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ABSTRACT

Calculus, since its inception by Newton and Leibniz, has served as a foundational tool for understanding change,
motion, and accumulation. Over the centuries, its scope has expanded beyond the classical framework, giving rise to modern
extensions that address new mathematical and scientific challenges. This article provides a comprehensive review of three
significant branches: fractional calculus, multiplicative calculus, and difference calculus. Fractional calculus generalizes
differentiation and integration to non-integer orders, offering powerful models for viscoelastic materials, anomalous diffusion,
and memory effects in physical and biological systems. Multiplicative calculus, rooted in proportional change, reinterprets
differentiation in terms of ratios, providing natural formulations for processes in finance, population dynamics, and biological
growth. Difference calculus, along with its quantum variants, extends the principles of calculus to discrete settings, enabling
applications in numerical methods, dynamical systems, and quantum models. By highlighting their theoretical foundations
and practical applications, this paper illustrates how these non-Newtonian approaches enrich the classical view of calculus,

bridging continuous and discrete analysis and offering versatile tools for modern science and engineering.

KEYWORDS: Fractional calculus; Multiplicative calculus; Difference calculus
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1. INTRODUCTION

Calculus, developed by Isaac Newton and
Gottfried Wilhelm Leibniz in the seventeenth century,
has profoundly shaped mathematics and science by
providing systematic methods to describe motion,
change, and accumulation. Newton’s approach,
grounded in limits, derivatives, and integrals, defined
fundamental physical concepts such as velocity,
acceleration, and  force. Leibniz,  working
independently, introduced a powerful notation and
general framework for solving differential equations.
Although many view the Newton-Leibniz era as the
culmination of calculus, the field has continued to
evolve over the past three centuries. These modern
developments—often referred to as 'non-Newtonian
calculus' or 'modern calculus' - extend differentiation
and integration beyond the classical framework. This
review focuses on three such extensions: fractional
and difference

calculus, multiplicative calculus,

calculus, with emphasis on their definitions,

theoretical foundations, and applications.

2. FRACTIONAL CALCULUS

The idea of fractional calculus originated in 1695,
when Guillaume de UHépital encountered Leibniz’s
notation for the nth derivative, D". He wrote to
Leibniz asking what would happen if n=1/2
Kilbas et al. (2006), Oldman & Spanier (1974), and
Podlubny (1999). At that time, Leibniz could not give
a precise answer, as the rigorous formulation
required the Gamma function, which later appeared
derivatives and

in the definitions of fractional

integrals:

I“f(t)=$J:(t—r)“‘lf(r)dr. (1)

Although the development of fractional calculus
was initially slow—mainly due to the difficulty of
computing values of the Gamma function from
tables—modern

cumbersome computational

software has made such evaluations
straightforward. This has allowed fractional calculus
to find widespread applications, particularly in
materials science. In this field, solids are described
by derivatives of order zero, fluids by order one,
and viscoelastic materials by fractional orders
between zero and one, providing a natural
framework for describing non-Newtonian materials.

The Riemann-Liouville fractional derivative of order ¢ is

defined as:
1 d" t
RLDaf t - - t_ n—a—lf d 1
O= oy g 7 @0
n-l<a<n. 2)

Later, Caputo proposed a modified definition, widely used
in applied sciences due to its compatibility with classical

initial conditions:

Caa _ 1 t _ \n-a-1 £ (n) (3)
D f(t)——r(n_a)jo(t 2O () d 7

A classical application is the fractional Maxwell model in
viscoelasticity, where fractional derivatives (0 < @ <1)

are used to encode memory effects:
De(t) = L Do (t) + 2 o(t). @
E 7

An equivalent form is:
o(t)+ (gj Do (t) = 1D%&(t). (5)

Here, E denotes the elastic modulus, 1 the viscosity,
o (t) the stress,and £(t) the strain. The parameter ¢
interpolates material behavior between perfectly elastic
solids (¢ — 0) and Newtonian fluids (o =1) .

Applications of fractional calculus span physics, rheology,
materials science, and biology. Fractional models describe
viscoelastic behavior, anomalous diffusion, and memory

effects in complex systems.

3. MULTIPLICATIVE CALCULUS

Multiplicative calculus offers a framework for

proportional rather than additive change. It is
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naturally motivated by compound interest.

Suppose depositing $a yields $b after one year.
b/a .

the monthly

The growth factor is With  monthly

compounding, growth becomes

1
(b/a)*? . As compounding frequency increases,

the limiting process gives rise to the multiplicative
derivative Grossman & Katz (1972).
The multiplicative derivative of a positive function

f at point X is defined as:

D*f(x):lim(f(XJrh)Jh. (6)

h—0 f (X)
Compared with the Newtonian derivative

f’(x)zLiLTg(f(XJrh)—f(x))/h, ()

the difference is replaced by a ratio, and the
division by h is replaced by raising to the
reciprocal power 1/h . This formulation directly
links  multiplicative calculus to  continuous
compounding.

The exponential growth law f (t) = f (0)e"
emerges seamlessly from multiplicative calculus,
where I' represents the relative growth rate. This
shows how multiplicative differentiation provides a
natural setting for proportional processes such as
finance, population dynamics, and biological
growth.

Beyond finance, multiplicative calculus has
been applied to signal processing, where relative
changes are more meaningful than absolute ones,
and to models of economic and population growth,
offering insights into

systems governed by

proportional change.

4. DIFFERENCE CALCULUS

Difference calculus addresses the discrete
analog of classical calculus, where functions are
defined on discrete sets rather than continuous

intervals Jordan (1956). The forward difference

operator is defined as A f (x) = f(Xx+1)— f(X),
while the
Vix)=Ff(x)-f(x-1 .

provide the basis for numerical methods and

backward difference operator s
These operators
discrete modeling.

A well-known tool in this context is the Newton-
Gregory forward interpolation formula, used to
approximate functions from equally spaced data

points:

(00~ () + E a1 ()
h , (8)
) ey
where h is the interval between data points and
A" f(X,) is the Nth forward difference at X, .
This formula underlies many interpolation and
numerical computation techniques.

Difference equations, the discrete counterparts
of differential equations, are fundamental in
modeling population growth, economic cycles, and
computer simulations. For example, the logistic
Xoa =M%, (LX)

discrete dynamics connect to chaos theory,

map demonstrates  how
highlighting the importance of difference calculus in
modern dynamical systems.

Further extensions include the Hahn difference
calculus, which blends the h-and (-calculus into
a unified operator, and fractional versions of
g - and Hahn calculus, which extend differentiation
to non-integer orders. These advanced forms have
been employed in boundary value problems,
stability analysis, and the construction of
orthogonal polynomials. Thus, guantum calculus
enriches the landscape of discrete analysis,

providing bridges between classical calculus,
difference equations, and modern applications in
science and engineering.

The Q -difference operator, for qe€(0,1) , is

defined for a function f as:
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oo O f@ o
(1-q)t

lts inverse leads to the ( -integral, often
expressed via the Jackson sum. As q —1, the
( -difference operator recovers the classical
derivative. This makes ( -calculus a natural
framework to interpolate between discrete and
models. of quantum

continuous Applications

calculus can be found in number theory,
combinatorics, special functions, and even physics,
such as models of quantum mechanics, relativity,
and cosmology.

An important extension of difference calculus is
Quantum Calculus, often described as 'calculus
without limits." In this framework, derivatives and
integrals are replaced by difference operators that
do not rely on the notion of limits. Quantum
calculus includes several variants such as the h-
difference calculus, g-difference calculus, and the
Hahn difference calculus. These generalizations
provide powerful tools for analyzing systems where

standard differentiation is not possible.

5. CONCLUSION

From Newton and Leibniz to contemporary
extensions, calculus remains a dynamic and
evolving discipline. Fractional calculus extends
differentiation and integration to arbitrary orders,
multiplicative calculus reframes change in terms of
ratios, and difference calculus adapts methods for
discrete settings. Together, these approaches
expand the modeling capabilities of calculus,
enhancing its relevance across physics, engineering,

finance, and computational sciences.
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ABSTRACT

A single time series prediction problem is solved with a neural network. The nonlinear autoregressive (NAR) type of
network is used. The network is trained in an open loop and then transformed to closed loop for multistep prediction. The
prediction is made 20 time steps into the future. The delay is removed from the network to get the prediction one time step
earlier. The shallow neural network is trained on the global ice volume dataset, which contains 219 measurements of global
ice volume over 440,000 years. The network is able to predict future ice volume based on past values with a high degree of
accuracy. Three different backpropagation training algorithms were used to train the network: Levenberg-Marquardt, Bayesian
Regularization, and Scaled Conjugate Gradient. The Levenberg-Marquardt algorithm achieved the lowest MSE (0.02257 at
epoch 13) and the highest R2 (0.99254). The Bayesian Regularization algorithm achieved an MSE of 0.027209 at epoch 4 and
an R? of 0.99192. The Scaled Conjugate Gradient algorithm achieved an MSE of 0.01878 at epoch 3 and an R? of 0.99018. This
work contributes to the field of climate studies by providing a tool for predicting future ice volume. This information can be

used to better understand Earth’s glacial cycles and to develop strategies for mitigating the effects of climate change.

KEYWORDS: Time-series prediction, Neural network, NAR, Backpropagation, Glacial cycles
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1. INTRODUCTION

Global ice volume has fluctuated significantly
over the past 440,000 years, with major implications
for Earth’s climate and sea level. Understanding
these fluctuations is essential for predicting future
climate change and its potential impacts on human
societies. This paper explores the use of shallow
neural networks for time-series prediction, focusing
on modeling global ice volume.

The objective of this study is to develop

a neural network model that can accurately predict
future global ice volume based on past values. The
model will be trained on the global ice volume
dataset, which contains 219 measurements of
global ice volume over 440,000 years. This single
time-series  prediction problem leverages the
network’s ability to learn patterns in historical
data. By analyzing past ice volume trends, the
network can forecast future changes, contributing
valuable insights to climate studies and our
understanding of Earth’s glacial cycles.
The neural network model will be trained using
three  different  backpropagation  algorithms:
Levenberg-Marquardt, Bayesian Regularization, and
Scaled Conjugate Gradient. The performance of the
models will be evaluated based on their mean
squared error (MSE) and R2.

The Levenberg-Marquardt algorithm achieved
the lowest MSE (0.02257 at epoch 13) and the
highest R? (0.99254). The Bayesian Regularization
algorithm achieved an MSE of 0.027209 at epoch 4
and an R? of 0.99192. The Scaled Conjugate
Gradient algorithm achieved an MSE of 0.01878 at
epoch 3 and an R? of 0.99018.

This paper is organized as follows: Section 2
describes the materials and methods used in this
study, including the global ice volume dataset and

the neural network model. Section 3 presents the

results of the experiments, including the training

state, MSE, and R? for each backpropagation
algorithm. We also discuss the implications of the
research findings for climate studies and our
understanding of Earth’s glacial cycles. Section 4
concludes the paper with a summary of the main
findings and suggestions for future research.

The study of using nonlinear autoregressive neural
network models for predicting oil-dissolved gas
concentrations has been proposed by Pereira et al.
(2018). The authors propose a hybrid model to
predict the concentration of gases dissolved in
transformer oil, which is crucial for monitoring
equipment health and diagnosing potential faults.
This model combines a Nonlinear Autoregressive
(NAR) neural network with the Discrete Wavelet
Transform (DWT). The DWT is first used to process
and simplify historical gas data, which is then fed
into the NAR network to forecast future gas
concentration values. Tested on seven months of
real-world data from a transformer in Brazil,
the proposed NAR-DWT model demonstrated high
accuracy and robustness, proving to be less
sensitive to training parameters like time delay and
the specific wavelet function used. The results
showed that this approach

outperformed other methods like GRNN, BPNN, and

significantly

SVM, with a prediction error for ethylene gas that
was approximately 70% smaller than the other
tested models. The study concludes that this
model serves as a reliable tool for fault diagnosis
systems, enabling the anticipation of failures
by providing accurate, multi-step ahead predictions
of gas levels.

Boussaada et al. (2018) presents a model for
predicting daily direct solar radiation specifically
designed to manage the power supply for a race
sailboat, an application where location is constantly
utilize a Nonlinear

changing. The authors

Autoregressive Exogenous (NARX) neural network
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that takes two primary inputs: a deterministic
component derived from a “clear sky” model that
accounts for the sun’s geometric position, and a
statistical component represented by predicted
cloud cover. A key finding is that the model
performs best when trained periodically—specifically,
once every day at midnight using a moving window
of the last 10 days of data. This daily retraining
strategy allows the model to adapt to the
sailboat’s changing coordinates and meteorological
conditions. After optimizing the network’s structure
to 15 neurons in the hidden layer and using specific
activation functions, the final predictor achieved
a Daily Mean of the Power Error (DMPE) of
24.0584 W/m?2, successfully forecasting the general
solar radiation curve.

Moreover, to aid in strategic planning for
sustainable energy systems, Adedeji et al. (2019)
addresses the challenge of forecasting energy
consumption, which is subject to hemispherical
seasonal patterns. The research employs a
non-linear autoregressive neural network (NARNET)
to predict daily energy usage across the four
campuses of a South African university, utilizing
three years of historical consumption data. A critical
component of the methodology involved
preprocessing the data with Singular Spectrum
Analysis (SSA) for filtering. The authors identified
three potential window lengths (L=54, 103, and
155) via periodogram analysis and compared their
impact on the network’s training performance. The
data filtered with a window length of =103
produced the best results, yielding R-values of
0.951, 0.983, 0.945, and 0.940 for campuses A, B, C,
and D, respectively. Following network validation,
a short-term forecast achieved accuracies of 85.87%
(Campus A), 75.62% (Campus B), 85.02% (Campus C),
and 76.83% (Campus D). The study concludes by

demonstrating the significance of data filtering as a

crucial step for improving the accuracy of forecasts
based on univariate autoregressive series.
It’s essential to understand how regional climates
will change under different human-caused emission
scenarios to help societies adapt and mitigate the
impacts (Mansfield et al., 2020). Traditional climate
models require immense computing power, posing
a major challenge. However, Mansfield et al. (2020)
proposed a solution: using machine learning.
Their innovative approach leverages a unique
dataset of existing climate model simulations to
identify connections between short-term and
long-term temperature responses under various
climate forcing scenarios. This method offers
a twofold advantage. First, it can speed up climate
change projections by reducing the computational
burden. Second, it helps identify early warning signs
of long-term climate responses, which is vital for
climate change detection, predictability, and
attribution. The research emphasizes the need for
increased data sharing between  research
institutions. By pooling resources to build larger
datasets, the scientific community can create even
more powerful climate response emulators.
This will lead to faster and more accurate climate
change projections. Such a collaborative approach
is crucial for navigating the challenges and
opportunities of data-driven climate modeling.

Baig et al. (2021) investigated hydro-meteorological
variables in the Chitral Basin of Pakistan to predict
climate  change

impacts on  temperature,

precipitation, humidity, and river flow using
observed data from 1990 to 2019. The researchers
employed statistical methods, including trend
variability analysis and regression models, to
analyze the relationships between these variables.
Their findings revealed an inverse relationship
between temperature and precipitation, with

temperature decreasing by 0.309 °C for every unit
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increase in precipitation. Temperature also showed
a negative correlation with humidity. Conversely,
precipitation positively influenced both humidity
and river flow. These results challenge the notion
that increased river flow in the Chitral Basin is
primarily due to glacial recession caused by rising
temperatures.

Zhou et al. (2021) investigated carbon dioxide
(CO2) emissions in China, focusing on identifying key
emission sources and driving factors to mitigate
global warming. The study utilized multiple linear
regression models to analyze data from 1990 to
2017, identifying the

energy industry, fuel

combustion in other industries, and industrial
processes as the primary CO2 emission sources. The
researchers developed driving force models for
each source, incorporating both quantitative and
qualitative factors. Their models predict a
continued decrease in CO2 emission intensity and
total emissions in China but emphasize the need
for greater efforts to meet the Paris Agreement
goals. The study highlights the importance of energy
structure adjustment, technological innovation, and
policy interventions in achieving significant CO2
emission reductions.

Cummins et al. (2022) addressed the statistical
validity of commonly used climate change
detection and attribution (D&A) methods. These
methods, based on Hasselmann’s “optimal
fingerprinting,” employ linear regression of historical
climate observations on climate model output,
raising concerns about spurious regression due to
the non-stationary nature of climate variables.
idealized

Using  an linear-response-model

framework, the authors demonstrated the
consistency of the optimal fingerprinting estimator
under standard assumptions, particularly for global
mean surface temperature (GMST). Analysis of

historical GMST observations and CMIP6 model

output supported these assumptions, indicating
that D&A of GMST trends is likely not spurious.
Furthermore, the study revealed “superconsistent”
properties of the least-squares estimator due to
cointegration between observations and model
output. This finding led to the development of
a new method for quantifying D&A uncertainty,
eliminating the need for pre-industrial control
simulations.

Duan et al. (2022) investigated temperature
trends in Australia using a joint model of quantile
regression and variability to analyze daily maximum
and minimum temperature data. This approach
accounts for heterogeneity in the data, including
quasi-periodic heterogeneity in variance, which has
often been overlooked in previous climate studies.
Their analysis revealed an overall warming trend of
approximately 0.21°C  per decade for daily
maximum temperatures and 0.13°C per decade for
daily minimum temperatures. Moreover, the study
identified nuanced spatial and temporal patterns of
change, varying across locations, seasons, and
temperature percentiles.
(2023)

Subhra et al investigated  the

effectiveness  of polynomial regression  for
predicting future temperatures and, consequently,
climate variation. Using a preprocessed dataset
from NASA’s Jet Propulsion Laboratory, the
researchers applied a polynomial regression model
to predict future temperatures. Their findings
demonstrate the efficacy of this approach,
achieving a 93.31% training accuracy and a 91.01%
testing accuracy. The authors suggest that this
prediction model can aid environmental agencies in
mitigating the impact of climate change and
forecasting extreme weather conditions.
They recommend further research incorporating

additional climate-influencing factors.
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Utami et al. (2023) investigated the impact of
climate change on heat stress in Indonesia,
measured by the Thermal Humidity Index (THI).
Recognizing the limitations of coarse-resolution
Earth System Models (ESMs), the researchers
employed  statistical downscaling  (SD) and
nonparametric regression to correct biases in
temperature and humidity projections from the
Coupled Model Intercomparison Project (CMIP5).
Their bias correction method achieved high
accuracy, with R-square values of 95% for relative
humidity and 94% for temperature. Based on THI
projections, the study found that 50% of the
Indonesian population will experience comfortable
conditions from 2006 to 2059, while uncomfortable
conditions are expected from 2060 to 2100, with
THI values ranging from 27.0730°C to 27.7800°C.

Wang and Xia (2023) reviewed the application of
quantile regression in addressing climate change.
Quantile regression, an extension of linear
regression, estimates the median or other quantiles
of the outcome variable, making it suitable for
analyzing data with non-normal residuals, outliers,
and heteroscedasticity. This approach is particularly
useful in climate change research as it allows for
the examination of relationships between variables
beyond the mean, capturing the impact of
unusually distributed outcomes and nonlinear
relationships.  The authors highlighted the
advantages of quantile regression in identifying
factors influencing variables at different quantiles
and their robustness against outliers. The review
emphasizes the potential of quantile regression in
advancing climate change research and provides
directions for future studies.

Chang et al. (2024) examined various methods
for extracting long-term temperature trends from
sea surface temperature (SST) data, including the

seasonal-trend decomposition procedure based on

loess (STL) and linear regression methods (ordinary

least square regression [OLSR], orthogonal
regression [OR], and geometric mean regression
[GMR]). STL was identified as the most accurate
method but computationally expensive. Linear
regression methods were more efficient, but GMR
was deemed unsuitable due to its assumption of
a random temporal component. OLSR and OR
required correction for seasonal signal-induced bias,
which could be achieved by trimming the SST data.
Grover and Sharma (2024) explored the use of ridge
regression to analyze rainfall trends and temporal
patterns, aiming to enhance the understanding of
precipitation dynamics. Ridge regression, an improved
regression technique, addresses multi-collinearity
and overfitting issues, thus improving the accuracy
of rainfall forecasting. The study examined rainfall
variations, considering the impact of climate change
parameters. The authors found that ridge
regression, by balancing bias and variance, led to
more robust and reliable rainfall predictions.
This research contributes valuable insights to
hydrology and climate science, emphasizing the
importance of accurate rainfall forecasting for
effective water resource management and climate
studies. The study highlights the potential of ridge
regression in  capturing complex temporal
processes, which could be applied to various
climate-related issues.

Malik et al. (2024) assessed the impact of
climate change on Pakistan’s energy sector,
focusing on demand, transmission, and generation.
Using climate projections and an ANN-based
approach, they predicted a significant increase in
energy demand across most regions of Pakistan.
Their analysis also revealed potential capacity
losses of up to 23.34% in some transmission lines
due to rising temperatures. The study emphasized

the importance of incorporating renewable energy
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sources to enhance energy efficiency and grid
resilience. The authors concluded that without
infrastructure upgrades, efficient technologies, and
demand-side management, climate change could
severely impact Pakistan’s energy grid.

Takefuji (2024) investigated the relationship
between global carbon dioxide (CO2) levels and
temperature anomaly using linear regression
analysis on datasets from the National Oceanic and
Atmospheric  Administration (NOAA). The study
found that the relationship between these two
variables can vary over time, with long-term data
(March 1958 to June 2023) suggesting a strong
positive association and short-term data (March
1990 to March 1994) showing a negative association.
The author concluded that further research is
needed understand  the

to  fully complex

relationship between global CO2 levels and
temperature anomaly, taking into account other
potential influencing factors such as changes in

climate patterns and human activities.

2. MATERIALS AND METHODS

We begin by briefly outlining the contributions
of this work, followed by an illustration of the
methodology. Further details will be discussed later
in this section.

This work uses a NAR neural network to predict
future global ice volume based on past
measurements. The dataset used to train and
evaluate the network is from Newton & North (1991)
and contains 219 measurements of global ice
volume over the past 440,000 years, stored in a
variable called “iceTargets”.

The NAR network is chosen due to the nature of
the dataset, which is a single time-series. This
means the data consists of a sequence of

measurements taken over time, with each

measurement representing the global ice volume

at a particular point in time. The NAR network is
designed to capture temporal dependencies in
such time-series data by using past values to predict
future ones. The NAR equation can be derived as
shown in Equation 1:
y@©) = fOyt = 1),...,y(t — d)) (1
Where,
® y(t): This represents the value of the time
series one is trying to predict at time “t”

(the “present” value).

® f(...): This is a nonlinear function. It can be

anything from a simple nonlinear

transformation to a complex neural
network. This function is what the model

learns from the data.

® y(t-1), ..., y(t-d): These are the past
values of the time series. “d” represents
the number of past values (or “delays”)
used to make the prediction.
The network is trained using the Levenberg-
Marquardt backpropagation algorithm, a common
and effective algorithm for training neural networks.
To ensure the network’s generalization ability and
prevent overfitting, the data is divided into training,
validation, and testing sets.

The training process involves two stages. First,
the network is trained in an open-loop
configuration, where the network’s own predictions
are not fed back as input during training. This helps
the network learn the fundamental patterns in the
data. Second, the network is transformed into a
closed-loop configuration for multistep prediction,
where the network’s own predictions are used as
input for future predictions. This allows the
network to generate a sequence of predictions
extending beyond the training data.

Finally, the network’s performance is evaluated
using metrics such as MSE and R?. These metrics

provide a quantitative measure of how well the
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network can predict future global ice volume based
on past measurements.
2.1 Data selection and preparation

The foundation of this study is the global ice
volume dataset, a well-established time series in
paleoclimatology literature originating from the
work of Newton & North (1991). This dataset
contains 219 measurements that estimate global
ice volume over the past 440,000 vyears.
It’s important to note that these are not direct
measurements but are proxy-base d estimates
derived from geological records, designed to
capture the long-term glacial cycles of the Earth.
All modeling was implemented in

MATLAB R2024a. Before training, the data
requires specific preparation for the NAR network
architecture. This was handled using the preparets
function in MATLAB, which performs two critical
tasks:

¢ |Initial State Configuration: The function sets
aside the initial data points required to
populate the network’s feedback delays
(or “tapped delay lines”). For our model,
which uses delays of t-1 and t-2, the first
two data points are used to establish the
initial state.

e Data Restructuring: These initial values are
then removed from the training data, as
their information is now embedded in the
network’s delay lines. This ensures that the
network has the necessary historical
context to begin the prediction process
from the very first training step.

2.1.1 Dataset Limitations

While the global ice volume dataset is valuable
for modeling long-term climate trends, it is essential
to acknowledge its limitations to contextualize our
findings. The primary limitation is its temporal

sparsity. With only 219 data points spanning 440,000

years, the dataset provides an average of one
measurement approximately every 2,000 years. This
low resolution means that shorter-term or more
abrupt climatic fluctuations within the glacial cycles
are not captured. The model is therefore trained on
a smoothed, long-term representation of ice
volume changes.

Secondly, as proxy data, the measurements are
subject to inherent uncertainties. These can arise
from the original geological sampling, the dating
methods used, and the models used to convert raw
ice volume estimates.

geological signals into

While the dataset is a standard benchmark,
these potential biases are a factor in any analysis.
Our study’s results demonstrate the NAR network’s
powerful ability to model the clear, long-term
patterns present in this sparse data. However, the
predictive resolution is inherently limited by the
dataset’s granularity. More detail will be expanded
in section 3 later on.
2.2 NAR Network Architecture

The selection of a NAR neural network is justified
by the nature of the global ice volume dataset,
which is a single time-series. This type of network is
specifically designed to identify and model
temporal dependencies in sequential data by using
past values to predict future ones. The architecture
employs a feedback loop, which allows the
network to use its own predictions as inputs for
subsequent forecasts, making it suitable for
multi-step prediction. The model's configuration,
including a hidden layer of 10 neurons and
feedback delays of t-1 and t-2, was determined
through an

iterative experimental process to

balance accuracy and complexity, thereby
preventing overfitting.

We employ a NAR neural network, designed to
predict future values of a time series based solely

on its past values. The NAR network is instantiated
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in MATLAB using the narnet function. The network’s
architecture is defined by two key parameters:

1. Feedback Delays: These determine the
number of past time steps the network
considers for prediction. In our model,
we utilize delays of 1 and 2, implying the
network utilizes values from the previous
two time steps (t-1 and t-2) to predict the
current value (r).

2. Hidden Layer Size: This specifies the
number of neurons in the network’s

hidden layer, where complex patterns in
network

the data are learned. Our

incorporates a hidden layer with 10
neurons. The rationale for selecting these
specific parameters is detailed below.

2.2.1 Hyperparameter Selection

The selection of appropriate hyperparameters is
critical to building an effective neural network and
ensuring the robustness of the results. For our NAR
model, the key hyperparameters are the number of
feedback delays and the hidden layer size.

The optimal values for these were determined

through a systematic, iterative experimental

process aimed at finding a balance between model

accuracy and complexity to prevent overfitting.

® Feedback Delays: We experimented with

feedback delays ranging from 1 to 4.

A model with only one delay (t-1) was

insufficient to capture the historical
dependencies in the data. While using
three or more delays showed marginal
improvement, it significantly increased
model complexity without a proportional
gain in performance. The chosen delays of
1 and 2 provided the best performance on
the validation set, capturing sufficient past

information for accurate prediction.

® Hidden Layer Size: The number of neurons
in the hidden layer was varied, with

configurations ranging from 5 to 20

neurons. Networks with fewer than 10

neurons struggled to model the nonlinear,

cyclical patterns of the ice volume data,

leading to higher errors. Conversely,
networks with more than 15 neurons
began to show signs of overfitting the
training data, with performance on the
validation set ceasing to improve.

Based on this empirical tuning process, an

architecture with a hidden layer of 10 neurons and

feedback delays of 1 and 2 was identified as the

optimal configuration for this specific time-series

problem.

2.3 Network Training

The NAR network’s training process is as follows:

1. Data Division: The prepared time series
data is randomly partitioned into three
sets: 70% for training, 15% for validation,
and 15% for testing. This division facilitates
effective training, performance monitoring,
and unbiased evaluation of the final
trained network.

2. Open-loop Training: The network is initially
trained in an “open-loop” configuration.
In this mode, the network’s predictions are
not fed back as input during training.
Instead, the network relies solely on actual
past values from the time series to learn
fundamental patterns in the data.

3. Closed-loop Transformation: Post open-
loop training, the network is converted into
a “closed-loop” configuration for multistep
prediction. This configuration enables the

network to utilize its own predictions as

input for subsequent predictions, allowing
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for the generation of a prediction sequence

extending beyond the training data.

4. Training Algorithm: The network is trained
using the Levenberg-Marquardt backpropagation
algorithm (trainlm), a standard choice for
neural network training. The training

process includes early stopping to prevent
overfitting, halting when the validation
error begins to increase.

2.4 Network Evaluation

The performance of the trained NAR network is
evaluated as follows:

1. Network Output Calculation: The trained
network is used to generate predictions for
the test data.

network’s

2. FError Measurement: The

predictions are compared against the
actual target values in the test data to
assess prediction accuracy.

3. Performance Metrics: The network’s

overall performance on the test data is

quantified using metrics such as MSE and

R2.

3. RESULTS and DISCUSSION
The GUI of the system configuration is

shown in Figure 1

| Network Diagram

Training Results

Training finished: Met validation criterion @

Unit Initial Value | Stopped Value
Epoch 0 19 1000
Elapsed Time - 00:00:03 -
Performance 3 00112 0

Target Value

Gradient 977 0.00828 1e-07
Mu 0.001 1e-05 1e+10

Validation Checks 0 6 6

Figure 1 The GUI of NAR configuration in MATLAB.

The GUI provides a visual summary of the neural
network training process. The training process has
been

completed successfully and met the

predefined criteria for stopping. This usually
involves monitoring the network’s performance on
a validation dataset and stopping when the
performance starts to decrease, which prevents
overfitting. The table tracks various metrics during
the training process, including the number of
epochs, the elapsed time, the performance of the
network, the gradient of the performance function,
and a parameter used in the Levenberg-Marquardt
training algorithm.

The GUI also summarizes the algorithms and
settings used for training, including how the data
was split into training, validation, and testing sets,
the training algorithm used, the metric used to
evaluate performance, and whether calculations
were done using MATLAB’s core functions or MEX-
files. The buttons open plots that provide visual
insights into the training process, such as how the
performance metric changed over epochs, the
distribution of errors, the actual vs. predicted values
of the time series, the training state over epochs,
the predicted vs. actual target values to assess the
goodness of fit, and how the error changes over
time.

The GUI also shows that the NAR neural network
was trained for 19 epochs, and the elapsed time
was 00:00:03. The performance of the network was
0.0112, and the gradient was 1e-05. The validation
checks were 6, and the data division was random.
The training algorithm used was Levenberg-
Marquardt, and the performance metric used was
MSE. The calculations were done using MEX-files.

The NAR neural network architecture is shown

in Figure 2
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Figure 2 The NAR neural network architecture.
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Figure 3 The response plot of NAR neural network on the global

ice volume dataset.

Figure 3 depicts the architecture of a NAR neural
network, designed to predict future values in a time
series based on its past values (the global ice
volume dataset). The green box labeled “1”
represents the input layer, which receives the past
values of the time series. In this specific case, it
appears to be using two past values (t-1 and t-2)
as indicated by the two connections leading to the
hidden layer. The blue circles labeled “W?”
represent the weights connecting the input layer to
the hidden layer. These weights determine the
strength of the connections between the input
values and the hidden neurons. The blue circles
labeled “b” represent the biases in the hidden
layer. Biases are added to the weighted sum of
inputs to shift the activation function. The ‘+’
symbol represents the summation of the weighted
inputs and biases. The symbol ‘f* represents the
activation function within the hidden neurons. This

function introduces non-linearity, allowing the

10

network to learn complex patterns in the data. The
‘10’ indicates that there are 10 neurons in the
hidden layer. The second layer with “W”, “b”, ‘+°,
and a different ‘f* represents the output layer. It
functions similarly to the hidden layer but produces
the final prediction. The ‘1’ indicates that there is a
single output neuron, which predicts the current
value (t) of the time series. The connection from
the output layer back to the input layer (through
the delay blocks) is crucial for the NAR network. This
feedback loop allows the network to use its own
predictions as input for future predictions, enabling
multi-step forecasting.

Figure 3 shows the response plot that
demonstrates the NAR network’s performance on
unseen data and instills confidence in its ability to
make accurate predictions.

Figure 3 displays the time-series response plot,
which visualizes the NAR network’s performance by
comparing its predictions against the actual data.
The figure is divided into two subplots:

e The top subplot shows the network’s
predictions overlaid on the actual target
values. The blue line represents the
Targets (the true global ice volume

measurements), while the orange line

represents the Response (the predictions

generated by the trained NAR network). A

close alignment between these two lines

indicates high prediction accuracy.

e The bottom subplot explicitly visualizes
the Error, calculated as the difference
between the Target and Response values
at each time step. The error is plotted as a
blue line that fluctuates around a zero-
error centerline. This plot helps in

identifying any systematic biases or periods

where the model’s accuracy degrades.
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Figure 4 The training state of three different backpropagation

algorithms used in our experiment.

As observed in the figure, the orange Response line
closely tracks the blue Target line, confirming that
the model has successfully learned the primary
long-term trends in the ice volume data. The error
plot shows that most prediction errors are small
and centered around zero, although some larger
deviations are present, corresponding to the more

volatile periods in the time series.

The graph is divided into two sections: top
section (output and target): this section plots the
target values, outputs, and errors against time.
It gives a visual impression of how closely
the network’s predictions track the actual values;
bottom section (error): this section focuses
specifically on the error between the targets and
outputs over time. It helps to identify any
systematic biases or patterns in the errors.

As seen in Figure 3, the network generally
captures the time series trend, with the orange
output line closely following the blue target dots.
However, there are periods with larger errors,
evident from the larger yellow ‘+’ markers and
discrepancies between the blue and orange lines.
The bottom section shows errors fluctuating around
zero, suggesting no consistent over- or under-prediction.

Three different backpropagation algorithms
were employed to train the neural network model:
Levenberg-Marquardt, Bayesian Regularization, and
Scaled Conjugate Gradient. The training state,
regression, and performance plots of Levenberg-
Marquardt, Bayesian Regularization, and Scaled
Conjugate Gradient are shown in Figures 4, 5, and 6,
respectively. The experimental results are also

shown in Table 1

The performance of each algorithm was
evaluated based on MSE and R2. Lower MSE and

higher R? indicate better performance. The
Levenberg-Marquardt algorithm demonstrated the
best overall performance, achieving the lowest MSE
of 0.02257 at epoch 13 and the highest R?

of 0.99254.

Table 1 The experimental results.

Algorithm MSE Epoch R?
Levenberg-Marquardt 0.02257 13 0.99254
Bayesian Regularization 0.027209 4 0.99192
Scaled Conjugate Gradient ~ 0.01878 3 0.99018
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Figure 5 The regression plot of three different backpropagation

algorithms used in our experiment.

12

This suggests that Levenberg-Marquardt was
most effective in minimizing the prediction error
and capturing the variance in the time series data.
The Bayesian Resularization algorithm yielded an
MSE of 0.027209 at epoch 4 and an R? of 0.99192.
While its performance was slightly inferior to
Levenberg-Marquardt, it still achieved a high R?
indicating a good fit to the data. The Scaled
Conjugate Gradient algorithm reached an MSE
of 0.01878 at epoch 3 and an R? of 0.99018.

The achievement of a high R? value of 0.99254
with the Levenberg-Marquardt algorithm is a key
validation of this approach. This high R? value
suggests that the algorithm was highly effective at
capturing the variance within the time-series data.
When compared to traditional linear autoregressive
(AR) models, the superior performance of the NAR
network demonstrates the significant advantage of
using a nonlinear model to capture the inherent
complexities of glacial cycles. The model's accuracy
is competitive with, or exceeds, that of other
advanced time-series modeling efforts in
paleoclimatology, confirming that the NAR network
is a robust and effective methodology for this class
of problem.

To properly contextualize these performance
metrics, it is important to compare them against
relevant benchmarks in the field. The dataset used
in this study was first analyzed by Newton & North
(1991) using a linear AR model. While linear models
provide a valuable baseline, the cyclical and
complex nature of glacial periods suggests that they
may not fully capture the underlying nonlinear
dynamics.  Our  NAR  network’s  superior
performance, achieving a high R? of 0.99254 and a
low MSE of 0.02257, demonstrates the significant

advantage of using a nonlinear approach to model
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Figure 6 The performance plot of three different backpropagation

algorithms used in our experiment.

the inherent complexities within the ice volume
time-series data.

Furthermore, our model’s accuracy is highly
competitive when compared to other advanced
time-series modeling efforts in paleoclimatology.
For example, similar neural network techniques
applied to forecasting related paleoclimatic data,

such as sea-level fluctuations, have also shown

13

strong predictive power. The performance of our
model aligns with or exceeds the accuracy reported
in such studies, confirming that our application of
the NAR network is a robust and effective
methodology for this type of forecasting challenge.
This comparative analysis underscores that our
model provides a high-fidelity prediction for the ice
volume dataset and represents a state-of-the-art
approach for this class of paleoclimatic problems.

Beyond the technical performance metrics, the
climatological significance of this high-accuracy NAR
model is substantial. This predictive tool can serve
as a valuable and computationally efficient
component within larger, more complex climate
models. By accurately emulating the long-term
dynamics of global ice volume based on historical

data, it can provide rapid projections that would

otherwise  require  significant  computational
resources, aligning with modern efforts to
accelerate climate change modeling through

machine learning. Furthermore, our model provides
a crucial baseline for forecasting potential future
trajectories of glacial cycles. By extrapolating from
the learned historical patterns, our model offers a
projection of how ice volume might evolve if the
dynamics observed over the past 440,000 years
continue, serving as a reference scenario for climate
impact assessments. Its ability to capture the
nonlinear nature of these cycles makes it a
powerful instrument for both long-range climate
forecasting and for testing hypotheses about the
drivers of Earth’s glacial periods.

Our
achieving a high R? of 0.99254 and a low MSE of

NAR network’s superior performance,
0.02257, demonstrates the significant advantage of
using a nonlinear approach to model the inherent
complexities within the ice volume time-series data.
model’s accuracy is highly

Furthermore, our

competitive when compared to other advanced
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time-series modeling efforts in paleoclimatology.
For example, similar neural network techniques
applied to forecasting related paleoclimatic data,
such as sea-level fluctuations, have also shown
strong predictive power. The performance of our
model aligns with or exceeds the accuracy reported
in such studies, confirming that our application of
the NAR network is a robust and effective
methodology for this type of forecasting challenge.
This comparative analysis underscores that our
model provides a high-fidelity prediction for the ice
volume dataset and represents a state-of-the-art

approach for this class of paleoclimatic problems.

4. CONCLUSION

This study successfully demonstrated that a
standard Nonlinear Autoregressive (NAR) neural
network can model long-term global ice volume
changes with exceptionally high fidelity, achieving
an R-squared (R?) value of 0.99254 using the
Levenberg-Marquardt  algorithm. The  primary
contribution of this work is not simply identifying
the optimal algorithm, but establishing a robust and
reproducible baseline for this type of paleoclimatic
forecasting. This research validates that an
accessible modeling technique, readily available to
a broad scientific audience, is sufficient for
modeling complex, long-term glacial cycle data
with high precision.

For the modeling community, this provides a
crucial benchmark, demonstrating the power of
established tools for this specific class of problem.
For climatologists, it offers a validated method for
generating high-fidelity baseline forecasts. These
projections, representing the continuation of
natural historical cycles, can serve as valuable
inputs or comparative models for more complex
climate simulations that aim to disentangle natural

variability from anthropogenic forcing.

14

As a foundational proof-of-concept, this work
opens several avenues for future research. Building
upon this robust baseline, future models could

incorporate key exogenous variables, such as

atmospheric  CO3 concentrations and orbital

parameters, to further investigate the drivers of

climate change. Additionally, exploring other

architectures like Recurrent Neural Networks (RNNs)
could reveal more nuanced temporal dynamics

within the data.
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ABSTRACT

This study presents the development of a low-cost experimental kit to investigate the ideal gas law using a K-type
MAX6675 thermocouple and MPX5700AP pressure sensor interfaced with an Arduino microcontroller. The kit enables real-time
measurements and LCD display of pressure and temperature data, making it suitable for classroom demonstration and inquiry-
based learning. Experiments based on Boyle’s law and the combined gas law were conducted, and the data showed a high

correlation with theoretical predictions. The calculated error in the gas constant was only 0.08%, and the estimated system

volume was 2.03 cc, and also the number of moles of gas was 2.30 x 10_3 moles. Compared with existing commercial kits, the
proposed design is more cost-effective, portable, and educationally versatile. The findings support the pedagosgical value of using

microcontroller-based sensors in physics education.
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1. INTRODUCTION

The combined gas law merges three
fundamental gas laws: Boyle’s law, Charles’ law,
and Gay-Lussac’s law, which describe the
interdependence of pressure (P), volume (V), and
temperature (T). Boyle’s law states that at constant
temperature, the pressure of a gas is inversely
proportional to its volume. This principle is directly
investigated in our kit through controlled syringe
compression (lvanov, 2007). Charles’ law describes
how, at constant pressure, gas volume increases
with temperature. Although constant pressure was
not explicitly maintained in this experiment, the
effect of volume changes on temperature is
partially observed (Limpanuparb et al., 2018). Gay-
Lussac’s law indicates that gas pressure increases
with temperature when volume is held constant.
This is evident in our results when evaluating
pressure changes as temperature increases ( Zidny
et al,, 2019; Chandan & Cascella, 2022; Metzger et
al., 1989).

Several studies have proposed various
approaches to teaching gas laws using cost-effective
apparatus and microcontrollers ( Limpanuparb et
al,, 2018; Zidny et al.,, 2019, Chandan & Cascella,
2022; Metzger et al,, 1989). Consequently, many
setups either lack real-time digital feedback or
require more expensive instrumentation. Our work
builds upon these efforts by integrating pressure
and temperature sensors with Arduino to provide
educational

both quantitative accuracy and

accessibility.

2. EXPERIMENTAL DESIGN

Fabricating a gas law experiment set using
pressure and temperature sensors with Arduino was
divided into three parts

» Studying and testing the sensors and

experimental piping system.

« Writing a program and designing the circuit for
the gas law experiment set.

« Conducting experiments to determine volume,
pressure, and temperature using the gas law
experiment set.

To test the reliability of the sensor model, the
pressure sensor circuit, temperature sensor, and
LCD screen were connected to the Arduino board.
Subsequently, the readings of the sensor were
analyzed and displayed on the LCD screen
according to Figure 1(a) The kit was assembled by
attaching a 60cc syringe and an MPX6700AP
pressure sensor head to a tube that had been
drilled through on both sides (Onose et al., 2000;
Parks & Cao, 2008). A MAX6675 K-Type
thermocouple temperature sensor head was then
plugged into the threaded side pipe, shown in
Figure 1(b) The air pressure inside the syringe was
tested by increasing and decreasing its volume. If
no air leakage was detected outside the workpiece,
it indicated that the workpiece was usable.

A program was written to control the gas law
sensor circuit. It contained a series of commands
that were transferred to the Arduino IDE software
on a computer. After being uploaded, the program
was executed on the Arduino board to operate the
sensor circuit for the gas law experiment set.
Schematic diagram of the Arduino program is shown
in Figure 1(b).

To begin using the Arduino program, open it and
enter the necessary codes. The codes include the
LCD receiver code, the pressure sensor receiver
code for the MPX5700AP model, and the
temperature sensor receiver code for the MAX6675
Type-K model. Additionally, enter the experimental
receiver code. Once the codes have been entered,
select Port COM and run the program. The program
will display the value obtained from the sensors on

the connected LCD screen.



Journal of Applied Science and Emerging Technology (JASET) Vol. 24, No. 2 [2025]: €260523

LED sercen

MAXG67S Module
X tpe Temperature
0 05 syinge

Pressure sensor receiver

Temperature sensor
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Experimental kit signal code
Select port COM
Run the program

Show the value on the LCD

Finish work

Figure 1 show (a) Sensor circuit connection (b) Connecting the test

set and (c) Schematic diagram of the Arduino program.
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Figure 2 Relationship between pressure and volume for different
syringe settings. The curve illustrates the inverse proportionality

described by Boyle’s law.
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Figure 3 Linearized plot of pressure vs. 1/volume for verifying

Boyle’s law.

3. DATA ANALYSIS
3.1 Boyle's Law

An experiment was conducted to investigate the
relationship between the volume and pressure of
a gas at a constant temperature. The syringe used
in the experiment had an initial volume of 60 cc.
The piston of the syringe was then compressed to

volumes of 50, 40, 30, and 20 cc. The results of the

experiment were recorded and can be found in
Table 1.

Figure 2 shows a hyperbolic curve that
represents the relationship between pressure and
volume of gas. However, this relationship cannot be
determined conclusively using Boyle's law
equation. Therefore, experimental results were
plotted to create a linear graph in Figure 3 that
shows the relationship between pressure and
volume of a gas (Haider & Zafar, 2013; McGregor et
al,, 2012).

The pressure—volume data exhibited a hyperbolic
pattern in Figure 2 , confirming the inverse
relationship described by Boyle’s law. When
transformed into a plot of V versus 1/P, the linearity
of the graph further supported the theoretical
results are consistent with the

(2019),

model. These

findings of Limpanuparb et al who

demonstrated similar behavior using a water
column-based setup (Limpanuparb et al., 2018). In
comparison, our Arduino-based kit enhanced both
precision and usability through digital sensor
integration. From Figure 3, the relationship is
described by the equation y=5.878x-2.2037, where
the slope approximates nRT. Given the air density
at 1 atm (1.18 kg/m?) and a molar mass of 29 g/mol,
the experiment—conducted at 299 K—yields

results that closely match ideal gas behavior.

=PV POV
M M M

Given: n=

1.18(60 4+ 2.2037)x10 °

29x10 °

Simplifying the expression n = 2.53x10~>mol

slope 5.878

TofindR: R=

T 2.53x10 °(299)
R=7.7703J / mol - K

The theoretical value of the gas constant, R, is
8.314 J/molK. Therefore, the corrected error

percentage is 6.997 % (Colclough, 1979).
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Table 1 Start typing a description here.

volume

pressure (kPa)

(o 1 2 3 4 o
(kpa®)
60 93.57 93.57 93.57 93.57 0.00  0.01069
50 114.00 11434 11334 11389 051 0.00878
40 140.71 13995 139.42  140.03 0.65 0.00714
30 185.56  184.80 184.04 184.80 0.76  0.00541
20 25774 257.02 25775 25750 0.42  0.00388
Table 2 Experimental results of the ideal gas law.
pressure (kPa)
volume
( 1 2 3 average 5.D.
40 93.57 93.57 93.57 93.57 0.00
20 188.34 189.96 188.08 188.79 1.02
volume Temperature (Kelvin)
(CO) 1 2 3 average  S.D.
40 303.50 303.25 303.50 303.42 0.14
20 305.25 306.00 306.50 305.92 0.63

# Ratio of T/P(60cc)

60 = 19. -1
@ Ratio of T/P(40cc) y = 19.144x - 1.9233

y =12.62x - 0.995
30
20

2.2

1.8 2 2.4 2.6 2.8 3 3.2 3.4

T/P (kPa)

Figure 4 Relationship among pressure, volume, and temperature
using experimental data.
3.2 Combined gas law
Experimental data for the ideal gas law is presented
in Table 2. The table shows the values for volume,
pressure, and temperature from three separate
trials, along with their averages and standard
deviations.

To determine the constant k, which represents
the relationship between pressure, volume, and
temperature in an ideal gas, we use the equation
k = PV/T. We can also apply the total gas law

equation, which states that

k, =k, 2
or PV, PV, (3)
T1 TZ

Using the experimental data, we find that K, is
equal to 12.33 kPa.cc/K, and K, is equal to 12.34
kPa.cc/K. We can also examine the relationship
between the product of volume and pressure
divided by temperature in the first state, which
remains constant during the transition to the second
state (Rozhnov et al., 2020). By calculating the
percentage error of the constant obtained from the

experiment, we determine that it is equal to 0.08 %.
3.3 Ideal Gas Law

The Ideal Gas Law is discussed in Figure 4 depicts the
relationship between the volumes, pressure, and
temperature.

The black dot represents the temperature/pressure
value at an initial volume of 60 cc, while the red dot
represents the temperature/pressure value at an
initial volume of 40 cc. The linear relationship
between temperature and pressure at an initial
volume of 40 cc can be represented by the equation
y =19.14394x - 1.92327, and at an initial volume
of 60 cc by the equationy = 12.62015x - 0.99508,
as illustrated in Figure 4. To determine the total
volume of the gas law experimental set, Table 2
values can be utilized by employing the equation

nRT
P

V= (4)

where nR is the slope of the curve. This calculation
results in finding the V of the test tube to be 2.03
cc. Furthermore, by using the equation n=slope/R,
where R is the gas constant (8.31 J/K.mol), the
number of moles of gas within the gas law
experiment set at an initial volume of 60 cc can be
computed to be 2.30x10°° moles. These findings
are significant as they provide a more precise
understanding of the properties and behavior of

gases and help in interpreting the observed trends
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and relationships between volume, pressure, and

temperature (Jureschi et al., 2016).

4. CONCLUSIONS

The results confirm that the developed
experimental kit successfully demonstrates key
principles of gas laws, including Boyle’s law and the
ideal gas law. The observed relationships between
pressure, volume, and temperature align closely
with theoretical models, with minimal experimental
error. The gas constant R obtained from the
experiment was 7.7703 J/mol-K, with a percentage
error of only 0.08%. Additionally, the number of
moles of gas calculated from the data was 0.0023
moles. The kit's design, incorporating Arduino-based
pressure and temperature sensors, enables
accurate and repeatable data collection. Moreover,
the low cost and simplicity of construction make it
an ideal tool for hands-on physics education.
Compared to conventional setups, this kit offers
greater accessibility and instructional value,
highlighting its potential impact on science teaching

and learning.
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ABSTRACT

Diabetes-related vascular problems might result from persistent hyperglycemia, and individuals with diabetes have
an increased risk of blood clot formation compared to healthy controls. Anticoagulant drugs are medications used to dissolve
blood clots; various agents have been employed to improve platelet function and minimize thrombosis in these patients.
Medicinal plants can be used as alternatives with potentially fewer side effects. Interestingly, Astragalus membranaceus (also
known as Huanggqi) extract was obtained for in vitro investigation. This study aimed to assess the anticoagulant impact of
Huanggi on human plasma. The research focused on prothrombin time (PT) and activated partial thromboplastin time (aPTT)
among diabetic patients. /n vitro anticoagulant effects were evaluated using plasma treated with the extract, while DMSO
served as a negative control. The results showed that the baseline PT in untreated plasma from the healthy group was 11.79
seconds, compared to 11.69 seconds in the diabetic group. A significant difference (P<0.05) was observed between healthy
donors and diabetic patients; the mean aPTT in diabetic patients was 26.03 seconds, while in controls, it was 28.52 seconds.
The present study highlighted the potent antithrombin effect of Huangqji extract at a dosage of 50 mg/ml. The PT and aPTT
assays were significantly prolonged by Huanggi (P<0.001), demonstrating effective anticoagulant activity. This suggests that

Huanggi may benefit patients who are at high risk of thrombosis.

KEYWORDS: Astragalus, Coagulation, Diabetes mellitus, Hemostasis
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1. INTRODUCTION

The most prevalent type of diabetes in Thailand
is non-insulin-dependent diabetes (type 2 diabetes),
which is found worldwide and continues to
increase. This is due to lifestyle changes that
contribute to factors leading to the disease, such as
being overweight or obese, which prevent the body
from effectively using glucose. There has been
ongoing research for herbs that can help the body
restore glucose homeostasis. In individuals with
diabetes, disturbances in glucose homeostasis can
lead to platelet activation and coagulation
disorders.  Vascular  damage  caused by
hyperglycemia can increase the risk of thrombosis.
Although the use of antiplatelet drugs (e.g., aspirin)
and anticoagulant drugs (e.g., anti-Xa agents) is well
established in diabetic patients, the optimal
treatment strategies remain controversial. (Li et al,,
2021). Research shows the benefits of Thai and
Chinese herbs in treating diabetes. Key examples
include the effect of Moringa oleifera leaves on
insulin secretion in the blood and the use of
Huangqi (Astragalus membranaceus) extract to
enhance insulin sensitivity (Thippayacharoentam et
al., 2022; Liu et al., 2010). Long-term consequences
of type 2 diabetes encompass thrombosis, platelet
hyperactivity, and systemic inflammation (Kaur et
al., 2018). Traditional Chinese medicine has been
used in conjunction with Western medicine to treat
diabetic nephropathy in recent years. Additionally,
studies have revealed that Huanggi provided
therapeutic benefits for renal failure associated with
diabetes (Liao et al., 2017). The roots of Astragalus
contain  flavonoids, saponins, polysaccharides,
amino acids, and trace elements, which vary among
different species (Ma et al, 2002). Astragalus
membranaceus (Huangqi) is well-known for its
major benefits, which include nourishing the body,

lowering excessive perspiration, promoting blood

formation, reducing inflammation, and aiding in
wound healing. Clinical studies have demonstrated
its use in treating a variety of illnesses, including
hypothyroidism, diabetic control, and coronavirus-
related respiratory infections (Law et al., 2020). In
addition, it has been revealed that Astragaloside IV
which is a principal active component of Huangqi
prevents thrombosis via binding to prothrombin,
according to target analysis using a computer-
docking program. Research in cultured HUVEC also
demonstrates increased fibrinolysis by activating t-
PA and decreasing PA-l (Tang et al, 2021).
Although Huanggi has shown promise in decreasing
blood pressure, cholesterol, blood sugar levels,
proteinuria, and inducing thrombolysis (Liao et al,,
2017; Sabeena et al., 2020), there is still a scarcity
of thorough evidence on its side effects in human
trials. The exact processes by which Huangqi
improves clinical outcomes in diabetes mellitus
and has immunomodulatory effects in lung disease
are still not well understood. (Guo et al., 2025).
Furthermore, while this herb was marketed as safe,
more research is required to fully understand the

long-term effects and potential interactions of the

main  ingredient (Astragalus  polysaccharide),
particularly in susceptible people.
Prothrombin ~ tme  (PT),  activated  partial

thromboplastin time (@PTT), and platelet count are
all required to assess patients with suspected
abnormal bleeding. Although Boshabor (2022)
discovered that diabetes mellitus had no effect on
platelets, Abdulrahaman et al. (2012) reported that
abnormal PT and aPTT could be found in untreated
diabetic individuals. The purpose of this study is to
evaluate blood coagulation levels between healthy
individuals and those with diabetes, with a focus on
understanding differences in clotting mechanisms.

Additionally, this research investigates the effects of
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Table 1 Clinical features of individuals are classified by gender and disease type.

Diabetic patients

Healthy donors

Characteristics

Frequency (Percentage)

Frequency (Percentage)

Male 7 (38.9%) 9 (50.0%)
Female 11 (61.1%) 9 (50.0%)
Age range 41-74 years old 20-24 years old

Frequency of exercise Everyday

Sometimes

Raely 2(11.1%) 4(22.2%)
12 (66.7%) 9 (50.0%)
4(22.2%) 5 (27.8%)

DM alone 6 (33.3%)

DM and lipidemia 3 (16.7%)

DM and kidney disease 2 (11.1%)

DM and hypertension 4(22.2%)

DM, lipidemia and hypertension 2(11.1%)

DM, kidney disease andhypertension 1(5.6%)

PT (mean+S.D.)

11.69+1.69 sec.

11.79+0.84 sec.

aPTT (mean+S.D.)

26.03+2.17 sec.

28.52+3.47 sec.

Huangqgi extract on thrombus formation in both

groups.

2. MATERIALS AND METHODS
2.1 Preparation of plant extracts

The finely ground drug, Astragalus plant material
was purchased from Jew Ngek Tueng pharmacy
company limited in Bangkok, Thailand. The plant
sample (20 g) was weighed into a Soxhlet extractor
thimble and placed in the extraction. Ethanol was
used as the solvent, with a herb-to-solvent ratio of
1:15. A heating mantle was used to reflux the
mixture at 78 °C for 2 hours. The extract solution
was allowed to cool to room temperature, filtered
using Whatman No. 1 filter paper, and concentrated
to dryness using a rotary evaporator under the
following conditions: vacuum in 175 mbar and
water bath 40 °C for 3 hours. Once the
concentrated crude extract was obtained, it was
weighed and stored in an amber bottle. Finally, the

vial was chilled, and a stock solution (500 mg/ml)

was prepared in 40% DMSO for later use.

2.2 The subjects studied

The study was conducted in accordance with
approval by the Human Research Ethics
Committee, Huachiew Chalermprakiet University
(Approval number HCU-EC1497/2567). The donors
were recruited with the following criteria.

(a) Healthy subjects were people aged 19-22
years old who were studying at Huachiew
Chalermprakiet University. The inclusion criteria
included being free from disease, not suffering from
any noncommunicable diseases (NCDs), having no
history of coagulation disorders, and no recent use
of medication.

(b) Diabetic patients (DM) aged 40-75 years old
who were receiving treatment from doctors at
Samutsakhon Hospital in Thailand were recruited
for this study.

Exclusion criteria included donors taking
medications that affect the blood system, such as
warfarin, aspirin, and oral contraceptives, as well as
those who smoke or consume alcohol regularly.

The sample size of 36 participants, comprising

18 healthy individuals and 18 diabetic patients, was
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Figure 1 In-vitro study of anticoagulant effects (PT: 1A, aPTT 1B) of
Huanggi extracts at various concentration (N=5; single experiment). In
each condition, the untreated PT plasma was not significantly
different from the control DMSO. Notably, when compared to
untreated plasma, DMSO in plasma had a minor effect on clotting
time but no statistically significant difference (P>0.05). Both PT and

aPTT indicated prolongation when treated with Huanggi 20 and 50

determined based on a priori power analysis using

G*Power software (version 3.1.9.7).

2.3 Coagulation assay and control test

To evaluate the antithrombogenicity of this
extract, PT and aPTT were measured by a semi-
automated blood coagulation analyzer CA-50
(Sysmex Corp., Kobe, Japan) as follows (Xiang,
2014). First, trisodium citrate blood was centrifuged
at 3,500 rpm for 15 minutes to obtain platelet-poor
plasma (PPP). Next, a sample of 50 L plasma was
placed in a cuvette and incubated at 37 °C for 3
minutes. After that, 100 (L tissue thromboplastin
(Thromborel S, Siemens Healthcare Diagnostics
GmbH, Germany) was added, and finally the PT was

determined.

The 50 [L aPTT reagent (Actin FS, Siemens
Healthcare Diagnostics GmbH, Germany) was added
into 50 (L plasma and incubated for an additional
3 minutes. CaCl, (0.025 M) was then added to
initiate the coagulation cascade, and the aPTT was
measured as the time required to form a fibrin clot.

To ensure that the semi-automated blood
coagulation analyzer was functioning properly, Ci-
Trol  control plasma (Siemens  Healthcare
Diagnostics GmbH, Germany) was tested as part of
the experimental design. Our laboratory has normal
ranges for PT and aPTT, as 11.95+1.25 seconds and
26.62+2.19 seconds respectively. To serve as a
positive control, commercial heparin was acquired
from Troikaa (India) and diluted in distilled water
before being added to plasma (final concentration
4.5 [g/ml). The test tubes were prepared with the
following conditions: 50 L of untreated plasma,
40% DMSO (5 UL of DMSO plus 45 UL of plasma),
and 50 mg/ml Huanggqi (5 UL of Huanggi stock plus

45 UL of plasma).

2.4 Statistical analysis
All values are expressed as mean + standard

deviation  for all  experiments.  Statistical

comparisons were made using the IBM SPSS
statistics 30.0 (Student version).

The analysis was conducted under the
assumption of a two-tailed paired t-test with an
alpha level of 0.05 and a desired statistical power
of 0.90. This high level of power was selected to
ensure a strong potential for detecting true effects,
thereby minimizing the risk of Type Il errors. Based
on these parameters and an expected medium
effect size (Cohen’s dz = 0.6), the required sample
size was calculated to be 32 participants. The actual
sample size used in this study (n = 36) exceeded

this requirement, further enhancing the reliability

and robustness of the statistical conclusions.
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Figure 2 Effect of Huanggi extracts (50 mg/ml) on prothrombin time in
2B): Plasma

human plasma. (2A): Plasma conditions of healthy donors,
conditions of diabetics subjects. A paired t-test revealed a significant
difference  (**P<0.001) between Huanggi and the DMSO tube.
As calculated, the proportion of increment prolongation was 27.1% in

HQl-treated healthy plasma and 26.8% in HQl-treated DM plasma.

3. RESULTS AND DISCUSSION

The results of the history-taking in a sample
group of healthy individuals, from a total of 18
respondents, as shown in Table 1, revealed the
following: there were 9 females and 9 males. The
average age was 21.22+0.81 years. The diabetic
group also consisted of 18 participants, including 11
females and 7 males, with an average age of
55.39 + 9.68 years. This study included diabetic
patients who were receiving modern medical
treatment. Furthermore, some patients had
comorbidities such as hypertension, hyperlipidemia,
and kidney disease.
3.1 Comparison of PT and aPTT between
patients and healthy controls

An independent t-test was used to assess the

mean difference in PT and aPTT values between

diabetic and healthy groups. Baseline PT and aPTT
levels in samples are shown in table 1. For PT, the
difference between diabetic group and healthy
donors was not significant (P>0.05). However, our
showed that diabetic

study patients  had

significantly  lower

individuals (P < 0.05). Notably, shortened aPTT

aPTT scores than healthy

levels may be associated with coagulopathy in
diabetes (mean aPTT in healthy individuals =28.52
seconds; DM=26.03 seconds).
3.2 Optimal dosage of Huangqi extract for
coagulation tests

Preliminary experiments were conducted in five
healthy donors to determine the optimal Huanggi
concentration for use in our study. The baseline
mean for PT value (12.0+0.5 seconds) and aPTT
value (27.7£2.0 seconds) of five donors were
indicated as untreated plasma (Figure 1). Huanggi
extract showed prolonged PT in a dose dependent
manner (concentration 5-50 mg/ml). As a negative
control, plasma treatment with DMSO resulted in
PT values of 11.9, 12.0, and 12.3 seconds. Huangqi
treated plasma at various doses increased PT from
12.9 to 14.8 and 17.8 seconds, respectively (Figure
1A). The extract also showed concentration
dependent anticoagulant properties as assayed by
aPTT. The aPTT in extract-treated plasma at doses
ranging from 5 mg to 50 mg/ml increased to 29.6,
33.2, and 41.5 seconds, whereas in the DMSO
control it was approximately 28.4, 29.8, and 31.2
seconds (Figure 1B). Bars marked with an asterisk
(HQI) showed significant difference compared to
40% DMSO (cont.DMSO) Here, we selected a dose
of 50 mg/ml Huangqi extract as a test and used
heparin 4.5 (g/ml as a standard drug for
comparison.
3.3 Effect of Huangqi extract on coagulation test

In a single experiment, the coagulation test was

performed on each sample. The baseline values of



Journal of Applied Science and Emerging Technology (JASET) Vol. 24, No. 2 [2025]: €260143

3A

Healthy=18

200.0 180.0

150.0

100.0

aPTT (sec.)

50.0 28.5

0.0
Untr. aPTT DMSO aPTT HQI aPTT Hep aPTT

3B
DM=18

180.00

200.0

150.0

100.0

aPTT (sec.)

k%
43.4
50.0 26.0 29.3 -

m B

Untr. aPTT DMSO aPTT HQI aPTT  Hep aPTT

Figure 3 Effect of Huanggi extract (50 mg/ml) on activated partial
thromboplastin time in human plasma. (3A): Plasma conditions of
healthy donors, (3B): Plasma conditions of diabetics subjects. Here, all
condition tubes were tested in one replicate. A paired t-test was used to
compare the tube containing Huanggi with the DMSO treated plasma
(**P<0.0001). The calculated percentage of increment prolongation in

HQl-treated healthy plasma was 21.9%, while in HQI-treated DM plasma,

PT and aPTT were measured as untreated plasma
(plasma alone). DMSO-treated plasma was used as
a negative control. In addition, plasma was treated
with heparin as a positive control.

3.3.1 Anticoagulant effect of Huangqi
extract on partial thromboplastin time
At a dose of 50 mg/mL, significant increase in PT
was observed both in normal and patients (Figure 2).
Huanggi extract markedly increased the PT
compared to the control DMSO. (2A: **P<0.001, 2B:
**P<0.001).

3.3.2 Anticoagulant effect of Huangqi
extract on activated partial thromboplastin time
Anticoagulation potential of 50 mg/ml Huanggi was

observed in vitro using the aPTT test(Figure 3).

Huanggi significantly increased compared to the
DMSO control (Figure 3A: **P<0.001, 3B: **P<0.001).

As illustrated by figures 2 and 3, in the healthy
group, plasma treatment with Huanggi (50 mg/ml)
raised PT and aPTT from baseline values by 44.1%
and 42.8%, respectively. Overall, the extract
prolonged PT and aPTT in the patient group by
40.0% and 66.9%, respectively.

Prolongation of PT and aPTT revealed that
Huanggi inhibits the extrinsic pathway (coagulation
factor Vlla) and the intrinsic pathway (coagulation
factors Xlla, Xla, [Xa, and Vlla), respectively. This
plant extract may also suppress other coagulation
cascades in the common pathway, comprising
factor Xa, thrombin, and fibrin (Tripatara and

Chumpia, 2004).

4. DISCUSSION

Our work clearly demonstrated the prolongation
of clot formation via both the intrinsic and extrinsic
pathways by Huanggi extract. Figure 2 shows that
the percentage increase in PT prolongation was
26.8% in HQl-treated DM plasma and 27.1% in HQI-
treated healthy plasma. Accordingly, as shown in
Figure 3, percentage increase in aPTT prolongation
in HQl-treated healthy plasma was 21.9%, whereas
it was 32.5% in HQI-treated DM plasma. This recent
study supports the findings of Liu et al. (2025),
which indicated that Huanggji, in combination with
Honghua (Carthamus tinctorius), may have anti-
thrombotic properties by promoting the removal of
blood stasis in ischemic stroke rats. In the same
way, a previous study by Mazhar et al, (2020)
revealed that extract from Astragalus genus (A.
sarcocolla) exhibited in vitro anticoagulant activity,
potentially paving the way which could combat
cardiovascular diseases.

The main components of the Astragalus genus

include flavonoids and saponins (Li et al.,, 2014).
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Astragalus sarcocolla was noted for its antiplatelet
and anticoagulant properties (Mazhar et al., 2022).
Our research has validated the in vitro
antithrombotic potential of the Astragalus plant.
Therefore, many Astragalus species have been
widely used in traditional medicine for their

antiviral,  antioxidant, and  cardioprotective

properties, as well as in preventing typical

consequences from diabetes, such as damage to

the kidneys, blood vessels, and nerves.
(Danthaiwattana et al., 2021; Law et al, 2020).
Astragaloside IV (AS-IV), one of the major

components of the aqueous extract of Astragalus

membranaceus, has been reviewed for its
pharmacological effects, including neuroprotection,
liver protection, anti-cancer, and anti-diabetic
properties (Zhang et al,, 2020). Hence, Cai et al.
(2025) identified AS-IV as a potent inhibitor of von
Willebrand factor-binding protein, which is involved
activation

in  prothrombin and disrupts the

coagulation factor cascade. Therefore, AS-IV
effectively prolongs coagulation time and reduces
the virulence of Staphylococcus aureus, a virulent
bacterium that evades host immune responses.
These findings are relevant to our study, which
confirms the effect of Huanggi extract on the
prolongation of PT and aPTT.

Primary hemostasis (platelet plug formation)
and secondary hemostasis (fibrin clot formation) are
two essential steps in the blood clotting process.
Subsequently, thrombotic blockages are dissolved
through fibrinolysis (Tripatara and Chumpia, 2004).
The fibrinolytic activity of Huanggi was also tested
using the euglobulin lysis time and clot lysis assays
in healthy blood (data not shown). As anticipated,
Huanggi-treated samples showed increased fibrin
clot lysis and mild hemolysis in clotted blood,
which aligned with the findings of Kim (2012) and

Sabeena et al. (2022), respectively. Nevertheless,

the methods described above are rarely used for
routine analysis in hematology laboratories.

Due to the limited volume of blood available
for testing, this study was unable to perform
fibrinolysis tests in diabetic individuals. This
limitation reduces the scope of the findings, as
including diabetic subjects could have provided
more information about the thrombolytic efficacy
of Huanggi extract in a group at risk of coagulation
problems. Future studies with larger sample sizes
and duplicate experiments are recommended to
allow a more thorough investigation across various
patient groups. Here, we suggest that testing blood
clotting time and performing a clot lysis test using
a modified method, as previously described by
Janwitayanuchit I. et al. (2024), could serve as an
alternative approach.

Aspirin is a cornerstone of antiplatelet therapy
for cardiovascular thrombotic disorders. As a result,
many patients on long-term aspirin therapy are
required to co-administer gastric-protective agents
or switch to alternative anti-platelet drugs (Chen et
al., 2025) Our findings suggest that Huangqi extract
could serve as a promising therapeutic option for
alleviating the side effects of patients with long-
term aspirin use. However, further investigation is
needed to determine the optimal dose that
balances antiplatelet and antithrombotic effects.
Maschirow et al. (2015) discovered a link between
inflammation and  coagulation  during the
asymptomatic stage of diabetes. To the best of our
knowledge, this study demonstrates the potential
of Huangqgi for long-term disease prevention,
particularly in preventing endothelial impairment
associated with diabetes, which can lead to
prothrombotic events. Importantly, Huanggi should
be used in conjunction with conventional medical

treatments under the guidance of healthcare
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professionals to minimize potential risks associated

with herbal use.

5. CONCLUSION

This investigation showed significant effects on
coagulation in vitro, with Huanggi extract (at a
concentration 50 mg/ml) able to prolong PT and
aPTT. By considering the above characteristics, the
study discovered Huanggi's potential therapeutic
effects on blood coagulation, which could lead to
new approaches for managing thrombosis in high-
risk groups. However, further studies on the toxicity
of the crude ethanol extract of the herb should be
conducted to ensure that the active compounds
derived from the Huanggi herb can safely reduce
blood clotting in diabetic patients with vascular
complications.

Differences in growing conditions, harvesting
schedules, and processing techniques could result
in variations in the Huanggi extract. These
differences may impact the concentration of active
ingredients such as saponins and polysaccharides,
which may impact the herb’s efficacy. Overall,
Huangqi appears to have few negative effects when

taken appropriately; nonetheless, excessive doses

may interfere with immunosuppressive medications.
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ABSTRACT

Acid-fast staining of sputum is a simple and widely used method for diagnosis of pulmonary tuberculosis worldwide.
This method is high specificity but requires the expertise of the operator in analysis. Therefore, quality assurance of the testing
method is essential, with sputum smear slides used as one of the quality control materials. This study aimed to develop a
method for the preparing sputum smear slides using cultured acid fast bacilli (AFB) which were dispersed by filtration through
a polyvinylidene fluoride (PVDF) nanofiber membrane coated with polyvinyl alcohol (PVA). Four types of the homemade
nanofiber filters as 2Hz 8M, 2Hz 4M, 3Hz 8M and 3Hz 4M with a porosity of up to 99.98 percent and filter thicknesses of 158,
222, 48 and 81 micrometers, respectively were compared for filtration efficiency. When used to filter AFB, the 2Hz 4M PVDF
membrane produced sputum smear slides with a high number of single AFB (averaging 4.0 + 2.8 cells per oil power field) and
small clusters of 2-5 AFB per cluster (averaging 4.67 + 0.2 clusters per oil power field). The proportion of single AFB by the
2Hz 4M was higher than the number of AFB clumping in clusters compared to the use of other types of filters. In the
preparation process of sputum smear slides, the concentration of AFB could be adjusted to give the result of AFB 3+, AFB
2+, and AFB 1+ according to the World Health Organization's reporting criteria by diluting AFB at a 1:10 ratio for each reporting
level. This prepared slides closely resembled the actual patient sputum, showing leukocytes and welled-dispersed single AFB
under microscopic examination. This study is the first to apply nanofiber membrane filtration for dispersing AFB in sputum
smear preparation. This method is simple, practical, and suitable for use in quality assurance of acid-fast staining in clinical

laboratories as well as in training healthcare personnel.

KEYWORDS: Sputum smear slide, Polyvinylidene fluoride nanofiber, Acid fast bacilli
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;JLﬂTfmﬂmagmmu Anadganmstudeainnslowny
ﬂiaaLLﬁa%ﬁmmmﬁquﬁ 2 wurmslaununseswin
2Hz AM uay 2Hz 8M Snnsnszanedaveade AFB fif
Zﬁ‘LGTJ%IE]LLU‘LJGT’JLaEJ’JSUOWU’Ju&J’]ﬂLLﬁzWULﬁUQﬂ’]iLmzﬂq‘M
LUU Group code A (§1u3u 2-5 fanenga) Fannsine
ﬂaql:umefﬁawuiwﬁﬁaaﬂiwﬁwumﬂLwiuﬂiawﬁm 3Hz
aM, 3Hz 8M waznsEAENToNTIMEYE dIUNANTS

nyaalngluwaunToIviin 3Hz 4M way 3Hz 8M WUAS
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A5 1 ANUMULRdY (Thickness) WagAIUNTU (Porosity) YasuKUNTa: PVDF

uHuN329 PVDF Aamunade+SD (lulasuns) AMUNTURRYLSD (%)

2Hz 4M 158+0 99.9833+0
2Hz 8M 22240 99.9832+0
3Hz 4M 48+0 99.9841+0
3Hz 8M 81+0 99.9805+0

A919N 2 UAAIANAINYUTIBUINIAY McFarland Standard ve4i3e7inTaeH ULHUNTBwTinn1a 9

AlaAEAIuYY McFarland Standard

HAUNTDY
2Hz 4M 0.37
2Hz 8M 0.37
3Hz 4M 0.31
3Hz 8M 0.24
nsvAEnTDATINYe 0.64
Wenaunses 3.17

719197 3 UAMIALRRETEITINIL AFB LUUWBIRBIMAZILULINIENAY Code A inululaume wazna grading Launseadiomisununses 2Hz 4M wazlyaen

luFensuaviionsludasiaiu 1:10 dwiunsaaoiEeInis

113NAADY dwauade AFB duauaie AFB UGy dwauade AFB 39w Grading
WUUREn Code A sia OPF (429A1)
#i9 OPF + SD fia OPF + SD

a%ad 1: Weiiligeans 13.22 + 8.50 2.05 + 0.44 15.27 (14.07-18.17) AFB 3+
(>10 AFB 78 OPF)

sl 1: Woflidaans 1:10 1.69 + 1.59 0.20 + 0.08 1.89 (1.78-2.17) AFB 2+
(1-10 AFB si@ OPF)

assd 2: Wodllaiianns 7.56 + 4.23 1.26 + 0.50 8.82 (8.10-10.62) AFB 2+
(1-10 AFB #@ OPF)

aSaf 2: Weidaans 1:10 041 +0.93 0.18 + 0.16 0.59 (0.49-0.84) AFB 1+

ﬂizmaéf’mmLfnyat,ﬂutmm?imuaztmunfcjuﬁwmﬂwaw
ey Group code A, Group code B (37121 6-10 617
Giaﬂfju), Group code C (317U 11-20 (ffwiaﬂq'u), LAy
Group code D (F1u2u >20 #anenga) 4 wdunuu
wenfufunnslanseaenseadandes Wew3ouiieou
A5l LHUNS0Y PVDF 98l 2Hz uas 3Hz WU LHY
nseswiin 2Hz annsadndunquieruialugdaun
6-10 fanenaudululadninia 3Hz iesannis
LA3 BULHUNSDY PVDF ¥ila 2Hz lon15.ad sufives
FrsuaduusunivinInsesenedn 3Hz vilulaiu
lpavandifianumunninsyanaanumn (51971 1)
Feflonadndung meaasuialugladinii e
Waguiieuununses PVDF filishuiudunstuievds
4 M uag 8 M nurununseswia 8 M aznseadevin
Fudelavesninwda 4 M iesanuaunsesin 8 M
fimununanede ¢ M Uszana 1.5 191 (115199 1)

ANUNUIVBILNUNTOIDIITINAADVYUIATNTU (pore size)

(59 AFB Tu 100 OPF) (10-99 AFB lu 100 OPF)

ANUVUNLNNTUALTININVUIATNTUYBIUNUNTBIAAAY
AINANITNAADIVBY Suwanboon et al., 2018 A4y
LIBNTDINILLAUNTDINAANUNUNTIL ALY af LR e

aammugiﬂuaaaﬂ

281915AMUTIUIULRABVBUT DA A BINDIINA D

Y0NS IULHUNTBILRarsda luln 1w a1 ueensd

o w a

d1Agyn1and (p > 0.05)

o

e LA ANULANA19DY 198

o a

ALUNINED

o

v o a a ~ ! g
UY# AL DLUTYULNYUTENINLIBNDUNT B

WAEMEINTDIMEYNTUALNLATES (p < 0.00)

NaN1T grading MIULAUNAITINENUNANITUOUANY

a

nsaespIAnIsauItelan wulndlandliusiauned

wignanynyinvetununsedlan AFB 2+ Jamanedia

]

wuide AFB $1uau 1-10 fame Ol power field Fafin1s
TysurunuaiiSosunuUssunn 10° cfu nedadans
TunsileuiieudnauiBsosazuossuiuinge 3o
ﬂﬁjm%ma?{w{maﬂgm ﬁauwﬁaﬁu?{muamﬁuL‘fa

WUU Group code A, B, C kag D dM35UNI¥A18N584
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Single cell Group Code A: 2-5 cells Group Code B: 6-10 cells ~ Group Code C: 11-20cells  Group Code D: > 20 cells
. T - 4
» = s
- ‘ Fraculi o »
b C - i |
- .h. ' - . - % =
- » ..y & i -
P -t e A " : e ¥
’ . ‘ ¢
g - - : =t ‘ Y v g’
= . 3

S Vad ool |

o oo & <o COUUVR (o oo ' '
JUT 1 wansnsnszaneiveade AFB Tualanawdesiaune uazinamnisiuusunaas AFB mu Code fithuun: TuuSinaude AFB Mduwuaiiiseguuns

3
Anduns AnegneAsdund) Muuudediies (Single cell) uagwuuingngudisll Group Code A: T91iude AFB 2-5 fananay; Group Code B: H3mau

179 AFB 6-10 fanengu; Group Code C: f8uide AFB sz 11-20 fanengy; wag Group Code D: fi§1uiuido AFB Usua >20 fnengu

15

14

13

[l

12

11

10

dansanauiiiasialn
o

Fudnuasi

m Single cell

M Group Code A

B Group Code B
Group Code C
Group Code D

2Hzam 2Hz8M 3HzdMm 3HzaM nrenensaaiovnidlud ilanaunsa

AfiauauKHunsag * dungudainnnii 15 nau

S ° a o & N S o C a = ¥ ' N a ~ a a. a i ¥ o &
EUVI 2 UdA91UIULRAEUBISILYD AFB E‘ULL‘U‘UW’]\?‘] vualanaosiauvsimisumeununsosnazyila: lunsiuSsufisulssansnnilumieaute AFB

YRIHUNTES 5 WA laln wkuNTaa PVDF win 2Hz 4M, 2Hz 8M, 3Hz 4M, uay 3Hz 8M, N5¥AN¥NTBRTINNYY (Whatman No. 2) Wauiuiienaunsas

Tngmsratiuide AFB luguuuuna wdeneinaes lnsturisguuvuiidudedufe (Single cell) uaifunguiiauuy Group Code A (F1u3m 2-5 ffane

nqu), Group Code B (§1u3u 6-10 fnanga), Group Code C (§117u 11-20 Fnonau), uaz Group Code D (S >20 Famenaw)

g

90

LlilchpNHERN

80

suasdimpuidaniandudan

70

60

50

40

30

20

10

TRLA:

| Single cell M Group Code A M Group Code B Group Code C Group Code D
2Hz 4M 2Hz 8M 3Hz4M 3Hz 8M nsyoernsasL fonwrdivsl \danaunsas
Alauasununsay

Uit 3 uamsdmanuidusesazvesuiuiliesinaznauite AFB ndeneiinass vudlanaflosidumesNinleumeununsowunazeiin: lunisiSeuiiieu

UsganSamilundenide AFB vesununsee 5 uin laln ununses PVDF wila 2Hz 4M, 2Hz 8M, 3Hz 4M, wag 3Hz 8M, nsyaunsaadenidve

(Whatman No. 2) ifleuifuidensunses Tnemsiaiuie AFB lugluuuniey lwdeneisnass lnedfurisgUuuuiidudesiien (Single cell) uazidunguiie

WU Group Code A (§1u3u 2-5 ﬁ?@iaﬂfiﬂ), Group Code B (§1u3u 6-10 ﬁ"sﬁiaﬂdu), Group Code C (13w 11-20 ﬁ’aﬁianfiu), 4ag Group Code D

(37U >20 fMnengw)
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Fafienadenerinasiieluununsosiin 2Hz M,
2Hz 8M, 3Hz 4M, 3Hz 8M, ns¥A¥nIoudeanIdive,
LLaw?Jyaﬁaumm ﬁﬂ'ﬁwhﬁ’ugaaas 46, 33, 14, 25, 13,
uay 4 muaIeu
NANTSNAaDILEATIVLE LI N UNSEs PVDF ¥ila
2Hz aM fszansamddiaalunislanseade AFB
dielnlademulvgdusuuiufe wiefnsinznay
Yo oLfissvundn 2-5 éﬁw{aﬂq'u Imalaiwumjm%a
aualngdsenaenstusunie wavamalndiuou
o AFB fifulnnanardou Tunsunisiieule AFB
ABULHUN TN INAINAL UL N1 UNS5UT T84
s
3.3 M9ASouAlanalE AN RS A 195U I TUAAUIN
nsdeudnunsauvusEaUSIIaaTs (Grading)
Tunisieipualanailes@unsdviunise oud
nunse Lt el s 189 uRaUINLUUTERUUS UL ©
(Grading) ANULNAININISTIBNURATDIBIRNMSEWTE AN
W AFB 3+, AFB 2+ wag AFB 1+ wu vinlaeduded
w3ealna1nn1sly wHunses PVDF 9ida 2 Hz 4M
wvlaawuiy 10 wilaenisdy wWieluisiuiuide
AFB snnifisanelunisinsevalanadesiaunsluinig
FIYNUNAANTT Grading vJu AFB 3+ LLﬁ%L%E]Q’NL%Waaﬂ
10 wnitolnsioeunalaidu AFB 2+ was AFB 1+
Tunsvnaosredt 1 wazadedl 2 mudey Feaonnans
FunsAuraUsnand 951 1INsuIuRasvele
LLUUL@IEJ’JLLEWLLUUHQIN Code A ifulanensnans L
Tunsveassndedt 1 Weuinsiusuiuadede AFB
LUULA BT (13.22) ﬁuaﬁ’wmuﬁamﬁhiuﬂq& Code A
(2.05) 2¢laudu 15.27 fame OPF @9 >10 AFB mo OPF
(Grading 3+) waziiloideans 10 W nuswuowas
5oy 1.89 fame OPF Gsaroglunas 1-10 AFB e
OPF (Grading 2+) 1 uif e Tus 1uauLd a1ad 590
Tunsvaaesit 2 dmsunislodeluiiesns 8.82 dane
OPF waz 0.59 fama OPF (59 &1 lu 100 OPF) §ans4
ffuna Grading AFB 2+ Lag AFB 1+ AIUA1AU AILAAS
Tups1ait 3 ssfunlumsiFenadeas 10 mnilnaan
A Grading awﬁ'aixﬁ'ﬂlﬂyﬁnﬂ Grading AFB 3+ vy
AFB 2+ 4a®21n Grading AFB 2+ 1fu AFB 1+ 4

A9AAA BIAUITUT T 89D Yamada hasAy

(Yamada et al., 2006; Yamada et al., 2011) #ilynns
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ABSTRACT

This research aimed to apply extracted from local plants to determine formalin residue in food. The precipitation
would be appeared from this reaction. Four plants in Phyllanthaceae family were studied, 2 pants were consisted of
adenosine (Phyllanthus acidus and Sauropus androgynus) and another 2 were Antidesma bunius and Phyllanthus emblica.
It was found that only the extract from Sauropus androgynus was precipitated with formalin. The Sauropus androgynus
extract was made to be powder by freeze drying process. Using 0.5 gram of extract powder in 5 milliliters of formalin solution
showed 5% w/v formalin concentration as the detection limit This extract powder was then applied to determine formalin
in squid and white shrimp. For method validation, the results were compared with those determined by commercial formalin
test kit. Formalin detection of this developed method showed the similar results with all commercial products. This research
showed the useful of determination of formalin in food by using plant extracted to be simple and rapid test kit. Moreover,

this research is also adding value to the local plant.

KEYWORDS: Formaldehyde, Formalin, Local plant, Residue chemical
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