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Modeling Tactical Free Energy and Shot Decision-Making in Professional Football
Using Spatiotemporal Event Data

Sarayut Pantian'’, Yaowalak Yamsuk?
'Faculty of Science and Technology, Thepsatri Rajabhat University, Meung, Lopburi province, 15000

2Independent Researcher, Meung, Lopburi province, 15000

Abstract

This study proposes a physics-inspired framework for analyzing shooting decision-making
in professional football through the concept of tactical free energy. Drawing on energy landscape
theory from statistical mechanics, we model the tactical influence exerted by surrounding players
on the ball as an abstract, configuration-dependent scalar field rather than a physical force. A
derivative-based formulation is introduced to quantify the rate of change in tactical free energy
around the ball, incorporating spatial factors such as distance to goal, shooting angle, opponent

density, and tactical entropy representing decision variability.

The framework is evaluated using open-source StatsBomb event and freeze-frame data.
Due to the absence of continuous tracking information, temporal derivatives are approximated
using discrete positional snapshots within a short pre-shot window. An exploratory empirical
analysis of 20 open-play shots reveals a moderate negative correlation (Pearson r = -0.62)
between the tactical free energy derivative and expected goals (xG), indicating that players tend
to attempt shots during moments of decreasing tactical resistance. Spatial heatmap visualizations
further show that successful shots are concentrated in regions characterized by lower tactical
energy influence. These findings suggest that shooting decisions can be interpreted as transitions
toward local minima in a tactical energy landscape. The proposed approach contributes to
football analytics by introducing an energy-based interpretation of tactical decision-making,
bridging concepts from statistical physics and spatiotemporal football data, and providing a

reproducible application using publicly available datasets. While exploratory in nature, the

*Corresponding author : sarayut.p@lawasri.tru.ac.th
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W[.m Modeling Tactical Free Energy and Shot Decision-Making...

framework demonstrates potential for extension to larger datasets and integration into predictive

and decision-support systems.

Keywords : football analytics, tactical energy, shooting decision, tracking data, energy

landscape.

Introduction

In modern football, the decision to attempt a goal is one of the most critical moments
that can determine the outcome of a match. The complexity of this decision lies not only in the
player’s technical ability but also in the contextual dynamics surrounding the event, such as
spatial positioning, pressure from defenders, and the player’s tactical awareness. As football
increasingly integrates data analytics and scientific modeling into its strategic planning,

understanding the probability of shooting decisions has emerged as a vital area of research.

Recent developments in performance analysis have employed spatial data to quantify
shooting opportunities using models such as Expected Goals (xG) [1-2]. While xG models have
provided meaningful insights into shot quality and scoring likelihood, they often treat each shot
as an independent event, ignoring the broader energy flow and tactical landscape that influences
the player’s choice to shoot. This limitation opens a space for more holistic modeling grounded

in the principles of physics and complexity science.

To address this gap, this study proposes a novel framework that integrates the concept of
Energy Landscape from statistical mechanics to model and interpret the decision-making process
in football. The Energy Landscape metaphor, which describes how systems evolve toward lower-
energy (more probable) states, has been successfully applied in molecular biology [3],
neuroscience [4], and complex adaptive systems [5]. Applied to football, this concept enables the
visualization of the tactical field as a dynamic terrain where players navigate options under the
influence of pressure, space, and time constraints. Moreover, football has increasingly been
studied through the lens of entropy and complexity, offering measures of unpredictability and
decision variability [6-7]. This study builds upon that foundation by linking entropy and energy
into a unified model that describes how the collective behavior of players affects a team’s tactical

free energy, a quantity that encapsulates opportunity, risk, and control.

The aim of this research is to analyze professional football match data and investigate
how player positions, defensive pressure, and match context influence the probability of a shot
attempt. By embedding these variables into a physics-inspired energy framework, we seek to
provide a deeper understanding of shooting decisions that goes beyond conventional statistical

models. This paper contributes to the field by (1) proposing a novel energy-based interpretation
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of football tactics, (2) integrating position tracking data with event-based shooting decisions, and

(3) providing empirical validation of the model using open-source data. The insights gained could
aid coaches, analysts, and Al systems in developing more context-aware tactical evaluations and

decision-support tools.
Methodology

This research proposes a novel framework that integrates principles from statistical
mechanics and spatiotemporal data analysis to investigate professional football players decision-
making when attempting a shot. The methodology consists of four major stages: data acquisition,

data preprocessing, tactical energy modeling, and statistical analysis.
1. Data Acquisition

In this study, only StatsBomb open-event data were used. As open-access datasets do not
contain continuous tracking information, player and ball velocities were approximated using
surrogate measures derived from freeze-frame positional changes and contextual variables. This
approximation allows the estimation of directional pressure and spatial gradients but does not
represent true optical-tracking velocities [8]. Since true tracking data are unavailable in the open-
release dataset, the calculation of, 131- — Eball and the spatial gradient vFi relies on surrogate
estimators. Therefore, the derivative in Eq. (2) should be interpreted as an approximation of

tactical energy change, not a physically exact velocity-based computation.
2. Data Preprocessing

The data were cleaned and merged into a unified format using Python libraries (pandas,
numpy) and organized by match ID, team, and half-time period. Only open-play shots were
included. The spatial coordinates of each shot were rescaled to match real pitch dimensions
(105x68 meters), enabling consistent heatmap visualization. Each shot instance was annotated
with contextual tags such as foot used, body part, under pressure, and goal outcome, in line with
event-based modeling standards [9]. For each shot, a temporal window of 3 seconds prior to the
event was analyzed, consistent with prior tactical-pressure studies. Only one freeze-frame per
second is available in StatsBomb data. Therefore, all temporal derivatives were approximated
using discrete differences. The value of dF/dt used in analysis corresponds to the average across

all available frames in the window.

Sarayut Pantian and Yaowalak Yamsuk
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3. Tactical Energy Modeling

To bridge physics and football analytics, this study introduces the concept of Tactical Free
Energy (F), adapted from statistical thermodynamics

F=U-T-S (1)

Where U is the Tactical potential energy, defined based on positional advantages (e.g.,
proximity to goal, angle, opposition density).

1

U=w, — tw; - ShotAngle — w;OpponentDensity (2)

goal

where dgoal is the shooter-goal distance. ShotAngle captures angular advantage.
OpponentDensity represents the number of defenders located within a 5-meter radius of the
shooter. Wi, W, and W3 are non-negative weighting coefficients that determine the relative
contribution of distance, angle, and defensive pressure to the potential energy U. All weights were
normalized such that wy +w, + w3 =1 to ensure dimensional consistency and
interpretability. In the present exploratory analysis, the weights were set empirically to w; = 0.4,
w, = 0.3 and w3 = 0.3 though alternative values can be calibrated using larger datasets or
optimization methods. A negative sign is introduced before the defensive density term because
higher opponent congestion reduces the offensive potential, consistent with tactical-pressure
theory and free-energy formulation. In the proposed framework, tactical potential energy U is not
interpreted as physical potential energy in the classical mechanics sense, where energy depends
solely on spatial coordinates. Instead, U is defined as an effective, configuration-dependent scalar
field that summarizes the tactical favorability of a game state surrounding the ball. This
formulation is analogous to potential landscapes in statistical mechanics and complex systems,
where the state of the system is determined not only by position but also by the arrangement,
density, and interaction of surrounding agents. In this context, higher values of U correspond to
tactically favorable configurations in which the ball experiences lower effective resistance to
offensive action, while lower values of U indicate unfavorable states characterized by increased
defensive congestion. Accordingly, proximity to the goal and wider shooting angles increase U by
enhancing offensive feasibility, whereas higher opponent density acts as a resisting constraint that
reduces the tactical potential. This abstraction allows tactical decision-making to be interpreted
through an energy-landscape perspective without requiring a direct physical force interpretation.
S is the Tactical entropy, calculated from the diversity of spatial options available to the shooter

as equation (3)

§ = = Yk=1PxIn(pr) (3)
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where Py, is the probability of an available action direction obtained by discretizing the 360° field

around the ball into K = 12 bins. Higher entropy indicates greater decision variability. T is the
scaling coefficient interpreted as time pressure or contextual urgency in match conditions defined

as

T = 1 (4)

1+dnearest defender

Where dpearest defender 15 the freeze-frame distance (meters) to the closest opponent,
normalized to [0,1]. Higher values reflect increased time pressure. Equation (5) is adapted from
the material derivative used in fluid dynamics. In the context of football, the ball represents the
reference particle, while each player contributes a local tactical energy field F; . Assuming linear
superposition. The derivative near the ball becomes

dFpail _ N (90F; @ = - R
_dta = — Ldi=1 (a_tl + VF; - (v; — Vbau)) (5)

was proposed to track the change in tactical energy influencing the ball, where 171- denotes each
player's velocity and Eball the ball's velocity. This formulation draws from energy field

propagation principles in physics [1,2,10].
4. Statistical and Spatial Analysis

Heatmaps were generated using the mplsoccer package to visualize shot distributions and
energy densities across pitch regions. Due to the limited sample size (20 shots), logistic regression
and ANOVA analyses originally proposed were deemed statistically unreliable. Therefore, only
descriptive statistics and a correlation analysis are reported in this exploratory study with variables
such as distance, angle, entropy level, and energy score. Comparative analysis was conducted
between teams and halves (first vs. second) to examine whether tactical energy correlates with

decision patterns
Results and Discussion

The small sample size (n=20) substantially limits statistical power and generalizability.
Therefore, all findings should be interpreted as exploratory. The results aim to demonstrate
feasibility rather than provide conclusive evidence. Each shot was paired with two key metrics:
the expected goal (xG) value, representing the statistical likelihood of scoring from that shot, and
the corresponding energy derivative (dF/dt), computed using the model from equation (2). The
results are summarized in Table 1. The average xG across the 20 events was 0.43, indicating a
generally moderate likelihood of scoring, while the average value of dF/dt was approximately -

0.08. Six of the 20 shots resulted in actual eoals (30% success rate), and the Pearson
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correlation between xG and dF/dt was found to be -0.62, suggesting a moderate negative

relationship.

Table 1. Summary of Shooting Events and Energy Metrics

Metric Value
Number of Shots 20
Average xG 0.43
Average dF/dt -0.08
Actual Goals Scored 6 (30%)
Pearson r (xG vs dF/dt) -0.62

These findings suggest that as the tactical energy around the ball decreases (i.e., more
negative dF/dt), players are more likely to take effective shots, consistent with the theoretical
analogy to energy valleys in physical systems. This aligns with the idea that optimal scoring
opportunities arise when external forces (e.g., opponent pressure) diminish, and the system (i.e.,

the ball's tactical state) is at a local energy minimum.

To visualize the spatial dynamics of tactical energy, a heatmap was generated (Figure 1).
Warmer colors indicate regions with lower dF/dt values, often near the penalty area where
successful shot attempts were clustered. This pattern confirms that reduced tactical energy aligns
spatially with high xG zones, supporting prior findings by Decroos et al. (2019) [8] on the critical

importance of field position and opponent spacing in shot success.
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Heatmap of Tactical Free Energy Influencing Shot Events
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Figure 1. Heatmap of Tactical Energy Derivative (dF/dt) near Shot Locations. The color scale has
been revised such that warmer colors correspond to higher dF/dt values, following common

heatmap conventions. A colorbar with units is now included.

This visualization supports the model's interpretability by linking abstract energy dynamics
to physical space on the pitch. Areas of low tactical energy act as “decision attractors,” where
players are more likely to shoot effectively. These results align with Spearman (2018) [2] and Link
et al. (2016) [9], who demonstrated the predictive value of contextual pressure and space-time
analysis in football performance modeling. However, the proposed model differs by offering a
physics-grounded quantitative interpretation of tactical behavior, rather than relying solely on

statistical or neural network-driven features.

Nonetheless, limitations remain. The dataset was relatively small and limited in tactical
diversity. Moreover, the model currently assumes a uniform energy field for each player without
accounting for individual tactical roles or contextual variables such as time pressure or fatigue, as
discussed by Memmert et al. (2017) [10]. Further research using larger datasets with richer context
is essential for refining the energy landscape framework and testing its predictive robustness across

teams, styles, and competitions.
Conclusion

This study presents a novel approach to understanding football shooting decisions through
the lens of energy-based modeling. By formulating a derivative-based equation rooted in the
concept of tactical free energy, we proposed a quantitative framework that captures how

collective player dynamics influence the ball's state during offensive moments. This model
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integrates position tracking and event data to compute the rate of change in tactical energy

affecting the ball, offering a new interpretation of shot quality and timing.

Empirical validation using a dataset of 20 shooting events revealed a moderate negative
correlation between the calculated energy derivative (dF/dt) and expected goal (xG) values. This
supports the hypothesis that players tend to shoot when the tactical energy landscape favors
them, specifically when surrounding energy pressure is low. The generated heatmap further
illustrates that low-energy regions correlate with areas of high shot frequency and success,

emphasizing the spatial relevance of the proposed metric.

The contributions of this research are threefold (1) introducing a physics-inspired model to
interpret football tactics, (2) demonstrating the integration of spatiotemporal data and tactical
energy concepts, and (3) providing an empirical example of how the model can be applied using
open-source football data. While promising, this study is exploratory in nature. Future work should
expand the dataset, refine the energy model to account for individual roles, team styles, and
contextual variables, and explore its integration into predictive analytics systems. Nevertheless,
this foundational step illustrates the potential of energy-based perspectives to enrich football

analytics and tactical understanding in both research and applied domains.
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Abstract
This study is to calculate the distance of pendulum and the vertical distance. Using
Newton's laws of motion in a system of equilibrium. We can be used mathematical techniques
on derivative functions. When the mass of the clock pendulum has dimensions of 0.10, 0.15, 0.20,
and 0.25 kg and the size of rope length is 1 m. The distance of pendulum and the vertical in the

case of tensile force was compared f, = f,,; and tensile force f, = f,,,t. The results of the

calculation can be seen that the distance of pendulum with the vertical line is directly
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proportional to the length of the rope. The distance of pendulum but inversely proportional to

the size of the mass of the clock pendulum.

Keywords : pull force, tension force, the distance between pendulum and the vertical
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Abstract

The objective of this research was to investigate the antioxidant activity and total phenolic
content of crude extracts from the Phaya Wanorn herb (Pseuderatherum Platiferum), a plant
traditionally used in Thai medicine. Extraction was performed using three solvents of different
polarities 99.8% ethanol, methanol, and water to compare their efficiency in extracting bioactive
compounds. The antioxidant activity was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging assay. The total phenolic content was analyzed using the Folin-Ciocalteu
method, with absorbance measured by a spectrophotometer. The results showed that all three
extracts of Pseuderatherum Platiferum exhibited DPPH radical scavenging activity. The methanol
extract demonstrated the highest antioxidant activity (ICsp = 0.15+0.01 mg/ml), followed by the
water extract (ICsp = 0.18+0.01 mg/ml) and the ethanol extract (ICso = 0.20+0.01 mg/ml),
respectively. The lower ICsy values indicate significantly higher antioxidant efficacy. Furthermore,
the analysis of total phenolic content revealed that the methanol extract had the highest
polyphenol content (20.50+0.50 mg GAE/g Extract), followed by the water extract (17.40+0.35 mg
GAE/g Extract) and the ethanol extract (15.20+0.40 mg GAE/g Extract). This study concluded that
the antioxidant activity of the Pseuderatherum Platiferum extracts is directly correlated with the
quantity of extracted phenolic compounds. This suggests that the extracts, particularly the
methanol extract, have the potential for development into dietary supplements or herbal
medicines for the prevention and treatment of diseases associated with free radicals.

Keywords : Antioxidant Activity, Pseuderatherum Platiferum, Polyphenols, DPPH, Herbal Extract
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mnudndueeneds asdueyyadaszainsssumdndnwulufivinaalsl wazayulnsvanevila dawlng
Wuanslungu wedfluea (Polyphenols) Walauses (Flavonoids) ualsfiuaes (Carotenoids) uax
NTUAN 9 1TU INTUTUaZINAUD [2]

Wey11us w3e Pseuderatherum Platiferum \dufivayulnsfiuthuidefuindasswaniunis
Snwonssniauuagisafiamds Tumemsumdualne fnmshanlfifieanemstandosuassingid
e mnasmaudanandisiu fenudululdgediaplnsvdadasdasesngimedanmidquisu
oyyadasy Judutiifuddylunisanmssniauuaznsidenanmysssadlunie [3] [4]

wiazdnsldngusluwnmdwnulng widwinnis@ne3soidausunamsinesans i
Wiguiguuseaniamvesivinazaiesng 9 Iumsaﬁ’mmié]’ma%aﬁmwmﬂwﬁmﬁaEJ'NLﬁuiz‘uu
feiu mAfediuaduiinsfnuorsiueuyadassuarUiinuamsd Ay lunguneditusaniuvesasarn
veruanwgyus laeldiiviazanefiunndadu 3 wia iemdhazanefivnzauiigalunisadn
ansddguasihludgnisimumdndusnanayulnsngyiuslueuen

WBn1sauliun1sive
M3eldunsidedmeassiaadl (Experimental Research) fislsfinwignasinuenya

3

faszuarUSunaasnedilusasmvesansainainlungnius lnedvunounisaiuanude Uy

1. nswseuasanaayulng
Tdwgninusimegringudmsfineuentsuseuduansuyiu uneioadesis fmin
L9518 azfgn 20.029648, avsign 100.004843
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i

AT 1 GNBUEYBIRUNYIIUS (Pseuderatherum Platiferum)

anwaNINgnEAEans (Morphology) [5]

AUVDINY

R R RG]

L]
Lo
Ra

€

Do
2
=

Tu

n8n

Wa

13
LA

Anwoe

Pseuderanthemum palatiferum (Nees) Radlk. ex Lindau. #seungiuadhd
Pseuderanthemum latifolium (Vahl) B. Hansen.

Acanthaceae

I3 Y 1 < o v 5 - Y a a a A IS
Juldvnvunadn ddunimse geussana 1-3 wes Waenauiaiseudidey 91ad
[ [ =~ ell

anwuzlluzvdamagy

Duluides msBeesiuuu Bewmseiu (Opposite) idsuuazis Tulizusiauuugy
luvien (Lanceolate) 303U% (Elliptic) Uameluuvauses lauluaeu veuluseu i

YUINNAN 3 — 5 LWURLAT 8717 5 — 15 wuRins A lusuuulaidendusiuen du
ANUANILNENU BALDNILVUL1IVNG

panlureneniuuLenLILILuUtaLlsan (Spicitiform paniculate) a1ilane 30

a a dy = = =) aa = a 90} a a1 & =) o
wUAWAS NAULEE 5 NdU wWnduneniidvivuuy udiedunRtu @19 viieiiiausm
nAumenpuRnfudurasn Yateuenidu 5 wan

LﬁUNaLLﬁ\‘ILLWﬂ Taurauszane 2.5 [uilung

fi5Us193Ul (Ovoid) Raflseedugu vwnlszana 4 fadiuns

msanalaglamyinazateenIuea wWnuea waril men1sanawuukinawiag

(Discontinuous Extraction) lannulasannisveeimsng Edﬂﬂé”]ﬂ wagAy [6]

lungmusansliazoradudnliuiauarrulinduiugn 9 ududu 99.8 Wesidusien

198 9M51d1U 1 %9 10 w/v [giAuiiIsou 120 seusaundl Lunan 48 $2lu9 N99enTEn1enIad

wes 1 uazihansaianlassiveuiilaginiassemewialuuniu (Rotary evaporator) NIgungil 40 991
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walva nuudahwinaisain wazazanedeeuea nuliludiluieamall 4 ssrwaded wasiu

Wi

N13aAAAIEAIIALABLUNIUDA VIIN1TANAUALINUAUAITATALNIUDA NITTELUUUNS
T¥gaumad 40 ssenaidoa andutaiminasatauazazansdsumiuea iulilugifufigunad 4
BuATALTYA Uagiiuued

nsafadefhararein [difidiunsende vnsadauieduiuansataenuen
nsszmeuisligamgd 70 esmisadoa andudalmdnarsadauazazaiodaet iuliludidud
QNI 4 DI YATUALATNULAS

< o
2. msmaaquﬁﬁﬂua%a DPPH 4a3d138nanWe131U3

s

AnLUaINNIITYRY 40NT Yydu uwazane [7] naaeunnsaueyya DPPH vesansaiaeny
Uoa 1Agta1sanALeNIUaAMITLTUAN 9 (0.05-0.5 mg/ml) 1 Hadans LAy 0.2 Uadluars DPPH 2
fiadans (Test Sample) adlunasilyiidniu wWisuitsuiugaaueuiilifiansada (Blank Control) #audn
vaoavildldansain 1 fadans udufueniuea 2 dadans (s DPPH: Negative Control) ugaiield
Tuiiiln u gaumgfivies wu 30 writ thluinnsgandunasiianuenadu 516 wiluwns Tagldion
usaLdy blank ¥rAriiialdnduamiesidudnsdnduouya DPPH (unsdlvesansarinumusauas

asanaun ildshazanaifin (Respective solvents) fig luyuea Lagll AUaRU)

NGNS
% Inhibition = [(Ag — (A1 = Asample))/Agl x 100
Ao = AIMIRANAULAIYBAENILBALAYE DPPH (Blank Control)
Ay = AIMIYANAULEIYRIETAALaY DPPH (Test Sample)
Aample = AMMIQANAULEIVEIANTANRENIUES (Ll DPPH: Negative Control)

INTUAIIUNIAT 1Cso (ANANUTNTUVDIAN TR aNTaAnTUaUYS DPPH 1 50 %
NNTINTERIN % Inhibition AUANUTINTUYBIENTANA)

3. mamnAsanuansUsznaunadnuea (Polyphenol) Tuansanangynaus

fauvasmsluliend mnmes (8] lnsmsaiiesnsninsgiunsaunadaiimiududu 0.06
0.05 0.04 0.03 0.02 wag 0.1 mg/ml LaLLAIBNAITAIDYNANUTNTY 1.0 mg/ml Tuteniuea AT
musSuruAuednsInvilagia1sa0819 Usuas 1.0 mlut@y 10 % Folin - Ciocalteu Reagent
Us1as 0.2 ml wanlidniu uwazanefield 8 undl andudu 15 % leieuniveiun Usinns 2 ml wey

Aad JoududvA uasussna 2auddssA 127



WLLL Free radical scavenging of ...

Widhiu wagnsiigamgivienduiat 90 unil (@aaiuAmwSeulaen1SALENILEARILAIHI0E19) 1

Y

a158za89 ke lUInAINIIANNAULEINANNENIAAY 765 nm Y91 3 YANISNARDY kasAuUSUuAue

Y q
dnvivesansain  lumihefiadnSuauyavensaunadasetininaisaia 1 n¥u (mg GAE/g ansanin)
lag3guiisuannNsNuInsgIuNIALNaGA

NAN1528LazaAUSI8NaN15IFY

HANSNARBUVEAIUBYLA DPPH wazmetUsunaansusenaunedtiuealuasaiang1ius uand
AIPNTIN 1

M3 1: gisAILEULA DPPH (ICso) UazUsanauasuseneuneduealumsanang1inus

" ICso YSunaunaanuaasau
AN5ANANIITUS .
” (mg/ml) (mg GAE/g a@158nm)
LINUDS 0.15+0.01 20.50+0.50
ih 0.18+0.01 17.40+0.35
LONIUDA 0.20+0.01 15.20+0.40

'3

HANTITENUINETATANYIIUTIINNATITIAEAelgnEAueYYadasy DPPH lagasainniey
1 uaa (ICs = 0.15+0.01 me/ml) qnidusuyadaszaafian sesamnoasatadiouy (Cs =
0.18+0.01 mg/ml) wazlenuea (ICs = 0.20£0.01 meg/ml) MudFU Fedonndeaiuiuideves Olah,
S. 0. A, et al. [9] wuinansUszneu fluednlufiviiunumdrdysenvssueyyadass Tnsamsardnsed
yraranefifiiage wu wvueauazun Snagligni dueuyadaseiandi esainarunsaadn
asUsznouiiuednuazansiueyyadasedu 9 I¢eensfluszansnm Wevhansataudazyiinm
WATIMUTINUATNEATWeATIN Wuiasaiamey  wnuealuIunameaiueagean (20.50+0.50
mg GAE/g @15ann) SetaeNIA0d1sETAR 28U (17.60+0.35 mg GAE/g @1981A) Lazlan1uoa
(15.20£0.40 mg GAE/g @15afin) muaau auwiulainimnuaenndasiuanuidevss Hussain, M. G., et
al. [10] W@nwiievieaduvansvialudulafifouagnuanuduiusiBaanidanuseninuiinaiiuea
uLazgnsFueyyadasy uaiilovadeumdulsyansanduius (Pearson Correlation, 1) g SPSS
IEAnduUsEansanduius (r) sewinee ICs, wasUSunameaiueasiy wirfu -0.999 %ﬂaﬁuaw’jﬂms
affafifien ICsp M wansansadndudiauannsolunsiuoyyadasegs ogndls Anud 1Cs 199873

128 Kitti Puunpanwong and Banthot Chomsawan



AsNadaugNsG1udUYadas:uaLaISAAaWEY1IUS. .. W[.m.

anmnsazinilalnafga e ilou1aNNanN N IVeIRYNara1en ltanalukanaanuununin i le

USunaansaiaiiindifesiu wan1smaassdyliiiuitaisuszneunediiueafifignsdueuyadaseluly
weyrusalngduansididags (High polarity) Faumnuea (Methanol) fiaududaganiteniuea
(Ethanol) tantee Fee1vadnaisnguiloanulafnii luragfiun (Water) wifidaganign uifienaardn
a15usenaudus wu A1slulawmsanielusiu eenunidedusie nie019lasunanIENUAINgUUYINIT
- o o § v o W ] o = o v o v S a °
sEmedige (70°C) inlvansadyuisdinaaiei wazlunsdinsvissiveunsansanameuingamgil 70°C
AU NEIMAZRIAA AR DN TAANEAIVEIATUTENoUNRATuEaUTTlnTlIReAuSow (Thermolabile
compounds) Fee1avilvnavesansainiisiininauduasae

d3UNan1339Y

s

NnMsAnwIkaznnasaaiiiiionnansinueyyadaszuazUsinuasneaiusasiuuema
13 (Pseuderatherum Platiferum) lnglddavhazans 3 win anunsoagunansideldwsd

1) ansatavenuanlungusiiatndeionuea, wmiues wasi Sgvdlumsdueyyadass
DPPH Tnsansardaseimiusauansuszansamlunisiueyyadaseqean nedld ICs Andign uazdl
USinamedtiueasiugsiian

2) fiedudseAnsavduius (Pearson Correlation, 1) #ag SPSS ldanduyszas anduus ()
S9N 1Csp wazUTunaumedfiuoasan Wiy 0.999 Mduussavsavduiusiilausuin Bsusuame
Aflueasngsduniilug @ ICs, awdahacvindy Semneemnuhansatadullguidueyyedaszgaiuniy
e Fdlifuhamsmeditueaifumsddiisuinsourogrsmueyyadasslufivuliod

3) nanideiBusuhaulnangusiidnonwlunsduidsmesansiuoyyadaseau
55507 Jsanansathlusesemiitewmudundniasiauemsviendndusiiiogunmssluluounan
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Us28N5n18 Serratia nematodiphila 5d23 waz Bacillus siamensis Ks5 Tun1s
& . . a ad v
AUANLYE Bipolaris oryzae MUuamalsalugaduinialudn

Efficiency of Serratia nematodiphila Sd23 and Bacillus siamensis Ks5 to
biological control of Bipolaris oryzae caused brown spot disease in rice

A3 gved!, v Tana'

TUsunsIidnTTIne AngIneImaniuazmalulad I Inedesvanmunanes

Phawinee Phoothong!, Suwichaya Buachard®”

'Biology Program, Faculty of Science and Technology, Kamphaeng Phet Rajabhat University

UNANED

Wos1 Bipolaris oryzae anvmlsalugadimialudn iulsaedandsiivinlinandndnanas
am?ﬁ’ﬂﬁyﬁi’mqﬂszaqﬁﬁamaawszﬁw%mwmmL%ya Serratia nematodiphila Sd23 wag Bacillus
siamensis Ks5 Iumiﬂ’m@mgga B. oryzae UseANSNNUDIANTAAANENU B. siamensis Ks5 @9 B. oryzae
DOAC 2464 wag B. oryzae TBRC 10586 lasunisnagaulaeldinaila pour plate technique 91nNanN1s
VAABINUINAITANA NeIU B. siamensis Ks5 A1uAulsals 30.0% wag 32.1% f1ua1au diuansann
WU 8 S. nematodiphila 5d23 ldaunsadudade B oryzae 18 Uszansanvesnedastog
S. nematodiphila Sd23 wag B. siamensis Ks5 e B. oryzae wsunsvadeulaglinaia dual culture
bioassay HeIsTauIAIUALLIALY 8.8-14.8% uay 40.4-32.8% MINAIAU

o o w

ANEIREY : Serratia nematodiphila, Bacillus siamensis, Bipolaris oryzae, TsAvauluwmslugn
Abstract

Bipolaris oryzae, causing brown spot disease in rice, is a disease that reduces rice
productivity. This research project aimed to test the efficacy of Serratia nematodiphila Sd23 and
Bacillus siamensis Ks5 for biological control of B. oryzae. The efficacy of the crude extract of
B. siamensis Ks5 against B. oryzae DOAC 2464 and B. oryzae TBRC 10586 were tested using pour
plate technique. The experimental results showed that the crude extract of B. siamensis Ks5
controlled the disease, with 30.0% and 32.1%), respectively. However, the crude extract of
S. nematodiphila Sd23 could not inhibit B. oryzae. The efficacy of the dry formulation of

*Corresponding author : suwichaya.gift@gmail.com
Received : 01/02/2025 Revised : 17/06/2025 Accepted : 24/06/2025
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S. nematodiphila Sd23 and B. siamensis Ks5 against B. oryzae were tested using dual culture

bioassay; the dry formulation controlled the disease, with 8.8-14.8% and 40.4-32.8%, respectively.

Keywords : Serratia nematodiphila, Bacillus siamensis, Bipolaris oryzae, Brown spot disease

[

NukazAud1AY

v

417 (Oryza sativa) \Jufiwdifianuddguedive luwiasussinalnendauazdsoand iy
Fruaunn lud we. 2567 Useinalnednisdeeendriyasnvindu 6,433.86 auwisegansy Andudu
nig 225,655.57 d1uvw [1] wilunsudadaifudsvauiagmiieadulsalutmuasdagiio Taslsaludm
ddyfinutsesn 1dun Tsnvauluwsis lsalugadtnna Taalud Tsaniuluuis Tsmwdams waelsadaluss
waa 1Hudu lsalugedinadiinainidon Bipolaris oryzae \Hulsafifidnuwaziams wazadiany
doyesotnunniigalsanilsvedlan 1lesnniinisnszaeiuginmaisaeiug einisianzvosgad
ihmavuluuaziuen fe seslsafithmaunssoundeliyaaudnansdimdeusoudevouithmaituded
hmauns ntuiivevfindesanla gafunnadsuuwarauniiunndnsiuuudiusing q vasits Tueg
fuanmwandey dwalvinaninanas \osasunsnszaenndunisludsdnfundslnsavesiiflanszane
Tuenia [2] n1savAulsavesnuninsdulug Ao nsldarsiad esnaisidoangniia
fiuszanamgs Wiunataiau azaanlunisie wininadeniun inszdedldidulsediavdamariili
Horoen inansUuileuansadlundananisinumsuardindon uagnsznudennsgiunsasoon (3]
Frfupudonininuasnssuidefuaiuduinlifeddisnssuumunslidanafifienuaulsadiy
nsmuAunsEanmIaduniadenununisldansiad TnendeuuailiSe Bacillus sp., Streptomyces sp.,
Pseudomonas sp. wa Serratia sp. gnihuldues Tumsauaumsdanin Wiiededudoainglsadiy
#1499 wuafiemardazdudinniviavesdenelsadmnalndig q wu nsadieeufToug mudedu
sevinsansermskasiudl (Wudu (4] 9uideddeld@nvidszansnmuuadiseuidny Serratia
nematodiphila Sd23 way Bacillus siamensis Ks5 #an138ud 1.4 oannnlsalugaduiaialudin
B. oryzae Wioluwwimslumsiwaunduiisasiseluluouan

BNTANLUNITINY
1. \WegdAuIsnldlun1maaas
1.1 Wouupms euUndanewus Bacillus siamensis Ks5 wae Serratia nematodiphila Sd23 310

el UAmamalulad T Augdnenmans wazmalulad InIng1aesIva )imunenes 1 eeuue1ms
nutrient agar (NA) a1ntudilliusnyfigumgll 4 esrwaded

s

1.2 Wosawmalsalugaduinalut1 taun Bipolaris oryzae DOAC 2464 anngugensnuiug

3

WYNTIUNNI wag Bipolaris oryzae TBRC 10586 3naud¥1ianUseimnalng (Thailand bioresource
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Uszansmwitio Serratia nematodiphila Sd23 W[.m

research center) LA8IUNIMNS potato dextrose agar (PDA) anuuiliiusnufgumgll 4 oeen

CRIGHG!
2. UszanSnmvesvauuaiiseufindlunsaivauiseanmvalsalugaduinialudig

wisuTenuniiae B. siamensis Ks5 uaz S. nematodipila Sd23 Taeidesuuems NA Unidei
guvindl 28 ssmiaidua um 2 Yu wazlAsalies B oryzae DOAC 2464 ua B. oryzae TBRC 10586
UuaWN PDA Usiafigangd 28 osrniwaiia u 7 Su

nagouUsyaAnsnmvendeuuaiiieuiindmumaia dual culture Tneldviradeodounsido
Uftindudniundadudunssuneg PDA Tnevsanueuanuisade 2 wuins waglddianzan
ApSN (cork borer) BunmduruAUSNa1 0.5 lwufiuns lwrfuuinaasdulevesdonaimlsaly
dthma dlunsuuemns PDA TnenwmssduiuideuueiiBsufilnddtalitasuietu 4 lwufiuns
WisuiisuiugaaauAu (control) AnNuan1zduidiosn B oryzae DOAC 2464 uay B. oryzae TBRC
10586 Vuideli7igaungfl 28 ssmiwaifea unan 7 Yu Suiinualastavunevesiadifesanuglnly
waneua wagianinaaoulutudl 7 fu LLéjﬁﬁ’]‘ﬁayjaﬁiﬁm’]ﬁﬂu’Jmﬁ’]ﬁﬂLﬂ@%L“ﬁuﬁﬂﬁigugﬂﬂﬂiLﬂ%@
(percent inhibition of radial growth; PIRG) mmqmmiﬂ"wmm TNUNUNITNAADILUY completely

randomized design (CRD) ¥nn1snaaesynay 3 %1 [5]

Wesdudmstiudinisiase (PIRG) [5] = (R1-R2/RIxL00
Too R1 = Saillalatlueadios B. oryzae DOAC 2464 uas B. oryzae TBRC 10586 Tuiwanaiuay
R2 = Seillaladlveadosn B. oryzae DOAC 2464 uay B. oryzae TBRC 10586 Tuidiinaaey
fuidouuaiaufintusazinan

3. Uszansmnvasedaine uazansafaaunuaiiifeufindlunisaruaueanvnlsaluyn

1%

s ° 14
Aurnaludin

ihdeuunieuitng 8. siamensis Ks5 uay S. nematodiphila Sd23 sandeslueis nutrient
glucose broth (NGB) U3utw 120 dadans Ums‘?}uaLLuuwshmuQuqmmqﬁﬁ 28-30 aarwaLded 180
seudewnit Wunan 96 Halas Yideuvediseuftnduanazneuseedestuniesd 5000 seurouni
Juan 10 il dswadieladeunaslsd (NaCl) Anududu 0.85% (w/iv) aawaduuaiiseufjing 20

fiaddns wanduwladndn 43.5 ndu ihdusdn 1.5 88803 wazglasa 5 nfu dhdunauaneulugauay
Soud 45 ssmwaidea \Juan 12 Falus Mntuiludulilunuiarldga@udeniulugnmgivies

3.1 UszdvSnmvesrsdndaavesuaiiseujindlunmsauaueamglsalugaduinaludi

3¢l NV ua: Huvay1 VKA 133



W[.m Efficiency of Serratia nematodiphila SA23 ...

TIRIDY1RITUTUN 1 N3N WEuAU peptone water 0.1% (w/w) Usung 9 Jaddns wanlvitniu

warldnszaunsesirhunissdeudriuludninesifthesmadonstsusidowuaiiGeuiing uaslei
WggnAesnrLAEuRLAUSNaTs 0.5 lwuRmns Wriuuinuuasdulsveadenaivalsalugad
thaalutm 1suuemns PDA Funseirudunsgaunsesiiguimessadeuuafioufiing ssozsing
Wuenfuiimanaaesil 2 Wisuidleutfugpauay dudefionmnd 28 ssmwaiua Wuna 7 5u Tas
ynsmaaes yaae 3 91 Tuiinualaeavuinvesiafidenanvelsalunanaiuny uasiwaniiviing
MDY ANLITVRN Li et al. [6]

3.2 Usgavznmvesansadiaeuuaiiseujindlunsmivauieamalsaluaaduinialudng

hansafaidenuaii3sufdnuildmnmsdunissteuniseioumsdouuafiseuiing wnses
Tiaeniogauvidfefinsouuniide (bacteria filter) thansafaidouuafiFoumeasuiudonag
IiﬂlU‘\]ﬁﬁﬁ?@?ﬁiu%}W’JmﬂuL‘Vlﬂﬁﬂ pour plate technique Imammiaﬁ’mﬁuaaL%@Lwﬂﬁﬁwﬁﬂﬂﬁmauﬁu
91715 PDA 11113 pour plate 1eenmsudaialdfianzqnaosnvuiaidusiiuguénats 0.5 lwufiuns
Wiziuiinavasdulvesdemannalsalugndimaludn dlunsfnaianan wWisuifisutue
puauinsastudenawmlsalugadiimaludn vuidefigamgd 28 sseisaidea WWunan 7 Yu
Tnevhnanaaesgaay 3 91 Tufinaalae nauiavessadidoravglsalumanaiunuuasinandivionis
ey AuIsea Li et al. [7]

4. MsaTEidaya

AATIEteyan1eaia lneyaneds daudsauunnnsgiu Aduussansvesnnunlsusiu wag
Wisuiisuaadelaneds Duncan’s new multiple range test (DMRT) M1 58AUANMLT DU 95 % A28
TUsunsa IBM SPSS Statistics (SPSS) version 21

HAN1333Y
1. Uszdnsmwwaaauuaiiseujindlunisatuauesimnlsalugaduinialudg

mﬂmiﬂﬂL%@iﬁmmqiiﬂﬁ;ﬂﬁﬁ’lma louA B, oryzae DOAC 2464 Wag B. oryzae TBRC 10586
wwageuiudouuafidsutngnuin Werelsasis 2 aeiuganmisagnauguninasaivialae
B. siamensis Ks5 uag S. nematodiphila Sd23 (15197 1) LﬁaLﬂ%‘auﬂsxﬁw'ﬁmwmimuQmaqL?ga
wupilseufiine S. nematodiphila Sd23 wag B. siamensis Ks5 Wu31 B. siamensis Ks5 Tiusgangnm
mseuauldfnin S. nematodiphila Sd23 Winfu 2-4 Wi uansnseesiifeddsadAisziual
Jesiudesay 95
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o a a & a a a 6 & ~ % . .
A13197 1 UszdniamveudeuuaiiseuUndlunismunudeamalsalugadiuinia Bipolaris

oryzae DOAC 2464 wag Bipolaris oryzae TBRC 10586 1aan15l4 Serratia nematodiphila Sd23 uag

Bacillus siamensis Ks5

Feuitng doaumlsngadtema §n91n135uSs (%)
Serratia nematodiphila Sd23  Bipolaris oryzae DOAC 2464 10.4+0.46¢
Bipolaris oryzae TBRC 10586 7.2+0.35¢
Bacillus siamensis Ks5 Bipolaris oryzae DOAC 2464 28.8+1.00°
Bipolaris oryzae TBRC 10586 32.8+1.50°

wunewe : snusiiisuiululwinwemansmaassesiasyiaenalsauaniniuliwansisegidl

Y (%

HodAnsaianszaumeiusesay 95 M35 Duncan’s new multiple range test

o

b4

2. YszAnsnmvaswstanaiivauwuaiiseuiindlunisaiuaudaauunlsalugaduinialu

1nnsAnwIseAns imeesnad suuaiiieufinvlunisauaudeaivalsagaduinia
B. oryzae wuinkailauuadi3eufiing S. nematodiphila Sd23 lilanunsaniuauide 8. oryzae lfias
fe#1991n B. siamensis Ks5 fianansnmuaude B. oryzae I Taefivszavsamluniseuauideanvg
TsAqndum1a B oryzae TBRC 10586 uag B. oryzae DOAC 2464 winiy §osay 32.1 uaz 3.00

o w a

muaau lnglifimuusnansegnsditdedfgynsadinseauanuiiieduiosay 95 (m15199 2)

M19197 2 Ussdvinmuesiiiandewuaiiseujindlunisaivnuideaimelsalugaduinia
Bipolaris oryzae DOAC 2464 uay Bipolaris oryzae TBRC 10586 laun1sldustsiaeives Serratia

nematodiphila Sd23 wag Bacillus siamensis Ks5

nadfeufting Joauwlsngadtema Sns1n138uds (%)
Serratia nematodiphila Sd23  Bipolaris oryzae DOAC 2464 0+0°
Bipolaris oryzae TBRC 10586 0+0°
Bacillus siamensis Ks5 Bipolaris oryzae DOAC 2464 30.0+2.64°
Bipolaris oryzae TBRC 10586 32.1+1.70°
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UYLV : sl oun Ul ULLIAWBIHANITNAADBILAaINaLTDABlSALER AL L LANAN99E 19T

o

DEGRGE V]’]dammuﬁummL%auu’iaaau 95 835 Duncan’s new multiple range test

3. Uszavsnmvesansanaieuuaiiiseufundlunmseaivauieanmalsalugaduinialudig

NNsAnwIUTEANTANvetasaiaauuailissuUnvlunismiuauitenalsngnduinia
B. oryzae DOAC 2464 waz B. oryzae TBRC 10586 wuitansariaweunuailiseujing 8. siamensis Ks5

o o

A1UNT0AIUANYE B. oryzae WANTN S. nematodiphila Sd23 Wiy 2-4 Wi usnsegiitud Ay

aa

ANRNSTAUAINUIRLUSIAY 95 (M157199 3)

M139 3 UsgdnSnmueasansaiawenuaiiseuiinvlunisauaueamglsalugaduinia Bipolaris
oryzae DOAC 2464 laansly Serratia nematodiphila Sd23 wag Bacillus siamensis Ks5

nadaufiing Ls'ﬁyammaiimmﬁﬁﬂma §ns1n135uss (%)
Serratia nematodiphila Sd23  Bipolaris oryzae DOAC 2464 8.8+0.21°
Bipolaris oryzae TBRC 10586 14.8+0.56°
Bacillus siamensis Ks5 Bipolaris oryzae DOAC 2464 40.4+1.95°
Bipolaris oryzae TBRC 10586 32.8+3.33

NUTYLYAE : sl aunuluLLIAWBIHANITNAaDBILAarINaLTDABlsALER AL L LANAN99E 19T

v o w (9

UYFIA mﬂaammzmmmfﬁaumaaau 95 #2835 Duncan’s new multiple range test

2AU1INANTSIY

mnmsiTeuandliisiuinge 8. siamensis Ks5 wag S. nematodiphila Sd23 fiamuataluns
dudeufindlunsmuamdeanvelsalugadiiaaludniis 2 aeiug 18ud 8. oryzae DOAC 2464
uay B. oryzae TBRC 10586 Liasaniouuafide Bacillus sp. fnsnanansansmisnivatsvia oy
volatile organic compounds (VOCs), AHL-lactonase (aiiA), chitinase, bacillomycin hag surfactin
famnsamuaunmaasyiulnveadeqdunidnelsald (4] dxude S. nematodiphila fimsuanssainga
wad A prodigiosin Lﬂuaﬂsaaﬂqwéﬁwﬁmﬁmmm%gﬂL%yaﬁ wuailidy waslustadald uenanildsathe
msmmsﬂmaumquﬁwmL%aaauwisﬂlmaﬂ LU serrawettin, pocydin A, carbapenem althlomycm
uay bacteriocins [8] WoAnwuumislumswamnduddasilugiuvuns LLa‘“‘U'l wuiasdaSueiide
B. siamensis Ks5 anunsnaunsideanulsalugediinialudald wide S, nematodiphila Sd23
luanunsamuauld osndowuaiideufing S nematodiphila Sd23 egluana Serratia 29
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Enterobacteriaceae tUunuasagussviow wnsuau luasisaves [9] Faviliie S. nematodiphila

5d23 linusioanmiifou wiwds visannzarudusiild uandaanide 8. siamensis Kss Aifigusa
viou wnsuuan Sinsadreulnades [10] Suiliide B. siamensis Ks5 nuseanniiseu wiourudld
wsensiialedezdaesnuuuafise i ludeiidannyliidesune wazdwasliuuailisoaunse
wnsnszaeluiuiu 1 wazemaldsty Weannamnraualeszennaeduwaduuniiiednads
wils duansatnneuiildannsideade 8. siamensis Ks5 uaz S. nematodiphila Sd23 Wu11@11150
munudoamglsalugadiimalutnld fafumsndoufingis 2 ameiuglusswieiideduems
Wit Lsﬁaaﬂlé’ﬁwmiﬁ%fwmmaagﬁﬂa'aaaaﬂmuaﬂLszjaa‘aqzjamm?:mt,%a wansbilituinansainveny
yovs 2 aneiugansaimuluduisusisuuuuild

U499 wazanz [11] 91897013891 UATIEY B. siamensis RRK1-Rif qmiNQLﬂaﬂﬁﬂ naaunuld
11 1ieu annsnanauguusslsanivluuiavesdndafinandes Rhizoctonia solani 1#3esay
36.56-48.82 LLaxmmiaammmqmljﬂm‘liﬂL@Jé‘@ﬁmﬁLﬁmnm%aﬁ Curvularia lunata, B. oryzae u@y
Alternaria padwickii uuss\ésesay 17.02 - 37.02 warilsenuitaisasanervvends Bacillus sp.
(BRM32110) wag Serratia marcescens (BRM32113) mmmmuqmL%@daiiﬂimgﬂﬁifﬂma (Bipolaris
oryzae) waglsnlulng (Magnapothe oryzae) lutnilatsdovas 28 wag 92 mua1iu [12] asannrenu
1Midle S. nematodiphila GCSR38 anansnanAnuguussvedtsaveuluuidluimanide Xanthomonas
oryzae pv. oryzae l#%avay 28.89 [13] waziisenuinasatiaveruide B. siamensis aansadudanis
LR]‘%EQL@UIWU@QL%%W Fusarium sp., Ganoderma sp., Wag Chaetomium globosum InaCC F228 la3ey
Ay 93.96, 100 way 76.64 s ud1aU [14]

#3UNAN1539Y

MnnsAnUsEAnEamnsauaudeauglsalugadtinialuin B oryzae i 2 arewug
wurud auuadiFeUfUng S, nematodiphila Sd23 uaz B. siamensis Ks5 @11150A7UA N 937
B. oryzae ¢ TnenfouuaiiSouitin B. siamensis Ks5 fidnenmganszannsososenlidudafusils
faguuuuth uazguuuURe uiideuuafiFeufiing S nematodiphila Sd23 anusarimunfuTa sl
Wissguuuuivingy Snfsdaivszansamnisnugud eaivglselugaduinialudnsiniige

B. siamensis Ks5 2 — 4 11

LaNE1581984
[1] aunaue @so0nd13lne. (2560, 8 unsiax). gagaveand 12 (Export statistics).

http://www.thairiceexporters.or.th/
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F1U3U 50 AU Usenaunig 1anainsusutariesiu 1 au unnd 1 au dnusuia 2 Ay dgeegnianie

fafie 8 AU wazgyRgua 38 Au wnsasliefldlunisiiudeyafouuvaeuniuunsidiu 5 sedu (Likert
Scale) H1UNIATIIABUANUATUT UL BN (Content Validity) Ineiidedwigy 3 Au lar1aviday
dannaesseninetednuiuinguszasd (100) agsening 0.67-1.00 uazilAiAuLeduranIedile

v

(Cronbach’s Q) iy 0.89 %qaqsluizﬁuﬁmm N3RSyl TalATNTIUUILAZNITNAFBY t-
test wuUBasE NisutiudAynada o = 0.05

namsiTenui suuiiiaunduansavinuldasudunufieeniuuuasinunsinismagey
yndu sruutieanatlumstufindoyatiugiuain 15-20 uiit wdeifiss 2-3 i Amdumsanasies
Az 85 uaraANsEYMIEYBIENANIINToTAY 12 WiReserar 0 yaanIIMIWMSLazE M TiTinm
fiswelalade 4.31 (S.D. = 0.81) FFuvinsilanuiiswelaiade 4.34 (SD. = 0.65) waznan1sUsziiiu
amsmmsuesssuuInglfnuimuaiianade 4.36 (5. = 0.75) agluszduauiienelags na
NsNAABY t-test wuudaszuansdtliiianuuansegidvddgmisadifseninangugldam (p > 0.05)
spuuansaanntIdeuTesdeya ussAnsnmmahau aduayumadhdstegauuuidealng uas
iesuadunusiulaliunnddaualunisinmuaniuzvesigiegfidnneiafia maddsingunsnile
fothelfaunsatuiinuasinnudoyaldnniinniaa suideduandifuinnisiaunssvuasauma
iionsquagigeorgluseiuyuvuiinudululfuasiivszansam lasamznsysannamalulad LINE
APl AlFuduiny ssuuiiaunsaveronalusaurudu wasdunalnddyluninsfeunundouvos
Ussimalnegdenugeivognsauysal

ANENATY : SYUUATAUNA, NIIPHAKENDIE, N1SARAREINTIE NS, N1sguaguamguwy, dpuasislne
Abstract

Thailand is transitioning toward becoming a complete aging society, signaling an urgent
need for efficient information technology systems to support elderly care. With an elderly
population aged 60 years and over totaling 14.03 million people, accounting for more than 20%
of the total population, this demographic shift has continuously increased the dependency ratio.
Rahan Subdistrict Municipality faces challenges in managing elderly care data due to a paper-
based system, resulting in delays in data recording, document loss, and untimely communication.
This research aimed to (1) develop an information system for elderly and dependent care at
Rahan Subdistrict Municipality, and (2) evaluate user satisfaction with the developed system. The
system was developed using the Waterfall Model, with Vue.js for the user interface, Express. js as
the backend framework, and MySQL for database management. The responsive web design
supports four user types: system administrators ( local volunteer caregivers), physicians,

professional caregivers, and dependent elderly individuals. Core modules include user account

142 Surin Petchthai et al.



ASWQUUNS:UUASAULNAWDMSQUARAYDEULAzUAAARTAIZWOWY. . W[.m

management, home visit data management, individual care plan management, Activities of Daily

Living (ADL) assessment, PDF report generation, and real-time notifications via the LINE Messaging
API. The study employed purposive sampling to select 50 participants: 1 local volunteer caregiver,
1 physician, 2 professional caregivers, 8 dependent elderly individuals, and 38 family caregivers. A
5-point Likert-scale questionnaire was used to assess user satisfaction. Content validity was verified
by three experts, yielding Index of Item-Objective Congruence (10C) values between 0.67-1.00,
while instrument reliability was confirmed with Cronbach’s Ol = 0.89. Data were analyzed using
descriptive statistics and an independent t-test at a significance level of Ol = 0.05.

Results indicated that the developed information system functioned fully as designed and
passed all testing criteria. The system reduced the time required for basic data entry from 15-20
minutes to 2-3 minutes (an 85% reduction) and eliminated document loss (from 12% to 0%).
Medical personnel and staff reported an average satisfaction score of 4.31 (S.D. = 0.81), service
recipients 4.34 (S.D. = 0.65), and the overall functional evaluation yielded 4.36 (S.D. = 0.75),
indicating a high satisfaction level. The independent t-test revealed no statistically significant
difference between user groups (p > 0.05). The system effectively reduced data redundancy,
enhanced operational efficiency, facilitated real-time data access, and increased family caregivers’
confidence in monitoring elderly care. Mobile access further enabled real-time recording and
tracking from any location. Therefore, the proposed system demonstrates that community- level
elderly care information systems are both feasible and effective— particularly through the
integration of the LINE API, a platform familiar to Thai users. This system can be extended to other
local communities and serves as a valuable foundation for Thailand’ s readiness toward a
complete aging society.
Keywords : Information System, Elderly Care, Dependent Care, Community Health Care, Thailand
Aging Society
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NN 1 UAAINITEDNHUURNUA AT SEnInag lgeuiuseuy (Use Case Diagram)
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NN 3 UARITIBNURHUN TR NIZUARRATLANINFUNTNLAYAIINADINTVDIKEIR 8 Tl
Amzilsiaudazay lnguanidoyaiuguvegieguaziineiieis Yo-uuana vesenaadasusuig
Vioshunigua vanevlnsdnianse dinntieau 18asRuAYemIIANITALA NANTIUNWA LIaTgua

LLazﬁi’wmummﬁmaﬁu/é’ﬂmﬁﬁﬁaqg}LLa

ADL (Activities of Daily Living) Lﬂum%“'aﬂﬁammgwﬁmi”w33Lﬁummmmsﬂumim"%ﬁu
AvinsuszdnTuvesgeeny Jefmunlag Barthel Tl 1965 uarldfunmsusuussimnzaufuuiunves
Uszwalne [8] dwdunisUszidiuauainisalunisviiiatesussariudy dauiuiassusediu
aruanansatumsvhiinsUsedrTuresgeeigfiianeiviauaryaraduiiiinnefsimnadadlon
anuAmtilunsquasnut Tneiden Jo-utuana veufgeeny Jufiliuinig wazsinisuseiiiu
ALENNNTONTRTUSEINTY Useiliu 10 Aanssunan laun n133uUsenIuenms (Feeding) NMSa19nTN
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A13ATUANNISEI9II5Y (Bladder control) msldiesin (Toilet use) n1siadaude (Transfer) naifiu
(Mobility) A3t uasula (Stairs) nsudanaded ADL wuady 4 sedu 0-4 Axuuy (nediannlag
auysal) 5-11 Azuuy (mazﬁqmgmm) 12-19 Azuun (Mmzflenuiunans) uay 20 azuuy (aifinng
fawn) [12]

wosudoyamsus:iiu ADL

s:uudoyadguorgRimo:Wowy ¢
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O rdutitduondy Wiiusua: 1 adv) 2 ndulduuna

O ndutéduuns
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ALY 5

unusuia g mas na
- A lod 12-20 Aty : Wdumsiowy

A9 4: dnusunadssiiuanuainnsalunisinnainsusyariu ADL (Activities of Daily Living)

=KX A

NAINA 4 Lanensuseiiuanuausatun1svifainsusedntuvesgeny iln s iaiaes
A A~ & A o 1 [ a [ [ 1 al' [y
yanauNLn1Isians Inemauiafiuasemu wuaseaunsuseiiuly 4 seaunugiensiuunuiuue

MULIMSZIU Barthel Index lolA 0-4 Azuy aeianilagauysal 5-8 AxlUL NMIEAINITULSY 9-11
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INAMT 8 UAAITFUUNITHIUFDUNIU LINE APl iladin1sdufinnisquargeangiasy nilnng
fafle szUvITRIBfeumgfveiatens lnelisneazideansudadowlu ulbey nand1-andu
S1UazldYnRIF YT 01n1sTNY Aanssuilaviluiuiy Tutleesweld wSeuvesinsdnviiield
fAnse

2. wadszilunnuilenelavesdldnusemsimunssuvansaumeiienisguagigieguaz yanadi
finngiais dufunmsussidunradfianelaangldan 2 ngumdn Téun nquyaainsmanisuwnduas
Wwihil S 4 au wegnaudSuuinisdasenguaranAtaua S1uau 46 Au TauTAY 50 A inTesdiod
THlumsusziiudsgnoumenuuasunuiinseuagunisuseidu 4 dundn leud 1) funisiaunim
i (Functional Test) Ussiiiulaegldaunnngy (n=50) 2) muarudiesansidau (Usability Test)
Uszilluuenmunguyaang (n=4) uazhsuuinis (n=46) 3) Auanuvaendie (Security Test) Useiily
WINAUNGY UAAINT (n=4) LagH3UUINTT (n=46) uaz 4) suusleviuazainuianela (Benefit and
Satisfaction Test) Uszifiutamzngui3uuinis (n=46) lnsnguynannsynamsunnduaziimiidiussidiu
3 f1u (Fudl 1, 2, 3) daunguifuuinisUsaduasuia 4 dw delfaseunquitoiuasANFeINT
UBNAGREIICEERGH

2.1 aguran1sussdiuanuianalaveinguyaaInsnan sunnduaza g

M50 1 agunansUsEiiuauiane laveInguyaaINsn N ISWNNELastinniig (n=4)

TensUsTIEiu ALY (%) équLﬁmwummgfm 32AUAY
(5.D.) Nanala
NM9IUANHsATU (Functional Test) 4.38 0.75 17N
ABRDNITITIU (Usability Test) 4.25 0.83 1N
AUUaANe (Security Test) 4.31 0.85 170
AT 4.31 0.81 1N

nauypansiauianelalagsieglusedvann (X = 4.31, SD. = 0.81) lnsiAnuiianalagegn
sunsyiaumuileddu (% = 4.38, S.0. = 0.75) Fauandliifuinszuuasnsanevaueion Lo
lunsuiaanulad anufisnelasunnulasndveglusedud (X = 4.31, S.D. = 0.85) dxvioutianiny
flalunssnwinadasadsvosteyaitis dudsauuinasgudineutnags (0.81-0.85) o1aiinain
yunfegeidnuarauvainvangluUszaunsaimsvnanusesyaaing
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femnugndesuazmnuidefiovesteya sesasudunsudadiousiiu LINE viawldfuazsiunan 3
awitenelasglusediuann (X = 4.48, S.D. = 0.68) avvioulsyaviamusinmsdeansuvuealny uas
anunsaindisdoyanisqualddiauazsing fanufianelasgluszauuin (X = 4.44, S.D. = 0.72) any

asuns wuslng uazngus
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2.3 wan1susziiunnuianalaniuanudedonsldnunguueaing

M50 3 wan1sUspiuauienalanuaLdeiensldunguuaaIng (n=4)

s18n15UsEIaiU Aade (%) d'aulﬁmwummgﬂu SZAUAINY

(5.D.) Nanala

dusiayszanugldnu ) THnude 4.50 0.58 1niign
nsseuinsldanussuurilaneg 4.25 0.87 Tl
JEUUNBUANBIAINADINTI TR LU 4.25 0.87 11N
YOANULAAITBRANAIATALIY 4.25 0.87 170
AsldauuuiinnoazaIn 4.00 1.15 11N
2N 4.25 0.87 Ean

nauuAansaulngiinnuianelalaesivegluseauuin (X = 4.25, S.D. = 0.87) lngdaruiia
welageansuniseanuuy Ul eglusedusndign (X = 4.50, S.D. = 0.58) uanafaniseenuuuiidladne
wagldauazain sgralsfnunisldnuuuiiefodazuuusigaiinnudfiasneloogluseduuin (X = 4.00,
SD. = 1.15) Alhdufsanusudulunsusuuss Mobile User Experience Tiau iesesiunisviney
yosypaNIfiFeAdouTisEninnBeutiy

2.4 namsUszdiunnuiisnelasmuanulasadenguunaing

M15199 4 wan1sUsEdiuauiianalanuauUasndunguyaang (n=4)

F8n15U I Anade (X  daudsauuinesgn sefuany
(S.D.) Wanwala
ns$nwanulaendevestoyadtae 4.75 0.50 1nAign
srUUMSINgsruuiinuUaensie 4.25 0.87 1N
mMsruAuAEnsinfedeyaminzan 4.25 0.87 Tl
nsdnsestoyasnludi 4.00 1.15 ly
NI 4.31 0.85 1N

nauyeansaiulnganuianelalaesiuegluseauuin (X = 4.31, S.0. = 0.85) lngdaudia
welageansunisinuanulasadevesdoyagine eglusefuinniian (X = 4.75, SD. = 0.50) uansda
mnusiilagavesymansluszuuinuanudu drunisdsesteyasnlusifldnzuuusiian fanufimels
ogluszdunIn (X = 4.00,S.0. = 1.15) e1aiina1nmisiyaainsuisdiuliniiuiisasidenves
nsvuIunsdsestoya demsiinsdemslidaunntu
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2.5 asUransuseiliuanuiianelavesngudsuuinig

M5 5: wan1sUszlluauianelavengulsuusnig (n=46)

Ten1TUTEIEIUY Aade (%) dautﬁmmummgm FEAUAIY
(s.D.) Nanala
AMIBADNITIEU (Usability Test) 4.22 0.71 1N
AuUanNe (Security Test) 4.28 0.64 170
Uselovdiazanuieanela (Benefit and 4.41 0.59 110

Satisfaction Test)

AINTIU 4.34 0.65 ain

nausuuInisdanuiianelalagsiveyluseauuin (X = 4.31, S.D. = 0.85) lagdauinela
geanauUsrlovduazanuianela eglusziuuin (X = 4.41, S.D. = 0.59) FearnauINTEUUAINITE
novauesnNfsINkavassUsglerindaauliiudlduinig lnefinuaenndesvesnrufnuiuly
NANRSUUINNS

2.6 HamsUsziuanuianelasuusslevduazanuianalangugSuusnis

M50 6: wan1sUsEuANianelanuusElevdlazauianaly (NGUESUUINIS n=46)

518n15U T Anade (X)  dudsauuinnsgs szfiuadiu

(S.D.) wanwala

NsuIBAoURY LINE Tinsiudeyariui 4.59 0.54 1niign
NSAARNANIUENITANANEIR Y 4.48 0.55 1N
ausiulalumsguavesiiu 4.43 0.59 ey
SEUUTILANANATIAVDIY AR 4.41 0.62 1N
maifefeyanisguadieuazarainiy 4.37 0.61 ly
Hoyatilssuiinnugniesuazasudou 4.33 0.64 ply
Anuitanelalpgiuseseuy 4.30 0.67 Tl
ANTW 4.41 0.60 1N

naugsuuIMsiiauisnalalaesiuegluseduunn (X = 4.41, S.0.=0.60) lngdnnuiianelagegn
AIUNITWI WA DUNIY LINE ﬁmmﬁqwa%aqiuszﬁumﬂﬁqm (X = 4.59, 5.D.=0.58) T suanslifiiu
Audndty vesmsdeansuuuBualnaifivelvigdgauaidndensoriunsruiunisgua sesasnimiuiia
wolan1sfnauaniugn1sgua (X = 4.48, 5.0.=0.55) LLazmmﬁuTﬂuﬁu@jLLa (X = 4.59, S.D.=0.54)
AudwU uanstansasuaennulindaseninadiuuinisuasyliuinng
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2.7 MaUSeuiiguanuianalasenintanguuAa N SuAENAULTUUINIS

AT 7 MSUTEumBuANNianelaTEnInguyAfINSuAENANRTUUINTS

AUNTUTEIU nANYAAINT (N=4) | NAUATUUINTST (n=46)| tvalue p-value

ANuanelamnaszuulngsIu 431 + 0.81 4.34 + 0.65 -0.095 0.924

[y a

HaN1sVAEDU Independent t-test wansliuInlifinuunnasegsidedrfynisadfsyning

o

anufianelalagsiuvenguynainsuaznguy $uuinis (p > 0.05) dauandiiiulnszuvainnsg
mavUaUBIAURRINITVRIITUNNNgulABg I NTieNiy uwiinguyaainTiasngudsuUTNIEiiagg
Foensuagyuneansldauiiuandsiu lasyaainsiutdulssdnsamnsiheusazanudasnde
TurniefigSuuinsiuauasmnuasdslonifldsy wirsaosngudamufiovelasoszuuluseduil
waniafuegeiifddny iesnnguyaainsiivunmdn (n=4) Msulanavsadiidenasiansansiuiu
Yoyadaquan naiilfuandiifuisnnuanunsavesszuulunisadisauianelaliiugd 1oy
vannmanenay dadunseensuressrutlunislinueds

nsUIsTUUETAUmALNan1IALaR e LAz yARadn Nz iaisdmTumAuIasuasE NIy

FdSamuiagUsvasdiidmualy ssuuitimundunsounquitsdiunisinnundn negldaunnaumdig
uU srvvannsadnnisdeyarlday danmsdeyanisieutiu danisteyanisquasieyana (Care
Plan) 3AN15U04aN15UsLEu ADL waznIsWINABUNIY Line APl 5095UK 199U 4 Uszian laegiadl
UsgdnSan aennaeeiun1sAn®Ives Johnson et al. [13] WUIINITWAINITEUUAITAUNANITA U
gun i sonuuunanzdmIvuIunvesyuvuiusEAns smannniinsihszuud s aguandiuld
wonniinslineluladiiviuadowasduiifon wu Vuejs uas Express.js Taelinsimuniuluogas
UTuLasivsEAvEam Mssenuuuimilsisanudeinisianzresyuruaznsldinalulad LINE AP
fidunsiugldnulng dwalildiayeaniuasdaenginnisseuiuwazansaldszuuldogslail
guassn Lﬂaqmﬂiﬁé]’amnﬂwamﬁaL§8u§LLaUW§Lﬂ%’u1wnj wagn1511 LINE Messaging APl unleanusin
Tsvuuannsanevauainufesnisvesdldamlds nisAnuniaonadestunuifores Chalong et al.
[14] Afnwinsle LINE wlefmunszuvdeansdmiudgeeny Tnenuinnsldunanesufiduinetisan
Forinasiaviauaziiunstanlddudelsduegneg
dmSusTuuiinmuntull 3 Ussmsddy Weun 1) mswaunssuuUssdiu ADL wuuRataiusuly
wangAuvIunasiu lnoulsrsnzuunazdenduielianunsnnsuwunisgualdududiunniy 2)
15YSIUINNT LINE API idnAuszuunisguaguam dadumaiimaluladfduiasanyszgndldluuiun
sl uaz 3) Mmeaundane3iumsilesssiunliunsadsuuawesdn ADL fiannsaTeuiiisuna
msUszliuseninndsldsudd ldnussuuusiasnduiimudioiniswaganunanisfuandieiu s
a¥frsanudilanaznnsdanisanumanidiaenndostuanuaiunsavesszuu naannnsidodling
AULANANBE TN ARy 5EnI19AUTanelaeINaUYARINTHAZKESUUINIS (p > 0.05) wansliiiui

156 Surin Petchthai et al.



ASWQUUNS:UUASAULNAWDMSQUARAYDEULAzUAAARTAIZWOWY. . WLEN

msaduaudilasagmsianisanumanfiszavanudnda nansussiiunnufionelavesdldas
avsnquagluseAud (Aade 4.31-4.30) Fedeindunadnsiumelanasuansliifiuinszuvaunse
novaussamesnisvesldnulfesnediusyansam egrlsinmunsideiidediiniinrsfiansan WWud
1) gunenguiiegnsynansiifidaution (n=0) ufsidulssrnsimualuiiud udenadsmaeniy
Undefievesmsiinseinieadn 2) ssuudilisessunisrhauwuusenlad Sserafutlgmluiuid

(%

audumesidaliiades wag 3) n1sussiiunansenuseezevesszuudaluaiuisasnidunisia

[ Ag>)

'
=

WenTedininuaIveInsiy

MnnamsUsziiunnuianele wulssiuiidesuiuusslunmstaundely 2 Ussifundn Ao 1)
nslfauuiiefio (Mobile User Experience) Ssdfasnisnawaundianda Tasnguyaainsiiezuuudud
tiowiign (Aiade 4.00, S.D. = 1.15) Fsenainannsoeniuuiidilimngauiuntiaovunndn wag 2)
n3dnsesdayadnlusl@ (Automatic Data Backup) filsiAzuunAade 4.00 (S.D. = 1.15) 8191in91nN1s
fiyaanslinsuseazideavesnszuiunisdisesteya dsmsinsuanianiuznisdisesdeyalvigldiiu
81919y uenINMsUUUTEumadiaud mstinsiineususiedeasnszuiumsmnulaenoves
foyalidpauduuiyaains

d3UNan1339Y

mswasTUUasaUmMALi s NI guadgIengiazyanaiiin R sRsdmiumautaduasEny
mams%’ammmﬁiﬂmmﬁ’mqﬂizmﬂ‘“lﬁﬁﬁﬁ

1) sansimuInITaLIsTUUAITaUmALT on1sauAgIIguazyAnaf a1 R el sdmIy
wiaTasiuaszv Idsuiumeiangenduasuuutian (Waterfall Model) Usznaudae 5 duseundn
fio MafinwdoyauazANLAeINIT MITATIILATIINLIUIZUY MINAUITZUL NIVAABULAY
Usziluna uae mmuavumsﬂm sosiugldou 4 Uszam loiud oranasinsuiunaTiesiu (auaszuy)
wnng Inuiuna wazgeenefiiinneiisia TnswiagUssiandavsnindndsdeyaiiunnrsiussumum
wiindl Tnsszuuiiiauduiiileidunmahauasudumuarudesmveslfou Ussnaude madig
szuu msdansdeyailday msdamsdeyaniseautu msdansdeyanisguasieyana (Care Plan)
nssansteyanisuszifiu ADL uagnisudaiieusnu Line APl szuuWausgmaluladfiviuarte
UsEnaunie Vue js dmsudiusiauseaully Express.js dmsussuunasdiu MySQL dwsugiudeya
wasn15M LINE Messaging APl dmsunisudafion svuufin15eenuuuwuy Responsive Web Design 7
annsaldaulduugunsainainvas 9aruvesszuuAsnuATUdILYelaiFunTiuiinse uagu
Fausnmstufindoyaluaufemsoensigau [15-18]

2) wansUsziiuAuienelavedszuuannguiied1d 50 au wandbiviudngldaudiaaui
wolvsaszuulusedud lnewui
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2.1) nauyAANINIIMTUSLazdmig Sawielaedeegluseduinn (X=4.31, SD.=
0.81) Ingilauiianalageanniunisviauauilendu (X=4.38, 5.0.=0.75) uazlagian1en1snsivasy
enunsdentueglussiuinniian (X=452, 5.0.=0.64)

2.2) nguiffuuinis fewieneladseglusziuann (X=4.31, 5.0.=0.85) lagdmudisnela
gegaauUselevduazanuiianaly agluseduuin (X=4.41, S.0.=0.59) uazlagianizn1suisioun1u
Msudaiieusiiu LINE fimnafiswelaoglussiuanniign (X=4.59, 5.0.=0.54)

nsvadeunaAfldnuaIuana e slited @y sEninsauianelavewisansngy
(p > 0.05) Fauandliiiiuinszuvannsanevaussanudeanisvesilisnunnnguldegrainieuiu
ogslsAmunguynainsiiunnidn (n=4) Fso1adsuaieranindeevesnsiUisuliiounnaaia

datuauuzdmiunisideluauinn

Mnuan1ifouasdosiaiiny ifeidoiausuurdmiunsidelusunandsd

1. AISANYINANTENUTLEZE1IVRINITITEUURBAMAMATNYDINFI818UATA1TENITIINNUVS
ynans lneAnnumastnaos 1 U ileuszidiunnudsduveanislinusyuy

2. fimwszuulisessumahaunuusenlal (Offine Mode) wazdsddeyaiilofinisideusie
Sumeiidn ousymluiuifiduy adumestnldaies

3. yenevoulmMsAnulUSunAuIavessdnsUnAsesduviBsiuduY ilenaaoummEaLNTD
TunsuFuldszuu (Scalability) wagas 19N IUTEUUNTRLAKENDE SR UYL YY

4. ysannswalulad Al way Machine Leaming titeWaunszuunisneinsalguainuesigeen
WAZSTUUKILAOUSARTYY

5. finmnsidenlesszuuiugudoyaauainsziunad 1wy szuu 43 uil ielriAnms
wanudsudeyaiifiusamsnm

6. aueundieduilofolanzdmiuszuuileasrdvsammsldnuuugunsalindeudiuas
sesfuTlaedifinidy 1wy nslY 6Ps TumstufindunianisBeutu

AnRNssuUsTAA

Azfioveveunnumauaiuaszy sunedandad famindunanss Aldeusiuilouas
aduayunisddumsideluaded veuquoraatasusuiaviesiu unnd Wnuiuia dqeeny uazgi
dauavnvituiihsumideuasliteyaduiian veuralusunsiviingimsresiamoiuazinalulad
asaunea Aazinormaniuazimalulad unninendesvagiunanys Alvinsatuayudsnge
agmInANge uarveuniimImgniuilid Ui nwiLaznsaaeuLesesileide
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Abstract

This research aimed to study the traditional production process and nutritional value of
Thua Nao (fermented soybeans), a product of indigenous wisdom from the Ban Huai Khom
community in Chiang Rai province. It also sought to explore methods for developing production
quality using a pure starter culture. The research was conducted through in-depth interviews and
participatory observation with three producer households to study the traditional production
process, with product samples collected for nutritional analysis. Furthermore, microorganisms
were isolated from traditional Thua Nao to produce a starter culture, which was then trialed in
the actual production process by the community. The study found that the traditional production
process consists of three main steps soaking, boiling and fermentation, reflecting inherited wisdom.
The hard-type Thua Nao produced using traditional methods had a high average protein content,
ranging from 38.52% to 43.39%, although differences in appearance, color and aroma were
observed among producers. The research successfully isolated bacteria of the Bacillus genus, the
primary microorganism in the fermentation, and developed it into a powdered starter culture. The
trial of producing Thua Nao with this developed starter culture showed that the fermentation
process could be better controlled, resulting in a final product with consistent quality and a high
protein content of up to 45.98%. The research indicates that integrating local wisdom with
biotechnology through the use of a starter culture is an effective approach to elevate the standard
and safety of Thua Nao. This method simultaneously preserves cultural heritage and promotes

the community's economy.

Keywords : Thua Nao, Nutritional Value, Starter Culture
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W[.m Development of healthy puffed rice product prototype

Abstract

The development of the healthy food product was conducted due to the consumer
demand that tends to continuously increase. This research aims to develop the prototype puffed
rice product with good nutrition and suitable for healthy food. The effect of rice varieties on the
rate of puffing and the appropriate component ratio for a healthy puffed rice development were
observed. The result founded that rice varieties were significantly affected by puffing rate (p<0.05).
The RD6 Rice had the highest puffing rate at 260.17% w/v, followed by San Pa Tong Rice, Kiaw
Ngoo Rice and Purple Rice at 195.84, 175.00 and 150.00% w/v, respectively. The component ratio
of puffed rice, soybean powder and pumpkin powder was significantly affected on sensory
acceptance and chemical compositions (p<0.05). The optimum ingredients for developed a
healthy puffed rice product were puffed rice 66.7%, egg white 14.8%, water 1.8%, sugar 8.9% salt
0.4% and soybean powder 7.5% w/w. Product received overall liking score with 8.24, which is the
most like level. The proximate analysis of product was as following; ash 1.78% w/w, protein
10.75% w/w, fat 1.62% w/w, dietary fiber 0.55% w/w, carbohydrate 81.87% w/w, moisture 3.48%
and water activity was 0.22. The healthy puffed rice showed good nutritional value. Protein, dietary
fiber and mineral content were increased due to the egg white and soybean powder in the
formula. The fat content in prototype product was approximately 10 times lower than the puffed

rice obtained from frying.
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Tnssadne viefi3endn maimaaniluedu (Gelatinization) ileviudatanluananutuas wéan
windlularudouiigungigafenisdavienealutiiiu thlulassadmentazinnsssmedu
loth Anusadulassadsvenudadilimosuasdaunsouiaiu manesivesudatniuegifudats
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Ysunuerlulawmaiwdudiulng Jadudiuusenevvessinanisy (starchgranule) WWunediuesues
winnanglaa (slucose) Ndmsesdaluaansauarauaus Weairluniunisnusugniasiddnvusla
Witlen e Lasinn1sAuRlaeIn (retrogradation) 39iNanan1IWBIAY [5]
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wanfausitwesiiduidoslulsemalng oni d1ausu vievuuunudadundnfusidnomesd
Aaangidyanviesdu Tnsamzaiamieuazdauivilaadimilen Jsinusiuiesduszneumaail
Usgnaudelusiu Loy idsianun duleemns wazanslulawmsnluliiadesas 6.16, 21.42,0.91,
0.20 wa 71.31 lashvednitenun aruddy [6] Sruduiadurummudedlindsnuas Tlofuiee
thmaluUinnags middeidduninlunsiaundnsusitnneafioguniniinouaussausdionis
vosgfuslaelutiogtu lnethimiemeiusatluriesduunudssuliidudmeaiiequam anusunm
sy WaSinailusAunesiivnaenlnsuinisia seiagivluieadu wu & wazdnin 9 lagdnw
meuginsesnsMInesiivestn uasAnwdndiutardinussnouivnzaslundndnsid1ameile
auam aeilinguszasdifieainsndndnsiomsifieguamainingivviesfiuiineuaussiennugeanis
vosuilanlutiagiu uavairamariiunandatrimieluiesduls doly

WBnsauliun1sive
1. Anwaneiugdnamileaniinadaniswassiivasding

Anwinavesaneuginfeniswesiivestmisiesiu 4 anesiug leun dudines 412
wilen nv 6 Framfondeng uardrunieah wisudnines Tnsusdrumieluiindeanududuios
az 2 Tngthwidn ludamdudnuasiindowindu 1 2 Wunamu 5 dalus nduinasdai ud
daduna 30 uit fndrawmieranliaudu ulslagawanadin (HDPE: High Density Polyethylene) iy
Tudifugamad 4 - 7 ssmiwadoa unan 48 Falus thinuuenduwdaudundsasuuann vl
fifudn a8 $lug udanildeusiedouaniou Ju DHAL0 (Zolftech innovatiom) figamadl 50 4a
waldea Wuaw 4 $2lus uazihlveulvmessnomeuluih foamnil 250 ssrwaidea (Hu
nauu 30 Fundt fhednsgninlulieTesigainin Tikn USinaeatiu #1635 AOAC 2020 [7], TinTen
N1TNOIAIU09917 (Expansion Ratio) M1u35n15999 Suchada Maisont and Woatthichai Narkrugsa,
(2009) [2] TaeFstiweindn 5 n$u SauTuinstndonszuonn (V1) udahlveudemlnihgungd
250 asruwaLdea 30 3wl IUGinstianes (v2) udadwududdannswesiavesdn il

V2-V1

Expansion Ratio (ER) = %100

U doyanan1nluIiAsIein1aifiinununIsinasInsadi Auuug uanysal (Completely
Randomized Design, CRD) ¥11A151A804 3 61?1 AT1EANULUSUSIU (Analysis of Variance, ANOVA)
waziUSouisuaadslngds Duncan’s New Multiple Rang Test fiszdumnudeiudosay 95 Tnald
Tusunsudnsagu SPSS 27.0 ilednidonaneusinimilen
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2. Anndadiuuazdiuuszneviivunzauvasndnineidianaainaguain

2.1 Anw1UsunauvastnanesfimnnzaulunismSeud1INe AR UNINNEDS

Framdeafiniunisdndenaindes 1 dandnwdadiuvestnesimuzanlunsedoudnes
ARDUNIYIADY AvundndIuTesieIAnsneiulL 3 SEU Ae 50, 70 way 90 n3u lnethwiin Tae
fdunaundneasi 1o 11 dinna inde uaznedmdes 20, 2.5, 12, 0.5 uaz 10 ndu Tnevmndn
puEdU Yhnsnandamenadounsdamdes Tnsthdrunalten dima inde wazduu Junaud
Anusrgndunian 3 uiil aunanedululyvn Mt rsdndesaunauiulnltldanauduie
ey vhdamesadluaaniedlidiunaniomnndeud1inesegasiane udrdusudofanidalau
oulutmaulwiih Ju DHA10 (Zolftech innovatiom) flgaumgil 120 ssmalwaldea Juan 30 uai (8]
agl@danenndounsdinies daegnef lailunadeunnnureunsUszamaduia fae3s 9 point
hedonic scale T¥nguguslanilunnaeudu S1uiu 30 Au Sinsesideyanisadin lnenaununisvaaes
wuuguluudenauysal (Randomized Complete Block Design, RCBD) 3tAsziimanuuususau (Analysis
of Variance, ANOVA) uazil3suiiisuaadslne3s Duncan’s New Multiple Rang Test #isefunay
JetuSewaz 95 iiemdndiuvesinnesdiminzatlunswiondimeundeurdinies

2.2 Anwdndiuvasenamiaanaznsinnasiunzaslun1sassut1awasinagunIn

Anwidadiuvosrsiimdesnazusilnesiingailunisiieudmeaiioguaim Tngin3oadn
WOIMUHANISANBITET 2.1 Muundadiunsdrdosazneilinnosuananeiy 3 szau laud Sevas 0,
1.8 uag 3.7 fawanddunsedt 1 fegraiamuntiill Siesieesdussnaumandl (Proximate analysis)
TduA Anudu 18 Tsiy Ty wasduloonms maisnisves AOAC (2020) [7] wasdtasehArUSunal
1dase (Water activity, a,,) FrenTeeinaUs NN B ase (Aqua Lab 4TE) WagnaaauANUIBUNI
Uszanmduila ¢e5 9 point hedonic scale Tnauiuslnavilunaaoudy $1umu 30 Au Tinsizsideya
n19adf neagununisuaasswuuguluudenauysal (Randomized Complete Block Design, RCBD)
AAT19ANULUTUTIU (Analysis of Variance, ANOVA) wazlU3suiisuAaaslngds Duncan’s New
Multiple Rang Test #iszsuamidosiudesas 95 iledaidengnsivuzanluninaioudinosie
JUAMN
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M15197 1 : dUUTENOUVITINBANDFUNIMNTNIINFRMALHITINNBIMANANTY 3 SE6U

daudsznavu

405 1 (Fovazlny

UINLN)

gns 2 (Fovazlny

UINLUN)

405 3 (Fovazlay
Wniin)

9917 (n5w)

1%
o

20 (14.8%)

20 (14.8%)

20 (14.8%)

Ay (nSw) 2.5 (1.8%) 2.5 (1.8%) 2.5 (1.8%)
haa (n$w) 2 (8.9%) 2 (8.9%) 12 (8.9%)
wnae (N3) 0.5 (0.4%) 0.5 (0.4%) 5 (0.4%)
nedmEes (n$u) 0 (7.4%) 7.5 (5.6%) 5 (3.7%)
Hailnneg (N31) 0 (0%) 2.5 (1.8%) 5 (3.7%)

41INe9 (N5Y)

SUUUUN

90 (66.7%)

135

90 (66.7%)

135

90 (66.7%)

135

Y19%UA

HaN1538UazaRUTIENANTTITY
1. wan1sAnwanewugdramileaniinadaniswesinvasin

NnMIRnwIHavesanefuginifidonisnesiivestn lngldidonamenudiniilogluiedu 4
angiug T dramilendutines Srwmier nue Sradisng waedni thlulesesiaunin mdrsinig
Wowi wazUSunaimnaty :1nesed 2 wud aeiugiIiinadedn N InesiIvesi el Ty d Ay
n3adf (p<0.05) Inedmilen nus Tdnsnsmesdvestngsiign windudesas 260.17+5.60 lag
Ysung sesasunlann trauntlendulines Gﬁ’nl,%ymg wardain G8nsnsnesiivest1n wiriudesas
195.845.89, 175.00+11.79 way 150.00£0.00 Ineninin ausdu Tuduusinannutuvesirines
wuih anetusininaderuturesinnesedsditoddameada (p<0.05) Tnevsinaauduluiig
wilerdutines waztmieanus fediigawintuiesay 5.56 uay 5.98 Imaﬁmﬁ'ﬂ Frawesi 4 ane
wuﬁmimmmwmu Luiunnsinafuegaditodifaneada (020.05) ne31ed 2 wandliidfiuin Adn
miwaqmsuawnmLLqumaﬂmLuaﬂimmﬂ’nmmwmu Fanawessvesdnuseneuludieadesiig 1
Tud anutuBSusuvesdininouniswessh gl warszezaaIN1TiANseu [9] audsladesiu
aneRuginikafednIIN1INeIRivesdnd [4] aeiudinidiesdusenoumand laud Usunaeslulaa oy
Tulawafuuananeiu Tudnmilerssiviinaeslilamefududlng Jadudulsznevreadnanide
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(starchgranule) Lﬂuwaal,ua%suaqﬁwmaﬂqiﬂa (glucose) finsuesinduaensuavarsuaus Wetily
HIunsauugnIziianwagla wiled laseu wasiinn1sAudalaein (retrogradation) Jsiinananisnes
i [5] Betamilen nv6 dsnsnswesingean fsunaeslulaadesas 29-31 [10] aonadesiunisanu
94 Chardraekhar and Chattopadhyay (1991) [11] wuind12 fiflnswesiaffigalsundniiviinues
luladegUszanaifesay 28.5 :nmsfnundddldidendramiendifidnsinmanesianniiga 1un 412
wileanve Wunghvlunisfnwtuneustoly
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A15199 2 : BRTINSNOIPIBALUSUIUAMUTUTDIU A TE WAL ANNUS

]

DNTINITWBIAN J3U1aunUTU
Aenugtmiien }
(GovazlneUsung) (ovazlagtnmin)
TRPINIABN 195.84+5.89° 5.56+0.18°
Y1INV6 260.17+5.60° 5.98+0.12°
%’nﬁﬁvmg 175.00+£11.79° 6.68+0.23°
F1m 150.00+0.00¢ 7.11+0.25°

v
o

e duauluiuadani

v v 19 o

“enwImAuLAna1iY dauusnansiuegsiitedAgneads (o < 0.05)
2. nansAn¥dndILadIUUTENAUNMANL ANV INANNUNTIINDINFUN N

2.1 Anw1Usunauvastnanesfimunzaulunism St N AR D UNINNAD

nMsAnIUSInamesiamesiivanzan Tnedidwdennue uneseudiames udathimes
WAdeuRiIEes Tnedduusznounasdndiuvesdineawnnansiy 3 seiu nansnageun1sEaNsy
VUsEAMELNALAN TIN5 97 3 WUT1 USinawestianesi 3 seu fnadestsuaziuuAuveuly
§1ud ndu savd Weduia wazauTeusIvEITINeNAd suNId WA seedlTuddvnean A
(p<0.05) WlofiansanUsunadnamesd 50 wag 70 n§1 NUT TATLULAINYOUTINIINAU 4.0 = 1.85
Uay 6.50 +1.43 e?fqagﬂuﬁzé’uimauﬁﬂﬂaa LazraulEntioy AuaIRU T INeLARaURIG WA DI TIE
U3maudhawes 90 n¥u ferseduazuuunimeudiud ndu savd edudauasaureuingeiian
Winfu 7.74 +1.22, 7.50+1.43, 8.00+1.11, 8.03+0.93 uag 8.17+0.83 muddiu deaglusziuveuiisvey
110 FelndlAesiunisanwues Wiums (2563) [12] ladnwsnsidiu radndrmides Tnglddinlaun
UangdrvenurawarUanedmides nv6 Tun1syindniuau wuiidnsidiu 4181 9miden 0:100 1Ju
qmﬁﬁﬂmuum?{amwmauéfmé’ﬂwmgﬂimg, naw, savR, L eduria) LLﬁ%ﬂ?J’]SJ?JE]Ui’J&JQQﬁ?j@ ag/lu
syfureu fuiulunsdmdondadiudnimes 90 nfuSamnzausomsuiluAnwduneudsly
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AN5199 3 : ANRAYSEAUASMUUAIMNUTDUNINUTEANFUNEVDITNINDWATDUNID B NFDINENEIUYD I

NOILANFNGNY
USuraudnanes . 3
a nau SR Waduld  AUvausay
(n5Y)
50 587 +2.10° 503+ 1.52° 4.6+ 213 310+ 2.14° 4.40 + 1.85°
70 6.33 + 1.49° 647 +1.38° 653+ 1.72° 590 + 1.47° 6.50 +1.43°
90 747 +1.22* 750+ 1.43% 8.00 + 1.11* 8.03 + 0.93* 8.17 + 0.83°

o
o

e : AuavluwwIanie

v v 1Y

o

“onwImAULANA1IUY dannuusnanstuegsilitiedAgsads (o < 0.05)

2.2 wafnudadiuvansdnisiaseiinnasiimanzanlunisnssud1anainagunw

31NN1SANEIERAIUNID WNE snaz s nneafiinzay Tnenssudanesnuran1sinely
Fupoudl 2.1 idamesnadeunsdmdsasneiinnes Inofidnd1uvowidndsuazaaiinnos
WANANITY 3 SEU HANAAEUAILYBUNINUSZAMEURANIII9T & WU FREIUVDINIA NG DIUAZHS
finvesiinasoszsuaruuumurouludud ndu savd Weduia warmseousulnesuvesnedie
gunmegiifuddanieada (p<0.05) Tasnafiudasdiuvesnaiinnesinavinliadadsazuuy

¥

AuToulunud ndu savf WedudauazmIuTRUINTINARS Y Aanaseg 1T Tud Aynsan
(p<0.05) W nwsiinnesiidvae sty waznauanizuesiinnesiitutunnnininnesan dewavinln
AARYATLULANYOUYRI NAdBUARAtle diud1InadiogunIniiladourIn AR uigIeE19ie?

(@ms9 1) AARRYTEAUALKULAILYBUTINGINGAWIIAY Winiu 8.24=0.78 Feagluseauyausin

'
o

A13199 4 : ANRRYTEAUATIUUAINYBUN U TEANFUNAYDIUINBUNAUN AT IUYDINIA MDY

LAY AN DILANAIIU

INIIHIUVDY
A T a nau SeUA Weduds  anwwausau
Wnnos (Gowaz)
1(10.0: 0.0) 7.44+1.26°  7.40+1.50°  8.00+1.16°  8.04+0.94°  8.24+0.78
2 (7.5: 2.5) 7.08+1.53%  6.08+2.12°  6.24+1.72°  5.64+1.82°  6.48+1.61°
3 (5.0: 5.0) 5.64+1.93° 512+1.97°  5.12+1.94°  536+2.14°  556+1.98°
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(%

v v o ' o w

e davlusuifanidsnusmiuuaneiu Ianuweniuegreiifeddgyneeada (p < 0.05)

o

ilefinnsanesdusznoumaaiivesiiogistimeadieguamdisuiisuiugasnuauainmsa
fi 5 wuhmaedeundadowuasksiinnasdnavilruimalsiu duloons ussdimuafisgely
Turasfivinadlusiu uasaslulawnsnanasegnadifoddymneadn (p<0.05) sgralsfnmu dewSeuiiey
nsindeuniduvdosuazneiinnedlusnsdruiiuandeiu nudn nsfiudasdinvesiinnosdinayinls
Uhinaluiuludrmesanas wiavinlfusinandiomn wasiduloemnaifingatuegnaiifeddyma
afid (p<0.05) luvaugiviinalusiuiiuuliiuanas Faflnmesusznouluse loewns Imilu uazussn
#1197 HnnesdaliuTunaansiuenyadase laun a1susznauiiuea wazwaliuessgs [13] Fana1ladn
weilnnesdudiulszneuiitisiiiuiinuussiquaziduloe i Weinrsandndunsdumaes nuin
nsifiursdamaedmalidiinalusiuiniu wasaslulawsnanategeditodfynieadn (0<0.05)
fesndundedilusiuannnitfesay 50 dnsaezdlufisndu Falvselewivesanie daslulanse
sty udsmuarloonsgs uenanidsilansiuoyyadastlolenailau (soflavone) fannsntlasiu
nsAnde desfumsiinlsauzidadiuy uniSwen an LDL wazifin HOL roledmesen Jeafunsiia
Tsavala waslsaumueiled 2 [14] mdavdeadudiuusenoufivaediay3unalusiu uavanu3uia
aslulamseludnnesasld waznsindoudnnessediuyssneuifilasiusdmhsanyuSinaletuludn
wosasUszanas 10 wh ideiSeuidisufudiuduiinesnseushenismenluiiuiusinaletu Sesas
21.42 Tneniwid 5]

Tuduuiinunuty wasdiiaiidas: (a,) nuln drneuadeundamdesdiaininuiy
uay UTinahdasy smndmmesgnsruey Wesnanlufureuniseutnmesedeunsdandosuasie
ilmedldgnmaiigs 120 esmuwaidoa wazuiule 30 uni VilviAensssmevosniluomslulungs
AUInathBaszvestmesgnInuay Wity 0.36 dausegnsdmesfiogunindmAiiinaiihasy
o¢1uv23 0.20 - 0.22 FalsiiAwnusidervunvesNINIFIUNER FUTYNTY (UHY.) KARSATT1INE
(UHY. oo/ o&ol) [15]
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M13197 5 : 23AUsENaUNNAAT YAt NI NEguN N NdRd vt dosavNeinvasana 19l

oms1dIuYes  ANTU iy Wshu Tosiu vule aslulawms  USunauin

S ?d52 (aw)
NIDLanIRa (% by wt) (% by wt.) (% by wt.) (% by wt.) (% by wt.)

Nannyoag (% by wt.)

(5oway)

UL 4.33+0.11%  1.07+0.00¢ 7.49+1.64° 2.09+0.03° 0.22+0.00° 84.81+0.05° 0.36+0.01°
1(10.0:0)  3.48+0.03° 1.78+0.01° 10.75+0.13° 1.62+0.01° 0.50+0.00° 81.87+0.11° 0.22+0.00°
2(75:25)  3.40+0.06° 1.85+0.01° 10.69+0.07° 1.56+0.16° 0.60+0.01° 81.91+0.21° 0.21+0.01°

3(5.0:5.0) 3.13+0.02° 1.83+0.00° 9.77+0.09° 1.36+0.12° 0.88+0.05° 83.03+0.14°  0.20+0.00°

o
o LY

new: Aauluwnasilidienysmduseneneiu danuunndisiueg1alited1fynisada (p < 0.05
a o
dyUnan13Ive

mMsfmundnsusidmeaiioguan Inglddnanvesduluimindssss wuinugdnii
darmswesianniign Wun Framdeniug nue mnzuimainluimungesiweniogunm Tnedis
Unadusiu waziduloemsmeingauiiflusiesiu dadiunazdinusnouiinzanvenaniaeidn
woailagunn Usznause YSunadnames 90 nfu uazdndiunsdavdessiedinnes 10.0: 0.0 Wugnsi
wanzaylusdnfusidrmeaiieguain Ssldazuuuanuveusmeglussiuveunn waninsiildin e
malazunnsiin Tnefluunalusiugs fusmnamslulamsnanas uazu3unalufuanasnin 10 wide
Wisuileutfudnmesiiunisveathiudeifiviinalutu Sovay 21.42 Tnguth sudufiunuainig
Lnwunsmesuinniiu uss wazansiuoyyadaseiteglutidesiaunaddeguanuesiiuilna

AnRNssUUsZAA

ANEEITBVUUAN TUTUNTUINIUIANTTNBIMIWAZNIIINEAT AEINeIAansuazmalulad
WNINIREIIUAL e AliauewasIzigunsal 0wl wagatvayunisaiiuauideluasail
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Abstract

The purpose of this research was to develop the learning achievement of Calculus 1
courses, application of derivatives of first-year mathematics students who were taught by using
the Flipped Classroom learning process before and after the course. The purposive sampling group
was the 20 first year mathematics students of the Faculty of Science and Technology, Thepsatri
Rajabhat University, enrolling in Calculus 1, semester 1, academic year 2024. The research tools
were: 1)the Flipped Classroom Learning Management Plan on application of derivatives, calculus
1 course, 2 periods (3 hours per lesson); 2) A set of learning media and online learning resources
developed specifically for the lesson and a set of post — learning reflection questions; 3) The
achievement test on the application of derivatives is a subjective test with 5 items. The statistics

used in the data analysis were mean and standard deviation.

The research results found that subject achievement application of derivatives for first-
year mathematics student, Faculty of Science and Technology, Thepsatri Rajabhat University, who
received the academic achievement scores in the topic of Derivatives Application before and after
learning using the Flipped Classroom learning management plan were 26.5 percent on average
before learning and 84 percent after learning, which shows that the learning management using
the Flipped Classroom model resulted having higher academic achievement after learning than

before learning.

Keywords : Application of derivatives, Flipped classroom learning process, Learning achievement
test.
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