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Abstract
Green extraction is based on discovery and design of extraction process which will reduce unit operation, reduce energy
consumption, reduce time consumption, reduce organic solvent use, alternate solvent with water or agro-solvent and ensure
safe and high-quality extract. In this study the conventional extraction methods and various green extraction methods were
compared. Both these studies on extraction process were done in the past, in this review those studies were compared. From
this we can know that which method is suitable for extraction which will not harmful for the environment, promote the health
of patient, produce by-product or co-product instead of waste.
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Introduction

Extraction process of various bioactive compounds
depends on several factors such as, a technique that is used,
the raw material and the organic solvent. This is traditional
method of extraction. This method is based on heating
process that accelerate mass transfer between different
phase of system which consumes a lot of energy and may
results in degradation of thermo-labile compounds. In waste
of food and plant material some bioactive compounds are
present.

To overcome this problem green extraction techniques
are investigated. The implementation of green extraction
techniques minimizes the use of solvents decrease energy
consumption, maximize efficiency, enabling process
intensification and cost-effective production of high-quality
extracts. The study of natural sources starts with preNovel Approaches in Green Extraction for Natural Medicines

extraction and green extraction procedures. Extraction
of plant materials can be done by various conventional
and non-conventional methods. All these techniques have
some common objectives, (a) to extract targeted bioactive
compounds from complex plant sample, (b) to increase
selectivity of analytical methods (c) to increase sensitivity
of bioassay by increasing the concentration of targeted
compounds, (d) to convert the bioactive compounds into
a more suitable form for detection and separation and
(e) to provide a strong and reproducible method that is
independent of variations in the sample matrix.

Green Extraction

A general definition of green chemistry is the invention,
design and process to reduce or to eliminate the use and
generation of hazardous substance. In relation to green
extraction this definition can be modified as follow “Green
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extraction is based on discovery and design of extraction
process which will reduce energy consumption, allows use
of alternative solvents and renewable natural products, and
ensure a safe and high-quality extract.” Green extraction is
a way to protect both environment and human health and

provide more ecologic, economic and innovative methods
for that reason this method is new concept of the 21th
century. Green extraction technologies are non-conventional
technologies (Table 1).

Conventional Extraction

Green Extraction

More Time Consuming

Less Time Consuming

More Energy Consumption

Less Energy Consumption

Use of Organic Solvent More

Use of Alternative & Agro-Solvent& Less use of Organic solvent

Production of Waste not Co-Product

Production of Co-Product instead of waste

Extraction yield is low

Extraction yield is high

Many Unit Operations

Less Unit Operation

Not use Innovative Technologies

Table 1: Conventional Extraction Vs Green Extraction.

Principles of Green Extraction

Innovation by Selection of Varieties and Use of
Renewable Plant Resources
A new technology ―Plant Milking has been developed
for the production and extraction of substances of interact
without destroying the plant. Plants are grown in green

Use Innovative Technologies

house in liquid medium and secretion and exuding the
substances through the roots in the culture medium are
triggered by physical, chemical or biological stimulation. The
substances are then collected by standard extraction and
purification methods. This process is more directed to the
production of active constituents from rare plants, whose
chemical synthesis is difficultly and costly Figure 1.

Figure 1: Plant Milking.
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Reduce Energy Consumption by Energy
Recovery and Using Innovative Technologies
Extraction is particularly affected by environmental and
economic factors that require a massive reduction of energy
consumption and wastes produced. There are four routes to
minimize energy consumption
• Optimizing existing processes
•
•
•

lipids and carotenoids (Figure 2).

Recovery the energy liberated during the extraction
process
Assisting existing process with intensification
A full process innovation

Use of Alternative Solvents and Principally
Water or Agro-Solvents
Current regulation on petrochemical solvent and
volatile organic compounds (VOC) has effect in reducing the
consumption of these chemicals. The manufacturers have
to give information about the risk of using organic solvents
during the extraction. Most organic solvents are flammable,
volatile and often toxic and responsible for environmental
pollution and damage ozone layer and greenhouse effect.
For safety, environmental and economic aspects are forcing
industry to use greener solvents as alternatives. The
agro or bio-solvents are green solvents as alternative for
petrochemical solvents. Wood, starch, vegetables oils or
fruits etc. are renewable resource produced from biomass.
This bio-solvents with high solvent power are non-toxic,
non-flammable and biodegradable.

Reduce Unit Operation and Favors Safe, Robust
and Controlled Process

To be competitive industries involved in extraction of
natural products (perfume, cosmetic, pharmaceutical, food,
and bio-fuel) have to combine process intensification with
cleaner and safer extraction protocols. Reduce the number of
steps in a process leads to reduction in costs and better use
of energy. A single stage process would appear to be ideal.
The arrival of new extraction technologies at production
scale (pressurized liquid extraction, microwave-assisted
extraction, pulsed electric field etc.) will certainly benefit
those industries in the quest for more efficient extraction
process on a long-term basis. For example, pulsed electric
fields (PEF) assisted extraction reduces extraction time
as PEF provide cell membrane permeabilization. Cell
membrane is exposed to sufficient intense electric field
for short time (millisecond or microsecond) during PEF
treatments. For that reasons PEF enhances extraction of

Figure 2: Advantages of green extraction technologies.

Green Extraction Technologies

A number of new alternatives to conventional techniques
have been proposed to extract target compounds from
various plants are as follows:
• Microwave Assisted Extraction (MAE)
•
•
•
•
•
•

Enzyme Assisted Extraction (EAE)

Ultra-sound Assisted Extraction (UAE)
Pulsed Electric Field Extraction (PEF)

High voltage electrical discharges extraction (HVEDE)
Supercritical Fluid Extraction (SFE)

Pressurized Liquid Extraction (PLE)

Microwave Assisted Extraction (MAE)
Microwave Assisted Extraction (MAE) is innovative
technology of green extraction which greatly shortens the
extraction time, rate, reduce the consumption of solvent
and high extraction efficiency. Unlike conventional heating
which depends on conduction – convection phenomenon
with eventually much of the heat energy being lost to the
environment. Whereas in case of MAE, heating occurs in a
targeted and selective manner with practically no heat being
lost to the environment as the heating occurs in a closed
system. This unique heating mechanism can significantly
reduce the extraction time (usually less than 30 min) as
compared to Soxhlet. The transformation of electro-magnetic
energy in calorific energy occurs by Ionic conduction and
Dipole rotation, which change microwave energy to thermal
energy (Table 2).
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Microwave Assisted Extraction

Solid-Liquid Extraction

Maceration

Time of extraction 33sec

Time of extraction 24hr

Time of extraction 48hr

Total polyphenol content was 237.74 mg
GAE/g
Total flavonoid content was 42.95 mg
QE/g

Total polyphenol content was 182.92 mg
GAE/g

Total flavonoid content was 37.58 mg QE/g

Total polyphenol content was 135.26
mg GAE/g

Total flavonoid content was 30.82 mg
QE/g

Table 2: Microwave assisted extraction for antioxidants from waste Achillea millefolium dust.

Enzyme Assisted Extraction (EAE)

Enzymes have the properties of high specificity and high
efficiency. Enzyme-assisted extraction (EAE) is a potential
green extraction method because of the mild extraction
conditions, an alternative, ecofriendly technology that
allows extraction with less use of solvents. Enzyme-assisted
extraction methods are gaining more attention because of
the need for eco-friendly extraction technologies. Recent
studies on enzyme assisted extraction have shown faster
extraction, higher recovery, reduced solvent usage and lower
energy consumption when compared to non-enzymatic
methods. Various enzymes such as cellulases, pectinases,
β-glucosidase and hemicellulose are often required to
disrupt the structural integrity of the plant cell wall, thereby
enhancing the extraction of bio-actives from plants.

Ultrasound Assisted Extraction (UAE)

Ultrasounds have cavitational effects that accelerate heat
and mass transfer via plant cell walls. Cavitation bubbles
exist for few acoustic cycles before collapsing, giving rise to
smaller bubbles that could act as new cavitation nuclei or
simply get dissolved. The potential energy of the cavitation
bubble is expanded and converted to kinetic energy.
Cavitation modifies the chemical processes in the system,
mainly enhancing the reaction rates of existing processes.
Cavitation affects cellular structure and enhances mass
transfer process. Disruption of cell walls leads to improve
release of target compound from several natural sources.
There is also oxidative energy of radicals created during
sonolysis of the solvent which results in high extractive
power of ultrasounds (Figure 3).

Figure 3: Ultrasound Assisted Extractor.

Pulsed Electric Field Extraction (PEF)

PEF technique is originally utilized as a non-thermal
technique. Pulsed electric field treatment is a method for
valuable compounds recovery from food wastes and byproducts. On which material PEF is applied it is placed
between two electrodes. Pulse amplitude in PEF equipment is
ranging from 100-300 V/cm to 20-80 kV/cm. PEF treatment
is conducted at ambient temperature or slightly higher
than the ambient temperature and for a treatment time less
than 1 sec. When the intensity of an applied electric field

increases, the potential difference across a cell membrane
also increases. If this trans-membrane potential exceeds a
stated threshold value, a temporary loss of membrane semipermeability occurs. This phenomenon of cell damage is
called electroporation (or electro-permeabilization) and
depending on the intensity of the electric field, it leads
to the formation of temporary (reversible) or permanent
(irreversible) pores. The fact that PEF is able to extract
selectively the intracellular molecules without fragmenting
the treated tissue makes it an interesting green extraction
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process, because it reduces the subsequent purification steps
and also agro-solvents are generally used in the following
diffusion step.

High Voltage Electrical Discharges Extraction
(HVEDE)

The technology of high voltage electrical discharges is
a green extraction technique as it allows enhancing the rate
of extracted bio-compounds per initial vegetable material
at low treatment energy input. The high voltage electrical
discharges assisted extraction is a green extraction technique
as it can enhance the rate of extracted bio-compounds at
reduced time, low temperature and energy input. HVED
technology has been used to recover bioactive compounds
from several plant food materials, based on electrical
breakdown phenomenon produced in cell tissues.

Figure 4: Pressurized Liquid Extraction.

Conclusion

Supercritical Fluid Extraction (SFE)

Supercritical fluid extraction (SFE) as a green
technology has been applied since the past decades. SFE
can be a fast, efficient, and clean method for the extraction
of natural products from several matrices. Studies on the
supercritical fluid extraction of caffeic acid derivatives,
phenolic compounds, flavonoids, anthocyanin, carotenoids,
lycopodine, terpenoids and other antioxidants from food and
medicinal plants have been done. SFE has been exploited to
retain the natural character of products after their processing/
production stage and, simultaneously, avoid the presence of
organic solvents as contaminants, thus increasing the market
value of the final products. SFE is the process of extraction
using supercritical fluids as the extracting solvent. Over the
critical pressure (pc) and temperature (Tc), the solvent can
be transformed into the supercritical state, which shows
liquid-like (solvent power, negligible surface tension) and
gas-like (elevated diffusivity and low viscosity) properties.

Green extraction is a new concept with the six principles
to meet challenges of 21st century, to protect environment,
to promote health of patient. In this review various methods
of the green extraction were compared with the conventional
extraction methods. The comparison of this methods shows
that green extraction method has many advantages over
the conventional method. So, it can be concluded that the
green extraction techniques have potential to replace the
conventional extraction methods due to less time consuming,
less energy consuming, water or agro solvent use as an
alternative solvent, produce co-product and/or by-product
instead of waste, reduce unit operations, higher extraction
yield than conventional extraction.
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