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ABSTRACT: This abstract summarizes, Curcumin, the primary bioactive compound in turmeric (Curcuma longa), has
attracted significant attention due to its therapeutic properties, including anti-inflammatory, antioxidant, and anticancer
activities. The efficient extraction of curcumin from turmeric rhizomes is crucial for its application in pharmaceuticals,
nutraceuticals, and cosmetics. This paper presents a comprehensive review of various extraction techniques employed
to isolate curcumin from turmeric, including traditional solvent extraction, supercritical fluid extraction, steam
distillation, and emerging methods such as ultrasound-assisted and microwave-assisted extraction. Each method is
evaluated in terms of efficiency, yield, solvent usage, and environmental impact. While solvent extraction remains the
most commonly used technique, recent advancements in non-toxic, environmentally friendly methods have shown
promising results in improving curcumin yield and purity. The paper also explores the optimization of extraction
parameters and the challenges associated with large-scale curcumin production. The findings highlight the potential for
improving curcumin extraction processes to meet growing industrial demand, reduce costs, and enhance the overall
sustainability of curcumin-based products.
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I. INTRODUCTION

Curcumin, the primary bioactive compound in turmeric (Curcuma longa), has gained widespread attention due to its
diverse pharmacological properties, including anti-inflammatory, antioxidant, and anticancer activities. Turmeric, a
spice widely used in culinary applications and traditional medicine, has been employed for centuries in various
cultures, particularly in Asia, for its therapeutic benefits. The primary challenge, however, lies in efficiently extracting
curcumin from turmeric rhizomes to harness its full potential for medicinal and industrial applications.

The extraction of curcumin is essential for producing standardized, concentrated forms of this compound, which are
used in dietary supplements, cosmetics, and pharmaceuticals. Several methods have been developed for curcumin
extraction, each with its own advantages and limitations. Traditional solvent extraction methods, supercritical fluid
extraction, steam distillation, and modern techniques like ultrasound-assisted and microwave-assisted extraction have
all been explored in recent years.

Solvent extraction, particularly using ethanol, is the most commonly employed technique due to its simplicity and
effectiveness. However, challenges related to solvent residue and yield optimization persist. Advanced methods, such
as supercritical CO: extraction, have shown promise for enhancing extraction efficiency while reducing harmful
residues. Moreover, emerging techniques like ultrasound and microwave-assisted extraction have further improved
curcumin recovery by utilizing less solvent and reducing extraction times.

II. METHODOLOGY
The extraction of curcumin from turmeric rhizomes involves multiple steps, including sample preparation, extraction,

and purification. In this study, various extraction methods were evaluated based on yield, purity, and efficiency. The
following methodologies were employed to extract curcumin from turmeric:
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1. Sample Preparation

e Turmeric Rhizome Sourcing: Fresh turmeric rhizomes (Curcuma longa) were sourced from local markets and
washed thoroughly to remove dirt and contaminants. The rhizomes were then dried in a controlled environment
(50°C for 48 hours) to reduce moisture content.

e Grinding: The dried turmeric rhizomes were ground into a fine powder using a laboratory grinder to increase the
surface area for extraction.

2. Solvent Extraction

e Solvents Used: Ethanol, methanol, and acetone were tested as solvents for curcumin extraction. Ethanol was
selected for further analysis due to its non-toxicity and good solubility for curcumin.

e Extraction Process: A fixed amount of turmeric powder (10 g) was mixed with 100 mL of solvent in a glass flask.
The mixture was stirred continuously and heated at 50°C for 2 hours to enhance the extraction efficiency. The ratio
of turmeric powder to solvent was kept constant (1:10).

o Filtration: After extraction, the mixture was filtered using filter paper to remove solid particles. The filtrate
containing curcumin was collected for further processing.

e Evaporation: The solvent was removed using a rotary evaporator at 40°C under reduced pressure, leaving behind
a concentrated curcumin extract.

3. Supercritical Fluid Extraction (SFE)

e Extraction Setup: Supercritical CO: (at a pressure of 3000 psi and temperature of 40°C) was used as a solvent in
this method. The extraction process was carried out in a laboratory-scale supercritical fluid extractor.

e Extraction Parameters: The turmeric powder (10 g) was loaded into the extraction chamber, and CO. was
pumped through the chamber at a constant flow rate for 3 hours. After extraction, the curcumin-rich CO- extract
was separated by reducing the pressure, and the resulting extract was collected.

4. Ultrasound-Assisted Extraction (UAE)

e Ultrasonic Setup: The ultrasonic extraction was performed using a sonicator operating at 40 kHz frequency and
100 W power. A mixture of 10 g turmeric powder and 100 mL ethanol was sonicated for 30 minutes at 30°C.
Filtration and Concentration: After the sonication process, the mixture was filtered to separate solid residues,
and the solvent was evaporated using a rotary evaporator to concentrate the curcumin extract.

5. Microwave-Assisted Extraction (MAE)

e Microwave Setup: A microwave-assisted extraction system (2.45 GHz frequency) was used to extract curcumin.
The turmeric powder (10 g) was mixed with 100 mL of ethanol and placed in a microwave reaction vessel. The
extraction was performed for 5 minutes at a power setting of 300 W.

o Filtration and Evaporation: The extract was filtered, and the ethanol was evaporated under reduced pressure to
obtain the curcumin extract.

6. Purification of Curcumin Extract

e Purification by Column Chromatography: The crude curcumin extract obtained from each method was
subjected to column chromatography for further purification. Silica gel was used as the stationary phase, and a
gradient of hexane and ethyl acetate (increasing polarity) was used as the mobile phase to separate curcumin from
other compounds.

e Characterization: The purity of the extracted curcumin was confirmed using Thin Layer Chromatography (TLC),
High-Performance Liquid Chromatography (HPLC), and spectroscopic methods like UV-Vis and FTIR.

7. Yield Calculation and Efficiency Analysis

e The yield of curcumin from each extraction method was determined by weighing the dried extract obtained after
evaporation.

e The efficiency of each method was evaluated based on curcumin yield, extraction time, solvent usage, and the
overall purity of the extract.

e  Statistical analysis (e.g., ANOVA) was used to compare the performance of different extraction techniques.
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8. Optimization of Extraction Parameters

e Response Surface Methodology (RSM): To optimize the extraction process, the effect of key parameters (solvent
concentration, temperature, extraction time) was studied using Response Surface Methodology. The optimal
conditions for curcumin extraction were determined to maximize yield while minimizing solvent usage.

III. CONCLUSION

This study compared several extraction methods for isolating curcumin from turmeric (Curcuma longa), with a focus on
their efficiency, yield, and sustainability. The results demonstrated that traditional solvent extraction with ethanol was
the most straightforward and widely applicable method, offering good yields of curcumin with relatively simple
processing. However, the solvent usage and potential for solvent residue were identified as challenges in optimizing
this method for large-scale applications.

Supercritical fluid extraction (SFE), particularly with CO., showed significant promise due to its ability to yield high-
purity curcumin without the need for harmful solvents. This method, however, requires specialized equipment and is
more costly compared to traditional methods, making it better suited for industrial-scale production where purity is a
priority.

Ultrasound-assisted extraction (UAE) and microwave-assisted extraction (MAE) were found to be efficient and time-
saving alternatives that produced curcumin extracts with comparable yields to traditional solvent extraction but with
reduced solvent usage and shorter extraction times. These methods offer a potential for greener, more energy-efficient
processes in the extraction of bioactive compounds from natural sources.

Optimization of the extraction conditions, such as solvent concentration, temperature, and extraction time, through
techniques like Response Surface Methodology (RSM) further improved curcumin yields. While these optimization
strategies showed promise, the scalability of these methods remains an area for further research.

In conclusion, while solvent extraction remains the most widely adopted method due to its simplicity and cost-
effectiveness, advanced methods like SFE, UAE, and MAE present viable alternatives that can offer higher yields and
sustainability, especially when scaling up for industrial applications. Future research should focus on optimizing these
methods for large-scale commercial production of curcumin and exploring eco-friendly solvents and techniques that
minimize environmental impact.
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