absorption Spectrometer, AAS)
(Abdul et al., 2001) N153LATILRUTNIMEI TN Y
WaMNe (Total As) A28380zaaninuaunasnsy
atunlnsfitnas - lalasd (Atomic Absorption
Spectrometer hydride, AAS - hydride) &1 0 Tae
Twunadanlalalad (Potassium iodide, KI) 10%
M523 0 "7; 193.7 nm (America Water Work

Association Water Environment Federation, 1998)

2.3 MINATISHanN

De

Aeneilaglslusunsudnsagy Spss il
A1ade (mean) Mst3suifisuaaselonds
Duncan’s Multiple Range Test (DMRT) § ¥ d N WUS
LN §du (Pearson correlation) 4azNITOADBENY AN
wuuTUABL (Stepwise Multiple Regression Analysis)

(Stevens, 1992) A4l

ANMSFVFNN USRS SFULENI IUaNNITN 1

 &-9G-9)
JEe-0* 16 -97?

@ a z{ o v J

Tao runu duilszdnsanduinsvesdoya
3 1 s ] 1 =
aulsg X uaz Y azlianegsznang -1 99 1

$1 r=1 nureanuI damls Xuag Y
anuduiusIFaauuuawiuTagauysol

9 1 % =)

$ r=0 ¥u1eANuIN duls Xuag Y Tuil
ANuFNNUTIFIdUATS

v ' (% =)

1 r=-1 ¥UEANI s Xuaz Y

anuduutiBauiuTaoauysel

ﬂNﬂ’]'iﬂ'ﬁﬂﬂﬂaﬂWﬁ@mLLﬂﬂﬂiuaNﬂTﬁﬁ 2

Y =b0+b1X1 +b2X2 +biXi....+ bnXn ... (2)

Tag i = UIUMBENINIAY n, Y = 9auds

AN, X = 02uUsau, b0 = @A1AIN, bp = A

Al

slope coefficients AN UUNITUITNUSLENENIS

wennsal (coefficient of determinant, R) %\«1 (Wueniin
vanisdapazvasmsildsuwlasludiulsmuiiiug
wnaIulsdasznnei lasazldar adj R (Wu
Futlszansmsdadulei daudsdassanansaasung
anNauLUszaemwdsmulasaaziinls mseu
gﬂmeaqaum'ﬁnmaaamn@hé’uﬂssﬁméﬁlé’mn

MINMFNUSLEND (Table of coefficients)

3. HanIneaaiuazandnguna
3.1 iagan“’a‘ltl fimﬁﬁﬁugvmmsmﬁlwmm
Anndgzastasaudazdasy

mngﬂﬁ 1 WU ﬁuqﬂmuquﬁﬁmm‘;’miﬂ
dugaildordirluduasarfioue andsdienie

¥ '
N a o

aududal auitldarfioiue > duitldorfilud >
Gumaeuau fienmds 7.20, 7.18 uar 6.63 Auiild
aduludiisnmansznedayageiiqe daiFauiiay
AaaslagdsaEueIsn (DMRT) wuh ﬁuqmﬁ"lé
sluduazansiziue aglunguideniuuazuaneng
NnduganIuANaENiied1Ay (P-value < 0.01)
duhdsnandeierazndilng 7 13Ut 3 ma

WaauulasnaaltazgseniNe 0 B9 60 TUVDIAULGDE
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galdun dugamuan duildofirluduazasiziue
donuuaneagniiadAg (P-value < 0.01) M3
Wasuwlasraafiansznineiui o 89 60 Lile
wWiguiiguudaziiamnzlande o, 15, 30, 45, 60
Fu sswinduns 3 gawud Sanuuandisaded
Hadany (P-value < 0.01) TuSuil 45 uas 60 Yoz
Tuduil 15 Worwasduns 3 ga lddanuuand
p819lided 1Ay (P-value = 0.079) wultiunIs
Lﬂﬁ'ﬂuuﬂaq‘ﬁLamaqﬁuqﬂmuqﬂu 60 TUUBINIT

6.62¢ 7.18 ab

. i

I

720a

{

pH
-
°

Eh (mV)

Control As(I11) As(V)

3Ui 1 Wierwesdu

-120

-140

-160

iwzilgn wuh Remiiaduaudelud so fewhiu
7 tilasnnifluduii E‘?}qﬁuqﬂmuquﬁﬁmmmﬁu
7 udduildnsrluduazasimue daiegannnh
7 Tosduitldorsirlud wuih fiandos ) taduan
6.5 Tusudi o My 7.9 Tuufl 60 2aIM 3Lz Ugn
yauriiduildorsimiun fandes q iasun 6.7 lu
Suit 0 audenhdu 7.7 lusud 6o aamItwzUan
Toawuh wnliuiiesussduildansigludganiu
Aldorsuiun warull 45 Su

-77a

1

-1285¢ -118.2b

-

L

L

Control As(II1) As(V)

sui 2 dnamwmsiineandiadu-3aniusesiu (mv)

MW MBNYIMNMAINgBUINANNLANGNaENiTadAyMatd

NngUil 2 musssunEduhiemndnaniw
matinaandiadu-3anduagluaniwianiu (e
Wisudsumdanwut Gugamua > Guildodis
we > Guildonsrlud fanasewhsu 77, -118.2
Wag -128.5 mV@INGIGU ANEAIWNITLAG

@

20NBLAFU-30nFUVDIAUYAAIVANINITNTE
k4 =1 = = =l v d' adaadd o
dayaannign alleuiisuanndslaaIzisn.g

¢l
' ' u
8159 (DMRT) Wud) Gunngaiinnuuananniadn
dvdadrian (P-value < 0.01) mngﬂﬁ 4 N5
Wasuwlasuesdnamwnsinasndiadu-3ansu
55MIN 0 G4 60 Twrasduusasyalaun Augaaiuay
fuildorsrluduazasimue fanuuanaieaadl
Had1aq (P-value < 0.01) nstUasuulacnas
fnamWNsIAneanBLatu-SenTusEwneiui o 9
60 Lﬁmﬂ%ﬂmﬁﬂmwiaznmwazﬂgnﬁa 0, 15, 30,

45, 60 T FEWINAUM 3 %A WU FANNUANGIN

ad1eiidadran (P-value < 0.01) uualdunis

wWasuwlasdngmwmsiineanBedu-3andueaay

1]
=

vifpaanuluduindednanIwnIstinaandLagu -

Sandudluunludud 0 et aNamwIantu

A
a = ' [ a v =l

CANTUNUD ANENINNISANDBNTLATU -SANH UL

ailuau ﬁwq(ﬂmuQuﬁ'nf;lmWﬂﬁl,ﬁmaaﬂ%m%'u—

Fanduaglud 202 H9 -138 mV Wgunduganld

a1

e s s a a9 s s '
ﬂ'\‘il‘ﬁlumLLazajiLsﬁLuﬂ ﬂuﬂiﬂaqit‘ﬁluﬂwuﬁj O

Wuvanluiun o wdrSuiaanssandu duilian
ANEMNMSLNNDANTLATU -0 NTUAAB UL AT
auanIAugadu q laaiia15ening 193 89 -170

R

da dg o ' & o A
mV ﬂmzwmumamsmmmwmw muﬂumnimuw 0

1w

WAIANFNNLINNTU LasduRNAFAneNINAI5LAA
DONTLATU-SANTUANIU LANAIANYNINNITLAA
sandiadu-3ansugeanauldansiwlud wdtdasnd

AUYAMIVAN
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250 cortrol [l As(IIT As(V,
6.9 /s | 6.8 cdfa 77 ab 193 afe 207 afa - g
8 - 8.7 defa 7.4 bja - 200 4
- -/ o/l 202
S 6.7bA
N ot -
} 63d 6.2 dafg 100
] g -
4 E
g o T
3
-0 Day 0 5 0 5 0
2 -35b/a
contrel [l As(IIT) As(V) 100 bie
0 -150 - 1234 l—117 c/bl
-153e/b
B ] 117 c/b
Day 0 Day 15 Day 30 Day 45 Day 60 200 1706l

3Ui 3 Merudsundasmunanwizlan

Ui 4 dnamwmsiieeendedu-3andu (mv) wWasuulasnunm

wnzdan

NNHLHR: MIBNHINNINGUULINANULANG N TTENAYNIEHA dI8nuIiUnThuamIANINUANANTEWIN 0 - 60 Jurasduudszyaliun Auge

auaw duiildosisluduazarsisiun MenEsmMUNAILEAINNNLANGIEENIN 0 - 60 Tu iawSsuiisuudaznanwzlgnde o, 15, 30, 45, 60 Ju

FEUTNAUN 3 70

Ta38209NLBTUREANENINNISLAA
aandiatu-3andulinanssnudadsnaa sy luay
(Signes-Pastor et al., 2007) ﬂ’%mmmwmmﬁu%u
Lﬁaﬁtawqqﬁu [iasnniAemsudiiuiinawussiule
As8anTalanay (hydroxyl ions; OH™) wmzﬁ‘ﬁtaﬁgﬁu
YoM sanaznauTINAULALZTeN wnniden
wiagae (S0,7) FuhlugmsaauSinamsnyas
VNI uaziiafiereann mmﬁuﬂ%mmmwﬂé’
wuiy asnnasunaznanaudidiinlusaoy
Auaznaun3alutana (protonation) Fauiilofiloy
Hoani 2.5 %ﬁﬂﬂejmsm%‘auﬁwﬁgq%u (Amita et
al., 1999; Claes et al., 2013) auzLFoIf ULk oilloY
o Savyasgnaaazanniuazgidisuaanlyd (Al
oxides) warlatdsusanlud (Fe oxides) aenaudiaus
duiu orfumuaduglidudefiey > 3 dmiuei
Tudfugliduiiofiter < 9 Uszgnumasmsisznay

s A

ansludnnugud afitagagssnin 6 - 9 @13

u
S a 4

wyziaarsiludiifunninensisiue (Petrusevski et

v !
A W a

al., 2007) lagm luilladnamwmsiiasandiagy-

Fondugs ansimueaziusnvasiau Yoz idnEAIW
MS5LANBBNELATY -3 NTUAIANNSADAI28901 517
Tudiifimsgadutiosnd ihlugunaludunadond
§4n31 (Claes et al., 2013) FaumdngmwasiAe
pandadu-3anduiadassasmsnyluguofialud
wazoiEuaIdufuRlaguasdnan1nnisLie
sandiatu-sensuludunaden lefiteranis
ludfluguiiades u dnamwmsiiesandiadu-
2@nFUSETINN 0 uaE 500 mV AaEieSmUATiaN
wies ladnamwmaiineandiadu-3aniugeni
500 mV tilafilaniingy svduludiianuadesiies
#iaLAad (Niagu et al., 2007; Ravenscroft et al.,
2009) esuyazanslatsamaldamwitrdihunas
ANENINAISIAABBNTLATU-3ANTY 0 — 150 mV
(Emil et al., 2006) daiiamsudsuulasinandas
iamsilasugUansuyann +500 mv o Maduaud -
300 mV o vinalddu nsznumszarIvyginmm
wazilddu sanuMansazanyeefiy (Gambrell and
Patrick, 1989)
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- ==

1.25¢ 113.58 b 146.08 a

Total arsenic accumulation in C.papyrus (mg kg')

Control As(111) As(V)

Uil 5 MaasanaIYNINaEaInN U (mg.kg™)

11.67 ns 12.08 ns 11.83 ns

Available P (mg kg'y)

. 1
T

Control As(111) As(V)

31J°7i 6 WaanlaSandudselezed (mgke™)

e F8NYINISINg AR NNIANANeITEd Yy NNaDa

200
control [ As(IIT)
1723 a/a

1503 bfa
138.0 dfb

180

160
132.0 c/a

114.0 b/b

129.7 dfa

107.0 c/b

140 -

120

Total As aceuniulation of C.papyries (mglke’)

40 Hansms
20
L3efms || 10 20ms 1.0ns L0mns

o T T T T

Day 0 Day 15 Day 30 Day 45

Ui 7 msasananviyraennddle (mgke™)

wWaguwlasmunanmzlgn

As(V)

W As(D

12,7 absns || 130 /s

control As(V)

11.0 bed/ns
12 || 11.0bc/ns

0
.5cd5/ns
s
6
4
2
0 4

Day 0

12.7 ab/ns

Available P (mg kg™)

Day 15 Day 30 Day 45 Day 60

Ui 8 WeavlaSanidudselan (mg ke ™) Wasuulasmunm

wizagn
9

o o

HNBWe: ManyIMmanguuaseNNLandNegNiitaddgymeadd dsnesdiunihuanInNIuanaNTEnin o - 60 Turasduudozyn

[ o o o o , . o d o
ldud Gugamuau duiildarsigluduazasiziun dgnusimundudasnnuLane szt o - 60 Ju WisSeufiauudaznanwizlania o,

DA 2
15, 30, 45, 60 JUILHINAUNT 3 ya

mngﬂﬁ 5 U%mmmsaxaumwy‘ﬁwm
(Total arsenic) ﬁnnﬁﬁﬂﬁ@ﬂazauwuiw fuitldendis
wadimsszanannnhauildorsilud Tasidnis
WU 146.08 uaz 113.58 mg ke ' thatl3auiiiey
Aaaelaedidisue$i (DMRT) wui fiaau
wanenagiivedanlunngadu (P-value < 0.01)
mﬂgﬂﬁ 7 mquﬁﬂuLtﬂam%mmmwgﬁy’wmﬁnn
dgUdgaazanszning 0 89 60 TuraAULAdLYa
Téud dugamuau duilldarnfirluduasasiziua
wuh gamuaulifinnuuandwadniivesany (P-
value = 0.400) uaduildorsiwluduazarsiaiun i
aNNUANGINBE NN UEd A (P-value < 0.01) N3
uJﬁ'ﬂuu,ﬂawmﬂ%mmmswyﬁy’wmﬁnnﬁﬁﬂs‘f@ﬂ
dranszwieiuil 0 &1 60 (WallSsuiiisuudazim
twzUan 0, 15, 30, 45, 60 MU sepaduns 3 %0

WU HaNNuanENIUN 15 89 60 TuiwizUgnagn

Ngdhaey (P-value < 0.01) wnlumsuasuuas
sasdugamuauliiimandsuules dwmiuauild
afiluduazadiziue ananugsaaluiuil 30 vas
M3mzlanuaines 9 anas MsANWINIQAaan
mswyﬁwuﬂ‘[ﬂﬂﬂﬂﬁﬁﬂﬁmmsnﬁﬂmwamﬁﬁ'ﬂ
szazusnlagazidaaannsasdTeilaweunsly

(Jomjun et al., 2018)

mﬂgﬂﬁ 6 Usmnamaanaafiuls:Tomd
(Available P, P,) dadsdauamasnui dudild
ardlud > Guitldansimiue > yaauau famds

(AU 12.08, 11.83 uaz 11.67 mg kg ' lag@uya

v !
= =l

AMuANinIsNTENEdayaNnNge tiaIauiigy
MdelaedZaduesi (DMRT) wud Guns 3 ga

lidfianuuandageiitadaumeada (P-value =

0.882) 3n3Uh 8 Msuldauulas P, 581 0 s
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60 Tuasduudazgalaun dugamuan duilldensiy

Tuduazarsimua wuh auqﬂmuQmLasﬁuﬁHms’
wludimuanavadreiitadiaa (P-value < 0.01)
fuiildorsiwiuaiianauaneadieiived d (p-
value < 0.05) m3tUaeuulasisana Pavssw’hﬁuﬁ
0 19 60 LﬁlaLU%EJULﬁEIULLGiazL’Ja’]LW’IZﬂQﬂ 0, 15,
30, 45, 60 VU SEMI9AUI 3 FAWUI) AN
uanshaagheiisdaaaseuluiui 15 war 30 Tag
§ P-value < 0.01 a2 0.05 MNFIAU wWILUNNS
wWasuulasuinm p,, YIAUYAMIVANDE TENIN

10.33 - 14.33 mgkg " lasiun 15 JUsnw P,
gege dunldarsigludnwudn Usina P, agsening
9.67 - 13.67 mg kg ' laawugegaluiun 30 vaq

a a9 e ' a
ﬂ’]ﬁlquﬂgﬂ LLagﬂu'ﬂlaa’]it‘ﬁLu@WUQ’] USua Pa

8898139 10.50 - 13.00 mgkg ' lagU3nm P,
gqqﬂiuﬁ'uﬁ 45 229m5inzUan uazdSnm P, 284
fuildndiwluduazandioue Sanulndidseiu
Wagwasaiusguanlunmsiivlavasiiy
Waanasalusunaawa (PO,>) Fansuznaiadl
aae 215uBue Weanasaiashundemsvudiuay
msuantlasululassadedusnnnnassiun fau
e 2 srgfeunuinulaludfasenadicu ms
ANATNDU NITAZAY NIIQATU NITTUBDN UAZNIS
wiatumMsgaguludy (Senn et al., 2018) Waanasa
Seiansnandamsiamadimualudiindan Tas
m%mlw‘fmmiaLﬂﬁlﬂugﬂlﬂL“TJum%LmumTuamw
sandiatu uarsanesaliwdsuuadlasufnsens
@and (Sanz et at., 2007) mstinWasaasluludu

WU aﬁtmumgﬂ@ﬂ%’uluﬁuaﬂm (1489910 N19

1300

-
-
T
T

As(IIT)

860.92 ¢ 925.58 b

T
—

1200

110

1000

Exchangeable Ca (mg kg')
Exchangeable Me (me ke™)

Control As(V)

Uit 9 uaa@enfivanidsulaludu (mgke™)

40

wistuiulumsnanus: uaazlierdseiuandis
Tudl (Bolan et al., 2013) winwWasaWasauazasnyi
ANNENTUIINY Srsnyasgnasanluizuinnin
wzasvyiiznadnniy wazansnyimsgeazan
Tudusniwoanssd (Zou et al., 2009) AMENUR
2098U Snuaziiiaduy ﬁﬁmtazﬂ‘%mml,ﬁ'mqsluﬁu
waziasedunnaandmadannusmnsalumssam
2a9iu MIadaude wazUisenseninasnyny
WaanWaiadunanan1sQadzanyaINy  (Bissen and

ANEAINNISLA @

ee

Frimmel, 2003) WLa% W&

¥
=1

sanBadu-3antuudadendunuings (Kubicki,
2005) anuluivrssssnynuiinduiudadiuves

mswg&iaﬂaaﬂa%’amnﬂiwmmL“Zl'mymmswgﬁy'wm
(Lu et al., 2010) mwwﬁ'mﬁmﬁ'unsxmums
Lﬂéauﬁmmﬂﬂﬁﬁ%mﬂsm—wa msiaasusznau
139%8U (complexation) MIANALNBY (precipitation)
wazaNaaInand (redox equilibrium) ﬂﬁﬁ%mma‘wﬁ

waaeANNEN T lUM TUHIEBTTUYFITING

(Signes-Pastor et al., 2007) ﬂ’liLﬁNﬂﬂWBﬂWﬂ%ﬂiu

¥
=1

wunnfineanasauazasvywu arsnyazarala

v
=2

§92Y (Emil et al., 2006)

LY

a

Tosfianyfgiunalnms
YaadUassarsuyarndulgurlaauleaun 1.

a a

dunAgINRBNTLATY (oxidation) AB NMIBBNBLATY
299915150 auUS lwlsd [As bearing pyrite, Fe(S,
As),] ﬂ%mmmﬂgnaauaanmﬂﬁ'ﬂﬁﬁu waUaeeg
UITEINA 2. FNYAFIUTANTU (reduction) AB NS
%ﬁni{uwmmsmﬁﬁlaLﬁ%ﬂﬂﬂ%lﬂﬂiﬂﬂlﬁﬁ (Fe -
oxyhydroxides) wazunamiigaandlansanlyd (Mn
~ oxyhydroxides) 3. matinilanoanalufuiiiald

wivduAussmylumsgagyu (Emil et al., 2006)

25.67¢ 27.92 ab

[

28.08a

-

I

L

_

Control As(I1D) As(V)

suii 10 wuniiiFendiivandsulaludu (mgke™)

wneme: I8NHINMISINELAAIANNIANA eI TEd N NaDa

9
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1123 a/fa

956 c/b
710 elc

Day 15

control

W As(TD)

918 o/b
892 il 913 aa
1059 aa

923 b/ns

o~ 1000 | 923 abins

{9234

&
3
@
g
=3
E)
&
4
5
<]

Day 0 Day 30 Day 45
s 1 uradeniivann/aou’ld (mg kg') uldsuulasmy

naunizilgn

Day 60

As(V)

|824 sfc
973 bfa 875 are 50/
86

20 a/ns control [l AS(IIL) [ AstV)

920

80 af
60 -

33 b/ab

33.7bfa
29 b/

500+

323 befa

25.7 edele

28.3 bé

Exchangeable Mg (mg kg™)

26,7 cdia 27 ¢/
227db -
22.7 df¢

o

Day 0 Day 15 Day 30 Day 45 Day 60

guii 12 wuniiBewiivandeuld (mg kg™

wWaguudasmunamnzlan

WANELHG: MIaNHIMINAINgEUARIANNLANG N iiTaAMEda ddnusihumhuanianuuandesznin 0 - 60 Tuzssduudazyaldun

fugamuaw dufildanswluduazasimiun dnusdumvauansanuuanaessniig o - 60 Ju WawSsuiisuudaznawzUgnde o, 15, 30,

Y oa &
45, 60 IUITWINAUMN 3 %0

1n3UM 9 ueatFanfiuantUdaula

(Exchangeable Ca, Ca_) tiiai3aesiauaiadsluue

[}
~

azgadUNUD Augamuan > Gunldansisiue > Gui
Tdorsulud Haadewinny 962.08, 925.58 was

860.92 me kg Toadiugaildansigludinmsnszas

v

ﬂauamn‘wam dWallSsuiisummaslaeddisa sy
8159 (DMRT) WU Gunngadinnuuananiag
dvsdran (P-value<0.01) mngﬂﬁ 11 A9
wWazuuaaSana Ca, 52 0 1 60 Juzasdiuud
asgaldun Augamuan duiildanfialuduazerii
we denuuanenagnitadiag (P-value < 0.01)
mawasuudasSine Ca,, sewheiuil 0 8 60 ila
Wisuiisuudaznawzlan o, 15, 30, 45, 60 U
5EMINeaung 3 %0 WU HANNKANEINBEINE
Wedhday (P-value < 0.01) Tuiudl 15 89 60 Juzas
MItnzlan wnliumswasuulaSnn Ca,, 28N
fugamuauiiatiunniud o 8 45 whaaadluiud
60 dvsuduldarsialuduSanm Ca, 521319 0 B9
15 amaw‘hqﬂwhﬁ'u 710.33 mg kg ' ud iy
duagluszaulndidesiu Tosfidrogszuin 710.33
~923.33 mgkg” duiilderdimuansduiiuualiy
Wndussvieiudl o 1 15 Usina ca fidgegai
1,123.33 mg kg ' udrdvanauazaglussaulndides
nu loaiinagszniie 824.33 - 1,123.33 mg kg’

Watlsauisulsanm Ca, Tudunldonsigludiian

nnnhdunld msiualunaiwzlan 30 - 60 Ju

10

uea@eswlildsngamsdnudaiiy (Thor,
2019) uaralufanssunmsasaiulavesizads
$dny wuiisdastumainmangansgaasay
lasautszauanlusiniin nszurumsiuunuadzy
waztigntaatunsadelaseadiene g saeiy
(Mahajan et al., 2008) WAILFANAAAIINLATHANIN
Tavigiie losaamsdzaulavie (Thor, 2019) waaLda
mmm“Juamﬁwmmﬁwyua:aﬂmﬁmﬁ'aus’fhﬂm'swg
Tuduuazih fimsldueadeuladasnlad (Calcium
Peroxide; Ca0,) oz WAdLTauAaalsd (Calcium
chloride; CaCl,) aAN15QAdzaNaISUYUBINTDENE
Usz@n5nIW (Fuessle and Taylor, 2004) el
wraanUngwianiuneanaiauasasvyasnadi
Wuansusenauidetiaussvinuaaden — Weanasa
-1y (Ca-P-As) ammsmé‘auﬁwwmmqﬁq 3 Tu
AU (Szegedi et al., 2010) SnmadeanuansUsenay
waaLFanInsumnusadiriie Fduwusiuman
wazuaadenlunnus (Signes-Pastor et al., 2007)

103U 10 wnniliFeniivanidould
(Exchangeable Mg, Mg, ) e aedduamasnui
duilldardiue > auitldosiglud > Gugaauay
Tosildmasuwhiu 28.08, 27.92 uas 25.67 mg kg~
! muéwé’fuﬁuﬁidm%mlus’fﬁmiﬂivmﬂifayamﬂ

[

Wcm Wa3suiiisuanasleedsasasuan4i

v
a o

(DMRT) WU ﬂuw’lamswgmaawuﬂumm

o @ @ A

uanaNnUaNITadAYAUAUEAAIUAN (P-value <

o
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0.05) mngﬂﬁ 12 msiasuudasiSina Mg,
52139 0 B9 60 Tuzasduudazgalaun AugaaIuan
fuildorsrluduazadimue fanuuandeaadl
HadAny (P-value < 0.01) msilasuutasuSunn
Mg, sewieiudi 0 89 60 iaFeuifisundaziom
twgdan 0, 15, 30, 45, 60 U sepaduns 3 i1g
wuh fenuuandreiuluiud 15 89 60 Suzasms
twsUgnageiivediany (P-value < 0.01) wwdliin
msilasuulasuine Mg, wuh ﬁﬁwqqqﬂu’)’uﬁ 0
2a9MINIzUgNTAY 80.00 mg wdIeanaslunn
goauagNitadAg (P-value < 0.01) USnm Mg,
°z|mﬁuqmmuquammﬁwqmlui’uﬁ 15 waz 30 (MnNu
29.67 mg kg wdIeiindulusuit 45 uaz 60 Taodl

A1BETENIN 22.67 — 80.00 mg kg ' Audnldarsiy

u
s 1o a o A 4 d o o 7
1umuﬂ'§mm Mg, Nﬂ’]iﬁﬂ'&!ﬂ')u‘ﬂ 0 FLINNNIFNU

]
1 o

waziiAmenaaluiun 15 oy 15.67 mg kg waIR4

iistiuanagaiiiasluiud 30 f 60 apsmanzlan
Toafiengegaluiuil 60 Aa 33.67 mg ke Auilldars
e Usanm Mg, Sunliuaieduildosilud
Tosfidrgegaluiuil 0 saamawizign udiaaas
ﬁwqmiu’)’uﬁ 15 fie 26.67 mg ke ' Toawdannidl
wnliiy vindulasdageaaluiudi 60 f#a 33.00 mg
kg

wandi@eniivszandnwlunsgatuasmy
agnanTreene thainudadudigatu Tastagiuiins

o a o N o a I o o A4 o~
“L!']E]SQNL‘LlEINLLaZLLNﬂ'uL‘ﬁﬂNNTNaﬂLﬂu@n(ﬂﬂ‘ﬁU‘ﬁﬁN

700

600

400

Extractable Fe (mg k™)

1

471 17 h

Exchangeable Al (mg k™)

4305 ¢ 56207 a

200

Control As(I11) As(V)

31J°7'i 13 wanhanalelufu (mgkg™)

a a '

Uszanimwannnhazgidisaviaunnilidenadnle

]
[l =2

agunilaiesIatie) argaduaanlndaves
prgiitilan-unniliFennanlyd (Al - Mg oxide
composite) HaNuamsalumadangs fuszansnwm
Tunmsgaduarsisluduazarsigiuandndanszy
Huande ansagagua Iy lugnnie (Wei et al.,
2016) nalﬂm‘a@,wﬁ’uaﬁwwﬁ'mﬂ'mﬁumﬁﬁaﬁmm
ﬂa:u laasanta (OH group) (Amita et al., 1999)
unnitfeulansanlad [Magnesium hydroxide;
Mg(OH),] mmsmﬂﬁaué’wmwg‘[mmﬁmms
anaznausteiUszansmniiierUszana 7 ud
uwnnildeniilssansmwlumsiadoushemanyiios
ahwmdn Usinaieaauiedasniuazlfnaiuu
a1 wunilifsuuszunadanazindauiaasny
winguluasazarsduluaninzduiigs Tagv
UiAssmandsuiedieismlimamyliazas
Téud mannasnauiufumsgaduuuiuionznay
(3803 MIANANaUIIN lasasuyuazunniiifay
anaznaunINnludmsusznauuaniiiBenasimun
[Magnesium arsenate, Mg(HAsO,)] uaz Ly nilldaa
15wlue [Magnesium arsenite, Mg(HAsO,)] a3
wygatuuuaznauesunniliBenlaasenlyd
[Magnesium hydroxide, Mg(OH),] (Ghosh et al.,
2003) nszrumsiaaauthaianulaaiofiey < 7
mMseaauth e dmua s ansmuannnendis

Tué o #Wiay < 7.5 (Islam and Islam, 1973)

0.0190 ns

T

0.0251 ns

=

0.0170 ns

-

L

Control As(I11) As(V)

U 14 szpiidlenfivanideulaludy (mgke™)

YNNG MIBNYIMBINBUTIANNLANGNDENITETATY

11
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638.67 afa control Ml AS(IIT) [ As(v)

| 5126700
512.67

537.33 abfa

460 e/ns

460 c/ns
557,67 4
<0 8

495 ¢l 42067 d/a

365.67 dic
341,67 g/
505.67

Extractable Fe (mg l:g")
Exchangeable Al (mg lig‘l)

Day 0 Day 15 Day 30 Day 45 Day 60

Uil 15 wanfianald (mg.kg™) Wasuulasnunm

wnzlgn

005

0.04

002

0.046 a/a
'38 alb

control [l As(IIT) As(V)

0.032b/a

[}
-
0.027 ab/b

0.0025 cde/ns
0025 efns I 0.0023 Efrl
T

| .

0.017 ¢/a
I.UO} cdic

0.005 d/b

0.015 /| | 0,004 o/be

Day 45

Day 0 Day 15 Day 30 Day 60

Uil 16 azgldienfiuanidsuld (mgke™) Wasuulasoy

nazlan

WHBLH6): HIANWIMHIBINGUUANIANNULANGNBENTTEAYMNEEH TrsnusumbhuanaNuLaNeNsznin 0 - 60 Tuzasduudazgaldun Gu

a d9 o o o } ' o o '
gamuau dufildansiuluduasasioue ManusmunaLEneaNNUANEINTEHiN 0 - 60 T WiawSsuiiauudasnamzlgnia o, 15, 30, 45, 60

TUTATRAUN 3 40

NNFUN 13 aievarauaadgUnm

WaNNanale (Extractable Fe, Fe_ ) WU duiildans

ext

WU > Augaaluay > duitldonsiglud daads
LMINU 562.92, 471.17 uaz 439.50 mg kg

o =
NITAYYBDNININNY

U q

MUY ﬁuymmuquﬁms

< It

msil3sufisudasanndadansuersi (DMRT)
WU Aunngadianuuanaiuegnivediay (P-
value < 0.01) mﬂgﬂﬁ 15 Mswasunlasluna
Fe,, 95¥3N 0 f 60 Juzasduudazgalaun duye
mugw duiildodiluduasarsiziug fanuuand
aghefied @y (P-value < 0.01) n151UFauLUAY
USanm Fe,, szuineiudi 0 89 60 iai3auiiisuud
azawzlan 0, 15, 30, 45, 60 U SEMNeAUIN
3 40 ﬁmmLmnehqﬁ'u‘s:wiwnéjualui’uﬁ 15 4 60
Jurasmsiwzignagiitiadagy (P-value < 0.01)
ﬁummuquﬁum‘[ﬁmm‘stﬂ?;ﬂuuﬂmﬂ%mm Fe,,
tBuIn Ui 0 ﬁdwgaqﬂui’uﬁ 15 (YN 557.67
mg kg eanasadedaiiatnniuit 30 au@%wqﬂiu

U 60 LAY 308.67 mg kg ' duldorsialudi

¥
=

winlivadedugaauauia Usina Fe  iindu
Qqqﬂmni'uﬁ 0 949 15 d@A1 532.00 mg kg™ Ua9I
anasathedaiiias Taafidndaaluiuil 60 apams
tNzUgniiiny 341.67 mg kg’ fuildarsimund
wnliuededun 2 gafs s Fe, daniuiu
Jumgagaluiudl 15 fieh 638.67 mg kg wozana
dntiesluiuil 30 MauSeanasaeannluiud 45

wae 60 7IUN 60 AAINFAWNINY 480.67 mg kg™’

12

mim?iaué”nslLtazmsaxmawmmwgiu
dsazaradudunusadnlndgdanunisusinguas
wgdnssuzaunanludu lasansuyazanaznau
swfumanua:liaauineg IﬂﬂLﬁmLﬂugﬂfﬂﬁazaWﬂ
fa lawnsaladsusanlyd (Hydrated Fe oxide) &5
wguawﬁnasamﬁwﬁaagnwuLﬁaﬁwﬁ'ﬂﬂmwmnﬁﬂ
2ONTLATU-IANTUTBENTI 50 mV Tmﬂ@mﬁmﬁﬂuaz
mswg%gn“ﬁ'ﬁaﬂmﬂL“\J?;ﬂumawﬁmnﬂizagmn 5 W
Hudszquan 3 anudaiugsgaiiansvyuazinn
avanaldda -50 uaz 150 mV INYITATANLAN

v
=l

fl —200 mV WHISUNUINYBIZED LW Laz D151y lue
alua t

BINULWANDN

a v @

AWINUY

a

Tagarsvyarnnsotdviiujan e

[}
= v

dsusenaunliazarsin wazlineny

(Signes-Pastor et al., 2007) BNSWAYAIANYNINATS
insaniadu-sansudamsasanzarsnyludulasu
a a o v W g 3 J

answaain 1. Mmasandurasansimualdiduansie
Tud Toaufnsenmsens 2. msazazuasladiuasn
#laasanlad (Fe-oxyhydroxides) uazlanlans

v

@£NBUIIN (co-precipitated Arsenate) 3. MsNAUla

pdfzavaIsuyuazdaias laanisnealnd

a

UszAnSmmeasussinarsuiiangalwe (As sulfide) 9
Talazane (Signes-Pastor et al., 2007) Wangazua3
wuaannIWaawasd (Violante and Pigna, 2002)
anwudnduasnylududuiusiuman azgiitien
WM ila wsduniien us aanduaulasau (Mineral
oxyanions) LA §ITAUNT glu@u (Goh and Lim,

2005) T8N LDBURLANENINAISLANDDNTLATU -
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Sandudinarhliiamsanasnauladsulansenlag
(Fe-hydroxides) 14U N8 Ine (Goethite) waztnassa
Talase (Ferrihydrite) Fewulamlluduiisnswane
wqaﬂsiumimﬁ'auﬁmmwg (Jain et al., 1999)
msanaznauaauswminlulans o miiouiinud
fdszqiuunn a'malﬁmsgm%’umwgtﬁu%u i
ﬂﬁﬁ’%mi’:ﬁq%uﬁuﬁLaﬁathqmnﬁ'umwgﬁﬁﬂssﬁgau
(anionic) t34 HAsO4”> wae HAsO3” (Lombi et al.,
2000) lagazgatugandy Lﬁaﬁtaﬁagiswiw 4-7
Taofienfimanzania 4 maldidoulansanisuiia
Tﬂsmauwmﬁm%dqLa'%umi@ﬂifumﬁmumﬁﬂss@
Wuau 215tunnanuseagudusanuusinessae
anlad (Fe(IDoxide) Melddouluaandladadie
auysal lagtinn1sudeadussninersigiuauasy
Woaa Tugmwitdudathvhudauhlugmeazas
2o9latdsusanlyd (Fe oxides) dawaliitinnis
Uandaesarsialud a1simiua tlassanrsiaiua
(Fe(1) Arsenate) @ﬂii'mﬁ@?vjusw:mﬁtaw 7 -10
Tasfenminzanaa 7 doulylZomaivurhli
Aamsemanaswadhfuldateuiseiuiuiiale
d5ulaasenlad (Fe hydroxides) 31nni1ansnyds
Lmuﬁiu‘ﬁyuﬁamﬁmmsmﬂmswgaanm M3gazu
NSEuaiNBuTIMITUMsaafies Tagandiaiue
gaduladsusanlad (Fe oxides) nniarsizlud
aﬁmluﬁﬁﬂizmﬂuﬂmﬁqLﬂéauﬁmlﬁmﬂﬂiw
Tug9iorn9n1 (Bose and Sharma, 2002)
mngﬂﬁ 14 azgﬁtﬁﬁuﬁuamﬂﬁlﬂulé’
(Exchangeable Al, Al_) Wia3aedduaaaenyd
duilldordiolud > Gugamuau > duilldardisua
Taaifidmashiy 0.0251, 0.0190 uaz 0.0170 mg
ke nuadu Tosduildansigludimanssnedaya

a

wniige manlSsuidisudiaislesizisaduensi
(DMRT) WU funa 3 Falifianuuandeadad
Had AN NEDa (P-value = 0.493) mngﬂﬁ 16 Al
HuguitwutiosluduueiHuguiideh W Fss Tomi
mswasuudasuSanm Al sewie 0 89 60 Juas
fuudozgaldud dugamuau duilldordirluduas

21519LUa Fanuuananeaiivadian (P-value <

13

0.01) MmawasunlaaSmnm Al szuieiudi o 8
60 wWisuguudaznawzlan o, 15, 30, 45, 60
Su sewineduin 3 HAWUDN fleuuaneesE e
3 nauluduil 15 89 60 zasmatmIzgnadied
HadAty (P-value < 0.01) winTiumsiasuulas

s Al 2evdugamuan duwrlduinguain

v
1Y

U 0 D9 30 NAged

U9

Tuiuh 30 t¥nU 0.028 mg

a1 v d o o da
kg waranadaeNnaiiaaluiui 45 waz 60 Gunld

' o
a2

215w lud USuner Al LU Iud 0 i 30 &

MgNEaAD 0.046 mg kg ' udINanasluIun 45 uaz

]
=~

60 auldonsimuat3mnm Al Ao ) tRNAUINIUND

0 9 30 AMFIFAAD 0.038 mg kg uAITNAAAILU
Fufi 45 uay 60 duildorfirludivsunm AL
wnnhauildansisun
ms@m%’umnﬁq@waqmﬁmumuu
pzgfitilsnlansenlodadaugiu (Amorphrous Al
hydroxides) Lﬁﬂ%uLﬁaﬁLaﬁ 4 — 4.5 (Anderson et al.,
1976) azgﬁLﬂﬂnﬁ’mmnqnmsmﬁauﬁﬂaqmswg
Tuduuai Teglfeaauthamsivludunaday o3
wylugnweanilodgaduatnudeussnuazgiiviiew
pandlansanaan luauaraanlae [Al(oxyhydr)oxide]
Tasdufuanuuiausiwasleasu (ionic strength) 34
msmeasnyarivesluamwiiteniunasdauiu
AN u,ei%ﬁm‘smﬂmwymnluamwﬁjuﬂmdau
(Tingying and Jeffrey, 2018) aiiwliﬁmmmswyhi
asAeagauiusilasusazgiiva (Aluminous) wadl
anuEnAulaganuiIus e g #flmanlasamizla
wiulaasenluduazaanlad [Fe(hydr)oxides] Wiand
HANIZNUADNITNATUDENUTIIUTIYBITN TUYUUAY
wazwiiszsganansouwsiuld erfimungngadu
wnndtuulatdsusanlad (Fe oxides) ¥1nnI0

a o

avgiiiionaanlyd (Al oxides) sausiiorfinlusdignga
Fuden o Aagge innzarsigludnadidunse
sau SeFuRuE A adaufiuse uenaniida
Msudesdumsinnulassnienaaianazesisue
Faorsimuadindulddesnidussgiiiisnaanlyd
(Al oxides) (Massimo et al., 2015) dudunsoiiiay

< 5 tiumssamarsnyluduuaziinenuduivde
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=

i Tozilaansuynanusziusindulaun arsusznau

< a o

anuararaiilenniaandauazazanelanindu

u

=

azgitfisniinnuanisolumsgaduarsnyaeia
A9 ﬁﬂuﬁmflﬁﬁwﬁmfwﬂuL"f"]aumswg M3na
FuasnyannusnulTinaezgiitlisnaanlyd (Al
oxides) Tagtigndaefuanuicusivaslanau
uantviiaaniiey dnaninnsiiaeandLatu -

a v W a v . a
30n%u uazloaaulBetou (complex ion) Tuduuy

¥
A A

Wuihasgiitilanaanlyd (Al oxides) uazladsuaan
l5el (Fe oxides) lagansnygndivgaadiawseann
UszAnsmwuaauseanlad (oxidic minerals) ‘ﬁﬂ’i'\ﬂ{]
Tuduidu nguazgiitiisnlansanlyd (Al - OH
group) Tuwsialodlud (Kaolinite) (Ghosh et al.,
2003)

A

3.2 MINATISHINANNUS NI TTUBASNITIATISH
mmmﬂaﬂwq@mwaaﬂw”ﬂﬁdmaﬁian15@6)33&34

& . a 4
FITHUINHNA (Total arsenic) aaannadie

M50 1 udaam e NeRanduwus e sy

NN 1 MINAFBUFHINNUS DS
ssijﬂﬁﬂﬁtﬁlmﬁmﬁ'ums@masanmwgﬁ'wm
a0enndBUdldud Snnuiuiinzlgn siiamsvy
L0% Fe,, waz Al A NFUWUSITIUINDEI9E
Vodda Taadwlsig 5 Sendudszansanduwus
(NESFY (r) LYY 0.331%, 0.713%%, 0.647**,
0.335* 1Lag 0.353* (P-value < 0.01** 1LY 0.05%)
MUY ANEAINAIILANDINTLATU-TANTULDE
Mg, #01uduWusIdsauadivadiag da)
Fulseansanduusiiesdu (r) WYY -0.601%*
Wae -0.447** (P-value < 0.01) wanslumsed 1
LN BWAITUILN AT WD Stevens (1992) NE1277
AnNFNRLEsEwINuUsBasEilaiaant 0.80 34
wineds aaudshifedamenuduiusiaganiali
Wudaszaanu (multicollinearity) Suhanwennsalig

ansahlvilensionosenigauealy

Correlations Total arsenic day speciation pH Eh Fe Ca Mg P Al
Total arsenic 1
day 0.331* 1
speciation 0.713** 0.000 1
pH 0.647** 0.548** 0.404** 1
Eh -0.601** -0.710** | -0.105 -0.400**
Extractable Fe 0.335* -0.444** 0.330* -0.102 -0.106 1
Exchangeable Ca -0.145 -0.123 -0.111 -0.255 0.034 0.233 1
Exchangeable Mg -0.447** -0.567** 0.036 -0.318* 0.905** -0.231 0.096 1
Available P 0.214 0.263 0.034 0.199 -0.343* -0.013 0.166 -0.184 1
Exchangeable Al 0.353* -0.069 -0.043 0.252 -0.369* = 0.547**  0.054 -0.519** | 0.078 1

nnawme: = dszautisdhdgnesdanszeu 0.01 uaz * Tszduladagmiadanszdu .05
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MINT 2 uanIaMIANeioanERQM (n = 36)

Variable b SE B t P - value VIF
(Constant) -339.542 70.623 -4.808 0.000
Arsenic speciation 20.249 2.724 0.498 7.434 0.000 1.338
Eh -0.322 0.043 -0.626 -7.504 0.000 2.072
pH 52.681 11.314 0.369 4.656 0.000 1.870
Day -0.987 0.298 -0.316 -3.313 0.002 2.702

WHBLHA: R = 0.930, R® = 0.866, R” adj = 0.852, f = 10.978, P-value = 0.002, Durbin — Watson = 0.738

N7 2 WEPNKHAMIIATIEVDADRENTIAM
Fulsinaside USinamanynaaeiinnddldge
draul’ ﬂﬁﬂﬁmﬂsﬁassﬁﬁwaeiam'sg]ﬂaxaumwg
nwannaldun ¥IAYBIFISNY Noy ANENINMITLAG
pandlafu-3@ndu wariuilwzgn ilaasnaau
Taymeanudunusuasdulsdasziimganialaidu
dasz@anu (multicollinearity) 31AFDAINUA A
Variance inflation factor (VIF) @asdia1lyitiu 10 ﬁ
wan9d1 eaudsdaseiinnudunusoy lagain
MIANIWUN @A VIF §A1agsenin 1.338 - 2.702
Felidadaymaananiy Tadeifinadamsgassan
miwy'ﬁwmﬂmnnﬁﬁﬂG‘fmmsm'mﬁuwmﬂsm"”lﬁ
Jeuaz 85.2 lowiiA) R” (iU 0.852 Wi
wlswennsalnanuean@auaumslaasil amsazay
miwy%wummﬂnﬁﬁﬂef = -339.542 + 20.249
(FUAY2IdIsUY) - 0.322 (AnEAIWAITINA

[ o v

2ONTLATU-30NTU) + 52.681 (WLa%) — 0.987
o A ' s ¢ ¢
Guiitnzdgn) naumswui assluduasasiy
wadwnldunasgnasanaglufumnnnigngaazan
Tagity NANTNNNAIAINYBIENNS (constant value)
(N -339.542 ¥liAIE TUYUANLDBNMALES

1 =3 4 aa 14
uIn nanfa arsiriuagnoaasanlaannddld
nnnhaslud wazmniteniaduasaasinms
QAFINIITNYNIMNAZBINNBEUE dnanwnisiie

2andLadu-3anfulinaiBeudamsgadsanansny

MUNALBINNBEUH Mnanasazduasumsgassan

15

& P P
ﬁTﬁWEW\?WN@‘UBQW‘Zﬁ 'Ju‘V]LWWSﬂQﬂ“VlNﬂ']’iﬂgﬁNQQE!ﬂ

]
=

Apdui 30 289MIINIEUYN WAIILANANUHDIAD

waﬂgmﬁuﬁu ‘\T]ﬂEﬁJﬂ']iﬁ']N’]’iﬂ’hNWEﬂﬂiﬂﬂﬁ%ﬂﬂ
=® o ] tﬂ' =l WV Al a 4
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ABSTRACT

Bacterial cellulose is a product obtained from the synthesis of cellulose outside the cell, produced by bacteria. The purpose
of this research is to study the influence of fruit juices and the optimum of ammonium sulfate on bacterial cellulose production from
Acetobacter xylinum. The experiments were conducted by a 2 x 3 factorial experiment using a completely randomized design with
five replications. There were two types of fruit juice, including coconut water and pineapple juice. Three levels of ammonium sulfate
were used at 0.25%, 0.50% and 0.75%. Wet weight and thickness of bacterial cellulose sheet were collected. The results showed that
there was a significant difference (p < 0.05) between the main effects of fruit juices and the amount of ammonium sulfate on the wet
weight and thickness of bacterial cellulose. However, there was no interaction effect between them. The treatments that gave the highest
average of wet weight and thickness were coconut water (wet weight 37.67 + 1.94 g., thickness 2.74 + 0.18 c¢m.) and the
concentration levels 0.25% or 0.50% of ammonium sulfate (wet weight 29.68 + 9.46 and 30.00 + 9.08 g. respectively, thickness

2.15%0.73 and 2.18 £ 0.71 cm. respectively)

KEYWORDS: bacterial cellulose, Acetobacter xylinum, coconut water, pineapple juice, ammonium sulfate
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ABSTRACT

The purpose of this research was to study and develop a conceptual framework for self-checkout systems to use only cameras
at the checkout station to detect goods from customers. This framework is designed to use deep learning models and computer vision
to classify similar products or identify sub-category products with similar appearances but different sizes. The framework is flexible
to use with no retraining whenever a new product or package is introduced by using feature point extraction and feature point matching.
The researcher uses the YOLO model to detect and identify the shape of the products and also defines the bounding boxes in the
detected image, and then defines the feature point of the product using feature point algorithms (e.g. SIFT, ORB, and BRISK) and
feature matching with reference images. The results from the experiment on the Thai products dataset that was collected by the
researcher found that this framework can be applied to effectively detect and recognize retail products in a self-checkout system. The
YOLO model can predict the shape and position of the product with an average mAP of 0.727, and the best feature point algorithm
for product classification from this experiment is SIFT, which has an accuracy of 82.96%. In summary, SIFT can improve the accuracy
of YOLO. Because of SIFT, the system can accurately predict the product class, although the YOLO bounding box does not cover an
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entire region occupied by a product. However, this experiment has a limitation because SIFT has low accuracy when predicting products

in bottle shape. This is expected to be a result of the light and shadows reflected from the bottles. Therefore, the environment at the

checkout area should be controlled. The product images should be clear, have no obstructions, and be free from disturbing light and

shadows.
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