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stage and two-stage), and three levels of particle size (2 mm, 0.5 mm, and
0.25 mm). The optical properties and viscosity of each sample were
obtained using standard methods. Subsequently, statistical models were
developed to determine the viscosity of tragacanth gum samples using their
optical properties. For this purpose, machine learning algorithms, including
Multiple Linear Regression (MLR), Partial Least Squares Regression
(PLSR), Lasso Regression, Support Vector Regression (SVR), and
LassoCV Regression, were trained in Python and then validated and
evaluated. Finally, the performance of the developed models was
compared. The results showed that the Lasso model, with an R? of 98.1%,
RMSE of 134 cP, and MAE of 115.86 cP, performed best among the
algorithms investigated. This high accuracy indicates a strong correlation
between the optical properties and viscosity of the samples and confirms
the reliability of the developed model. Therefore, using this model, the
viscosity values of different tragacanth gum samples can be determined
with appropriate accuracy, in the shortest possible time, at the lowest cost,
and in a non-destructive manner.
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EXTENDED ABSTRACT

Introduction

Tragacanth gum is one of the most valuable
natural gums, widely wused for its
renewability, availability, cost-effectiveness,
hypoallergenicity, non-carcinogenicity, and
non-toxicity. Its applications span wastewater
treatment, extending the shelf-life of
agricultural and food products, and various
hygienic and pharmaceutical industries
(Boamabh et al., 2023; Anon, 2006). Statistics
indicate that Iran accounts for approximately
70% of the world’s tragacanth gum exports
(Qomshi Bozorg et al., 2012). Generally,
tragacanth gum is classified into two major
types (ribbon and flake), which exhibit
distinct physical and rheological properties.
Key determinants of tragacanth gum quality
and commercial value include aqueous
solution viscosity, color indices, and
microbial load (Abasi & Rahimi, 2006). A
critical technological challenge in the export,
grading, and processing of tragacanth gum is
the development of a rapid, accurate, cost-
effective, and non-destructive method for
measuring the viscosity of its gels. In this
study, a novel approach is proposed for
estimating tragacanth gum viscosity, using
the optical properties of the samples as input
and machine learning algorithms for
modeling. To address the problem, five
regression-based  modeling  techniques,
including multiple linear regression (MLR),
partial least square regression (PLSR),
support vector regression (SVR), standard
Lasso regression, and cross-validated Lasso
regression, were applied to predict viscosity
from optical data. By comparing their
performance and prediction accuracy, the best
model for estimating tragacanth gum
viscosity based on optical features was
identified.

Material and Methods

This study employed an experimental design
to evaluate the feasibility of predicting the
viscosity of tragacanth gum gel using optical
properties and machine learning. A total of 36
gum samples from two commercially
available grades (strip and flake) were
analyzed. Optical color indices (L*, a*, b*)
were measured using a calibrated colorimeter

(Lutron RGB-1002). Gum gels were prepared
according to standard protocols, and their
viscosities were measured with Brookfield
DV _II viscometer. All samples were prepared
under identical conditions to ensure
consistency. A machine learning approach
was used to develop predictive models for
viscosity determination. MLR, PLSR, SVR,
Lasso, and LassoCV models were developed,
trained, and tested in Python. Model
performance was evaluated using R?, RMSE,
and MAE with k-fold cross-validation to
minimize overfitting and ensure replicability.

Results and Discussion

- Initial Data Pattern Analysis: To examine
the initial patterns and possible relationships
between the input variables (optical and
physical features) and the output variable
(viscosity), the variations in viscosity with
respect to each of the measured features were
analyzed. As observed, there is a clear
distinction in viscosity between the two gum
types (ribbon and flake); ribbon-type samples
generally exhibit higher viscosity, whereas
flake-type samples tend to have lower
viscosity. Among the optical features, the L*,
a*, and b* parameters exhibit distinct patterns
of scatter with respect to viscosity.

- Evaluation of Machine Learning Models:
The results of evaluating the performance of
different models in predicting the viscosity of
tragacanth gum showed that the Lasso
regression model provided the highest
accuracy compared to the other models. This
model demonstrated superior predictive
capability for viscosity.

-Residual Plot Analysis: Ideally, residuals
should be randomly scattered around the zero
axis (y= 0), with no systematic patterns or
clustering. In this dataset, due to the nature of
the samples, the outputs belong to two distinct
types of tragacanth gum with separate
numerical ranges. One type has low viscosity
values (200 to 500 cP), while the other shows
high viscosity values (2000 to 3000 cP), and
there are no data points in the intermediate
range.

A closer look at the Lasso residual plot shows
that the residuals mostly fluctuate within a
narrow range around zero and exhibit a more
random pattern than those of the other
models. This indicates that the Lasso model
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has achieved a better balance between
variance and bias.

Analysis of Predicted vs. Actual Value
Plots: These plots are essential tools for
assessing model fit, as the closer the points lie
to the diagonal reference line (y = x), the
higher the model accuracy and the smaller the
difference between actual and predicted
values. In the plots of all models, an upward
trend near the reference line can be observed,
indicating that all five models can predict the
output values. However, differences in point
density and the degree of dispersion around
the reference line distinguish the accuracy and
stability of each model.

The Lasso and LassoCV models exhibit the
best agreement between actual and predicted
values. In these two models, most points align
very closely with the reference line, indicating
high correlation and low prediction error.

Conclusions

This research showed that using machine
learning and exploiting the optical properties
of various types of tragacanth gum enables the
determination of its viscosity quickly, at low
cost, and with high accuracy. In this study,
five linear regression models MLR, Lasso,
LassoCV, and PLSR and one nonlinear
regression model, SVR, were compared.

The Lasso model, due to its superior statistical
indices, high consistency of points around the
reference line (lower error), and minimal
dispersion in the residual plots, was identified
as the most stable and accurate model among
all the methods examined. This confirms the
Lasso model's high efficiency and reliability
in predicting complex, multidimensional data.
Moreover, in this model, applying the LI
penalty to the coefficients effectively
eliminated one of the features, reducing
dimensionality and yielding a lighter, more
interpretable model. Overall, the results
indicated that the Lasso model outperformed
the other models in terms of statistical metrics
(R?, RMSE, MAE), residual distribution, and
prediction accuracy and speed, making it an
optimal choice for non-destructive viscosity
estimation. Given the practical nature of this
research and its strong potential for
application in the production and trade
industry of tragacanth gum, it is
recommended that future research develop a
model capable of automatically determining

viscosity values through direct
processing of tragacanth samples.
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