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Abstract

The refining of black cottonseed oil is often complicated by the presence of impurities such as phospholipids,
free fatty acids, pigments, and suspended solids. Conventional processing involves re-circulating the sedi-
ment (fuza) back into the frying system, which increases energy consumption and negatively affects oil qual-
ity. This study proposes an alternative approach that eliminates fuza re-circulation by integrating physical
separation, centrifugation, and chemical refining methods. The results demonstrate improved oil quality, re-
duced acidity, and enhanced economic efficiency. The proposed method offers a sustainable and industrially

viable solution for modern oil processing plants.

Introduction

Cottonseed oil is one of the most widely produced
vegetable oils in many agricultural economies,
particularly in regions where cotton cultivation
is a major industry. Due to its favorable fatty acid
composition, relatively low cost, and versatility,
cottonseed oil is extensively used in food processing,
cooking, and various industrial applications.
However, the initial product obtained after
oil extraction, commonly referred to as black
cottonseed oil or crude oil, contains a wide range of
undesirable impurities that significantly affect its
quality, stability, and usability.

Crude cottonseed o0il typically includes

phospholipids, free fatty acids (FFAs), gossypol
pigments, waxes, and suspended solid particles
collectively known as “fuza.” These impurities not
only degrade the sensory properties of the oil, such
as color, odor, and taste, but also accelerate oxidative
deterioration, thereby reducing shelf life. Among
these, free fatty acids are particularly problematic,
as their presence increases the acid value of the
oil and makes it more susceptible to rancidity.
Therefore, effective removal of these components is
a critical step in the oil refining process.

In conventional processing systems, the
sedimented impurities (fuza) are often re-circulated
back into the frying or heating units to recover
residual oil. While this approach may improve

Compiled on: May 2, 2026.

Copyright:©2026 by the authors. Submitted to Advances in Science and Environment for possible open access publication under
the terms and conditions of the Creative Commons Attribution (CC BY) 4.0 license.

30


https://doi.org/10.70728/envire.v02.i08.007
https://creativecommons.org/licenses/by/4.0/?ref=chooser-v1

overall oil yield, it introduces several technical and
economic drawbacks. Repeated thermal exposure
during re-circulation leads to degradation of
triglycerides, formation of secondary oxidation
products, and darkening of the oil. Moreover,
the process increases energy consumption and
imposes additional mechanical stress on processing
equipment, ultimately raising operational costs and
reducing system efficiency.

Recent advancements in oil refining technologies
have emphasized the importance of minimizing
thermal processing and optimizing separation
techniques to preserve oil quality. In this context,
eliminating the re-circulation of fuza presents
a promising alternative. By integrating modern
physical separation methods such as sedimentation,
filtration, and centrifugation with chemical refining
processes like neutralization and bleaching, it is
possible to effectively remove impurities without
subjecting the oil to repeated heating cycles.
This not only enhances the physicochemical
properties of the final product but also contributes
to more sustainable and energy-efficient production
practices.

Furthermore, the adoption of non-recirculatory
processing methods aligns with current industrial
trends focused on improving product quality while
reducing environmental impact. Lower energy
requirements, reduced waste generation, and
improved process control are key advantages
that make this approach attractive for large-
scale implementation. In addition, advancements
in equipment design, such as high-efficiency
centrifuges and membrane filtration systems, have
further enabled the practical application of these
methods in modern oil refineries.

This study aims to investigate and present a
comprehensive approach to improving the quality
of black cottonseed oil without re-circulating fuza
into the frying system. The research focuses on
evaluating alternative separation and refining
techniques, analyzing their impact on key
quality parameters, and assessing their economic
feasibility. By providing a detailed examination of
these methods, the study seeks to contribute to
the development of more efficient and sustainable
cottonseed oil processing technologies suitable for
industrial adoption.
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Materials and Methods

Crude (black) cottonseed oil samples were obtained
from a local oil extraction facility. The oil contained
typical impurities such as phospholipids, free fatty
acids (FFA), pigments (including gossypol), and
suspended solids (fuza). Analytical-grade sodium
hydroxide (NaOH), distilled water, and bleaching
earth (activated clay) were used for the refining
process. All reagents complied with standard
laboratory specifications.

Methods

The study was based on a non-recirculatory refining
process, where fuza was removed without returning
it to the frying system. The procedure consisted of
sequential physical and chemical treatments.

1. Sedimentation and Filtration

Crude oil was first allowed to settle at ambient
temperature (25—30°C) for 24 hours to enable
gravity separation of heavy particles. The upper oil
layer was then filtered using a vacuum filtration
system to remove residual suspended solids.
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Fig.1. Schematic diagram of natural settling tank and coagulation sedimentation tank
2. Centrifugation
The pre-filtered o0il was subjected to

centrifugation at 4000-6000 rpm for 10-15
minutes to enhance separation efficiency.

3. Neutralization Process To remove free fatty
acids, the oil was treated with NaOH solution at 60—
70°C. The reaction is:

The formed soapstock was separated by
decantation. 4. Bleaching The neutralized oil
was heated to 90°C and mixed with 1—2% activated
clay under vacuum conditions for 20 minutes. The
mixture was then filtered to remove adsorbed
pigments.

Quality Analysis

The acid value (AV) of the oil was determined
before and after treatment:
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Fig.2. Centrifugal separator diagram

The principle of separation is based on density differences:
F.=m-w’-r

Where:

F. — centrifugal force (N)

m — mass of particle (kg)

@ — angular velocity (rad/s)

r — radius (m)

RCOOH + NaOH — RCOONa + H,0

_ V x N x 56.1

T

AV

The economic benefit of eliminating fuza re-
circulation is calculated as:

E = (Cuhi - Cm-"-) X (2

Where: E — economic benefit Cold —
conventional cost Cnew — improved process
cost Q — production volume

Results and Discussion

The experimental evaluation of the non-
recirculatory refining process for black cottonseed
oil demonstrated clear improvements in both
separation efficiency and oil quality stability. Unlike
conventional systems where fuza is reintroduced
into the frying stage, the proposed method
showed that effective impurity removal can be
achieved through sequential physical and chemical
treatments without reprocessing sediment.

The centrifugation stage significantly enhanced
solid—liquid separation efficiency. The suspended
matter content decreased from 3.5% to 0.6%,
corresponding to an 82.9% removal efficiency.
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This confirms that centrifugal force is far more
effective than gravitational settling in removing fine
particulate matter, especially colloidal impurities
that are otherwise difficult to separate.

The acid value reduction from 6.8 mg KOH/g
to 1.9 mg KOH/g indicates efficient neutralization
of free fatty acids. The observed 72.1% reduction
suggests that alkali refining successfully minimized
hydrolytic degradation products. This also implies
improved oxidative stability, since lower FFA
content reduces susceptibility to rancidity during
storage.

A notable improvement was also observed in color
quality. Bleaching with activated clay resulted in
approximately 65% reduction in optical intensity,
indicating effective adsorption of gossypol and
other pigment compounds. This step contributed
significantly to improving the market acceptability
of the final oil.

From an operational perspective, eliminating
fuza recirculation reduced repeated thermal loading
of the system. Energy consumption analysis showed
an estimated 18—22% reduction in heat demand,
primarily due to the elimination of secondary frying
cycles. This also minimized thermal polymerization
reactions, which are typically responsible for
darkening and viscosity increase in conventional
systems.

Compared with traditional processing methods,
the proposed system demonstrates better balance
between yield and quality. Oil recovery remained
stable at =96.5%, indicating that the absence
of re-circulation did not significantly affect
extraction efficiency. Overall, the results confirm
that integrated physical separation combined with
controlled chemical refining provides a more stable
and efficient processing route for cottonseed oil
purification.

Conclusion

This study confirms that the quality of black
cottonseed oil can be significantly improved
without re-circulating fuza into the frying system
by applying a non-recirculatory refining approach
involving sedimentation, filtration, centrifugation,
neutralization, and bleaching. Experimental results
showed that the acid value decreased from 6.8 mg
KOH/g in crude oil to 1.9 mg KOH/g after refining,
representing a reduction of:
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The impurity (fuza and suspended solids) content
was reduced from 3.5% to 0.6%, corresponding to:
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Color improvement after bleaching showed
approximately 65% reduction in optical absorbance,
indicating effective pigment removal. Oil yield was
maintained at a high level of 96—97%, despite
eliminating fuza recirculation, demonstrating
that product recovery was not significantly
compromised.

Overall, the process achieved improved
physicochemical properties while reducing energy
consumption by approximately 18 —22%, due to the
elimination of repeated heating cycles associated
with fuza re-processing.

In conclusion, the proposed method provides
a more efficient and sustainable alternative to
conventional cottonseed oil refining. It enhances
oil quality, improves operational efficiency, and
reduces processing costs, making it suitable for
industrial-scale implementation in modern edible
oil production systems.
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