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The concept covered in this lecture are the essential oil and oleoresin, their extraction
techniques, maybe conventional and novel extraction techniques, and a few case studies like
extraction of clove oil, turmeric essential oil and lemon grass oil.



Essential oil & oleoresin

« It is a concentrated hydrophobic liquid containing
volatile (easily evaporated at normal
temperatures) chemical compounds from plants.

» They are also known as volatile oils, ethereal oils,
aetheroleum, or simply as the oil of the plant from
which they were extracted, such as oil of clove,

Essential oil

« It is a nature or artificial mixture of essential oil
and resins.

» They are resin-like, semi-solid extracts composed
of essential or fatty oils.

» They have pungency and aroma which contribute

to the taste of food products.

Oleoresin

Essential oil and oleoresin

Essential oil is a concentrated hydrophobic liquid containing volatile chemical compounds
from the plants, which is easily evaporated at normal temperature. They are also known as
volatile oils, ethereal oils, aetheroleum, or simply as the oil of the plants from which they
were extracted, such as oil of clove, turmeric oil and so on.

The oleoresin is nature or artificial mixture of essential oils and resins. They are resin-like,
semi-solid extracts composed of essential oils or fatty acids or fatty oils. So, both essential oil
and fatty oils are present in the resins, they are a little bit thick than the essential oils. They
have the pungency and aroma which contribute to the taste of the food products. The essential
oils normally do not have the taste and flavor, but the oleoresin definitely will have the
characteristic taste and flavor of the particular commodity from which they are made.



Q Examples of essential oils Q Examples of oleoresins
Fssential Bortanical name Family :-\_f"E_SL':ck_pepper (ﬂ;resin ]
wils 3 , s
Peppermint Merrlice pripre-reter Lamiacea »: Cﬂpswum oleoresin [frnm chilli

peppers

Eucalyptus Ericalvpstius sp Myrtacene )
Wild Mint Menrha arvensis Lamiaceae v C.ilrdamom oleoresin
Van Tulsi Cdeiprcerrearer Labiatac v (-flSSi:l h:ll'k 0le0resin
verlgzerre ¥ Celery seed oleoresin
Lemon Tulsi i Lamiaceae ¥ Mace oleoresin

terreedflcnreinn

¥ Nutmeg oleoresin
¥ Parsley oleoresin
¥ Turmeric oleoresin

Clove oil Svowveriten Myriaceae
Crrarerr i

Lemon grass Cverrlreapreassesns Poacac

citrares ¥ Cinnamon oleoresin
Patchouli Peagraastorniesrn Lamiaceae

cexhrding
Khus Clrvseprcaszar Poaceac

Sizerricaicles

Citronella Cvmnrhoapogan Moacae
rrerrefis

Here these are the some of the examples of essential oils and oleoresins in this table.
Essential oils like peppermint oil, eucalyptus oil, wild mint, van tusli, lemon tulsi, clove oil,
lemon grass, khus, and citronella. So, these are the some of the common categories of
materials which are known for their essential oil content. Some oleoresins like black pepper
oleoresin, capsicum oleoresin, cardamom, cassia bark, celery seed, mace, nutmeg, parsley,
turmeric, cinnamon, all these are used for, there oils are made with the oleoresins.

! Active compounds in spices

Spices Active compounds Beneficial effects
Turmeric ¥ Curcumin ¥ Anti-infl y, anti-coagulant, in dental use
: Yi al.
Garlic ¥ Allicin, diallyl disulphide (DADS), ¥ Antibacterial, antiviral, antifungal, anticarcinogenic ::::F;]:::"::?TII:I
diallyl trisulfide [DATS) [2015): Shah et al
= z = (2011)
Ginger ¥ Gingerol, paradol, zingerone ¥ Anti-inflammatory, antifungal, antiviral, anticlotting,

in toothache, antiulcerogenic

Anise ¥ 1-methoxy-4-(1-propenyl) benzene ¥ Antimicrobial, antioxidants, anti-inflammatory

Clove ¥ Eugenol ¥ Bone diseases

Lemon- ¥ Neral, citral, geranyl acetat, ¥ Antispasmodic, hypotensive, anticonvulsant

grass citronellal, geraniol analgesic, antiemetic, antitussive, anticheumatic,
antiseptic and treatment for nervous disorders

Cardamom ¥ 1.8-cineole, terpinolene, myrcene, v lHepatic diseases, hypertension

quercetin, kaempferolluteolin,

pelargonidin
Cinnamon ¥ Procyanidin, cinnamaldehyde ¥ Increase coronary blood flow, provoke pituitrin
induced reduction of blood flow, reduce peripheral,
\'.i‘.\iILH resistance, increase cardiac l(llllldlll]l' r‘i)ll

Active compounds in spices

Spices, their active compounds and beneficial effects are shown in the table. For example in
turmeric, curcumin is the major active compound, it has anti-inflammatory, anti-cogulant,
and it is used for dental purposes. Garlic has allicin, diallyl disulphide, or diallyl trisulphide
active compounds and are known for its antibacterial, antiviral, antifungal, or
anticarcinogenic activities. In ginger, there is gingerol, paradol, or zingerone, these all
compounds are known for their antibacterial, anti-fungal, antiviral activities, etc. Anise, the
active compound is 1-methyl-4-1-propenyl benzene. In clove, it is the eugenol. In lemon
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grass, it is the neral, citral, geranyl acetate, citronellal, and geraniol. In cardamom, it is 1,8-
cineole, terpinolene, myrcene, quercetin, and luteolin. In cinnamon, it is procyanidin,
cinnamaldehyde, etc. All these active compounds present in different spices are known for
their anti-bacterial, antioxidant, anti-hyper protective, etc. that is they have the medicinal
properties.

Extraction techniques

@& ¢ Chemical classes
s Improve food
e OH

Food o |
EXTRACTION =i : -

p/Y Applications safety
i i ; Enhance

i ~ -_'.-:-. food colou
Spices Bioactive compounds

Add functional
properties

Conventional techniques
* Hydrodistillation * Supercritical fluid
+ Steam distillation = Subcritical water
« Solvent extraction + Ultrasound assisted
« Maceration * Microwave assisted

Pulsed electric field

Extraction techniques

For the extraction of these essential oils and oleoresins, different techniques are used.
Appropriate extraction technologies like in conventional method, hydrodistillation, steam
distillation, solvent extraction, or maceration whereas the novel techniques like supercritical
fluid extraction, subcritical water, ultrasound-assisted, microwave-assisted, or pulsed electric
field assisted extraction technology is used to obtain the extract oils and oleoresins. They are
then subjected to various food applications to add functional properties into the food, improve
food safety, because many of them has antimicrobial activities, or also they are used to
enhance food colors like curcumin, etc. as they are known as natural colorant.

Conventional techniques -
QO Hydrodistillation n
\ S
« This method consists of immersing the plant material in a i L o l‘“
water bath; the mixture is then heated to boiling point, at PR, —

atmospheric pressure

* Under a source of heating, odorous molecules contained in the
plant cells are released in the form of an azeotropic mixture.

+ Although most of the components have boiling points above 100 °C,
they are mechanically driven with the water vapor.

= The cooling by condensation leads to the separation of the mixture water
and the EOs by decantation.

* Thus, the water and the volatile molecules i.e. essential oils are separated
by their differences in density. The duration is generally between 3-6 h.



Conventional techniques

Hydrodistillation method consists of immersing the plant material in a water bath, the mixture
is then heated to boiling point at atmospheric pressure. Under a source of heating, the
odorous molecules which are contained in the plant cells are released in the form of an
azeotropic mixture. Although most of these components have boiling point above 100 °C,
they are mechanically driven with the water vapor. The cooling by condensation leads to
separation of the mixture water and the essential oils by decantation. The water and the
volatile molecules i.e. essential oils are separated by their differences in the density. The
duration generally may take around 3 to 6 h.

Conventional techniques (contd..) -
Q Steam distillation n
+ Steam distillation is suitable to extract heat sensitive ™ i | [
components (e.g, volatiles), and purify them by the . 2 —
application of steam. Y R s
* The extraction of the desired compounds at a temperature : I '_
below their boiling point and the application of steam E:‘-E—‘f
would volatize them at a temperature lower than 100 °C, i
at atmospheric pressure.
* The steam destroys the structure of plant cells, releases the contained
molecules and takes away most of the volatile components. A
+ The oil is then carried by the steam out of the column and into a '*?‘
cooling system (condenser) where the steam is condensed back to a

mixture of water-oil liquid.

A

Steam distillation is suitable to extract heat sensitive components or volatiles and purify them
by the application of steam. The figure is almost similar to that of Hydrodistillation, but here
the water is boiling water or steam is used. The extraction of the desirable components at a
temperature below their boiling point and the application of steam would volatize them at a
temperature lower than 100 °C, at atmospheric pressure. The steam destroys the structure of
the plant cells, releases the contained molecules and takes away most of the volatile
components. The oil is then carried by the steam out of the column into a cooling system i.e.
condenser where the steam is condensed into a mixture of water-oil liquid.

Solvent extraction involves dissolving the plant material that contains essential oils in a
solvent and then evaporating it to recover the essential oils. Solvent normally used are
hexane. There is a porous thimble that is loaded with the solid sample and is placed inside the
main chamber of the soxhlet extractor. Then by refluxing the solvent through the thimble
using a condenser and a siphon side arm, the extraction cycle is repeated many times. The
extraction technique can also be combined with the microwave-assisted extraction and
ultrasonic-assisted extraction in an attempt to improve the extraction efficiency.



Conventional techniques (contd..)
O Solvent extraction

= Solvent extraction (SE) involves dissolving the plant material
that contains EOs in a solvent and then evaporating it to
recover the EOs.

« Solvents used : Hexane

Condenser Coalng

Cxtracton

. A porous thimble loaded with a solid sample is placed inside the vapor j
/ main chamber of the Soxhlet extractor.

Mantie

2_' " By refluxing the solvent through the thimble using a condenser and
/" a siphon side arm, the extraction cycle is repeated many times.

( 3 \ The technique has also been combined with microwave-assisted
~—" extraction and ultrasonic extraction in an attempt to improve
extraction efficiencies.

Q Maceration extraction (ME)  Agitation during
+ This technique was used for the extraction of essential oils and - maceration facilitates
active compounds since old times. - ¥ Diffusion
The whole or coarsely powdered crude material undergoes . ¥ Separation of

grinding to increase the surface area for proper mixing of

g ! concentrated solution
powdered materials with the solvent.

from the sample

: : : surface
Process is done in a closed vessel where an appropriate solvent ;
(menstruum) is added. . ¥ Increases the
|+ extraction
The solvent is strained off followed by pressing the solid residue . yield

of the extraction process known as marc to recover an optimum
| amount of occluded solution.

Both the obtained pressed out liquid and the strained solvent
are mixed together and separated from unwanted materials by
filtration.

Maceration extraction technique is used for the extraction of essential oils and active
compounds since old times. The process involves the whole or coarsely powdered crude
material which undergoes grinding to increase the surface area for proper mixing of the
powder material with the solvent and then this process is done in a closed vessel where an
appropriate solvent is added, the solvent is strained off followed by pressing the solid residue
of the extraction process known as marc to recover an optimum amount of occluded solution.
Both the obtained pressed out liquid and the strained solvent are mixed together and
separated from unwanted materials by filtration.

Agitation during maceration facilitates diffusion, separation of concentrated solution from the
sample surface, and it increases the extraction yield.



Q Comparison of different conventional extraction techniques
0/Steam Solvent Maceration

extra ex on

Advantages * Absence of * Used forasolid  + Require small volume of
organic solvents sample with menstruum
ke i
* No need for the limited solubility ®
dehydration of + Most simple and
the samples easy to use
* Shorter

extraction time

Limitations * High temperature + Long extraction * Longer extraction time

limits the use for time
R * Poor solvent penetration
eac- "
i . * Consumption of compared to others
sensitive phenolic
large amount of

compounds * Yield is low

solvent

Comparison of different conventional extraction techniques

In this table, there are advantages and limitations of different conventional extraction
techniques. Hydro or steam distillation does not use any organic solvent, so it is
advantageous. There is no need for the dehydration of the sample and it has a shorter
extraction time. However, the high temperature limits the use of heat sensitive phenolic
compounds. In the solvent extraction, it uses a solid sample with limited solubility and it is
most simple and easy to use. However, it takes a long extraction time and the consumption of
large amount of solvent is a limitation. Then, in the case of maceration extraction, it requires
a small volume of menstruum that is the advantage, but the limitation is longer extraction
time, poor solvent penetration compared to others and also here the yield is low.

Novel techniques
Q Supercritical fluid (SCF) extraction

Raw material is Pressurize the fluid The compounds e Y The fluid i5 either
placed inan and regulate the dissolved in the ‘”' s |1 u recycled or
extraction temperature Nuid are conveyed S e released to the

 hot
cantalner conditions to the separator the bottom environment

s o o Dseied e v o 2 S ~
03 The critical point of any fluid is the ability to

4 Pressure pump

T neither behave like gas nor liquid above a
T L Toemiment critical temperature (CT) and pressure (CP).
Mw‘ul“\ |f AR . i.'_'..... """"" ¥ It can easily diffuse into a solid matrix
= EETTR like a gas while also having a high
maesl | 1 o Sepanstion | :‘ " _ % o
kb dumber (T capacity to dissolve compounds like
| i e a liquid.
compeands s ¥ €O, with CT 31°C and CP 74

= RJ__T_ bar is the most commonly

used SCF for food application.
source: I'antnaik et 21). Da Silva et al [2016])
Novel techniques

One of the most important novel extraction technology which is used presently by many
industries is the supercritical fluid extraction. In this process, raw material is placed in an



extraction container, where the fluid is pressurized and regulate the temperature conditions,
and then the compounds are in the extraction column which is mixed with the basically the
pressurized carbon dioxide and temperature and pressure are controlled regulated to the
desired level. The compounds are dissolved in the fluid, they are conveyed to the separator,
and collected at the bottom and the fluid is rather rejected or released to the environment. The
critical point i.e. there is a critical temperature and critical pressure and above which these
liquids (carbon dioxide, water), they behave as a supercritical fluid. So, it can easily diffuse
under those conditions into a solid matrix like gas while also having a high capacity to
dissolve compounds like liquid. So, supercritical fluids have both the properties of a liquid as
well as gas.

For carbon dioxide the critical point that is critical temperature is around 31 °C and the
critical pressure is about 74 bar, above which the carbon dioxide will be in a supercritical
fluid state.

Supercritical fluid (SCF) extraction (conw..)

+ SCFs have an advantage in terms of diffusivity, solute capacity and low viscosity over other solvents.

* Due to its low polarity, the solvation power of supercritical CO, to dissolve the bioactive from a solid
matrix gets reduced. Thus, it is often used in conjunction with a co-solvent or a modifier.

Selective extraction of bioactive compounds or co-precipitation of heat sensitive antioxidants

By micronization through supercritical anti-solvent (SAS) process where supercritical C0, is used as anti-solvent.

The solute containing €O, continuously flows into Solute-organic solvent mixture is
bivactive compounds are the extraction system then sprayed into 5C-CO, where the
dissolved in an organic under a regulated pressure organic solvent is extracted out of

solvent and temperature condition the atomized solute droplet by CO,

Due to high miscibility of organic

solvent in SC-CO. 3t super-critical This phenomenon Results in nucleation
conditions :l‘n ;“,;m""'t mu‘ttul diffusion induces saturation and and precipitation of
occurs at ‘hL‘ Inll.‘l'r'-ll.'l' llr lhl.‘ .‘;ll]ull.‘ ;If“l Ph-lSE‘ se.p;".l.lt-lon D' 'ﬂl'g?t bloﬂf"v?
solute in SC-CO, compounds

5C-C0,

Sowirce: Paltnaik cial [2021)

So, these supercritical fluids have an advantage in terms of diffusivity, solid capacity, and
low viscosity over other solvents. Due to its low polarity, the salvation power of the
supercritical carbon dioxide to dissolve the bioactive from a solid matrix get reduced. Thus, it
is often used in conjunction with co-solvent or a modifier. Many times, depending upon the
nature of the compound which needs to be extracted, the co-solvent or intruder generally
ethyl alcohol, ethanol, etc. are used. The selective extraction of bioactive compounds or co-
precipitation of heat sensitive antioxidants can be done using SCF as well as a mixture of
SCF or intruder or co-solvent. By micronization through supercritical anti-solvent (SAS)
process, where supercritical carbon dioxide is used as an anti-solvent.

The solute containing bioactive compounds are dissolved in an organic solvent. Carbon
dioxide continuously flows into the extraction system under a regulated pressure and
temperature condition. The solute-organic solvent mixture is then sprayed into supercritical
carbon dioxide, where the organic solvent is extracted out of the atomized solute droplet by
carbon dioxide. Due to the high miscibility of organic solvent that is supercritical carbon



dioxide at its supercritical conditions, an instant mutual diffusion occurs at the interface of
the solute and the SCF and this phenomenon induces saturation and phase separation of the
solute in the supercritical carbon dioxide. Finally, this results in the nucleation and
precipitation of the target bioactive compounds. So, by using this, selective extraction of
bioactive compound can be possible.

Novel techniques (contd..)

g : ¥ The basic principle of extraction by thi
Q Subcritical water extraction (SCWE) e dsenhesiuin e

technigue involves heating water to a

N > vilve temperature between 100-320 °C ata
w'[':,',,,:‘;m _q,,m % | - ressurepump pressure (~20-150 bar).
[ Esction 7 g ¥ At these given conditions, water remains
wmrhommr__,_-.-"'-‘:”w g - ; in its liquid state, however, the dielectric
Gt xmgaan? i/ f2|™ : constant of water is altered (i.e., 80 at
L [cotocionthanber room temperature to ~27 at 250 °C).

=

¥ The dielectric constant of water

Temperature
contral

Be1 Y oY

%_ - S F—— becomes comparable to t}‘mt of
U methanol and ethanol which
are 33 and 24, respectively

Bioactive compounds at25°C.

Frme—

Pressure contral =
T Separstor

'+ Due to the low dielectric constant of water, the polarity, viscosity and surface tension |
is reduced, consequently, the dissolution of non-polar molecules is improved.

Subcritical water extraction

This method also on the similar principle as SCF, but here other than COz, water is used. The
basic principle of extraction by this technique involves heating water to a temperature
between 100 to 320 °C at a pressure of about 20 to 150 bar. At these given conditions, water
remains in the liquid state. However, the dielectric constant of water is altered from 80 at
room temperature to approximately 27 at 250 °C. The dielectric constant of water becomes
comparable to that of the methanol and ethanol which are 33 and 24, respectively at 25 °C.
Due to these low dielectric constant of water, the polarity, viscosity and surface tension is
reduced, and consequently, the dissolution of the non-polar molecules is improved which
helps in extracting the bioactive compounds.

Ultrasound-assisted extraction

The ultrasound having frequency ranges from 20 to 100 kHz is used for effective extraction
of functional compounds. Ultrasound causes acoustic cavitation which results in a cell wall
destruction and that facilitates extraction. The propagation of ultrasound wave in liquid media
induces cavitation bubbles to grow and collapse, generating various physical effects that
includes microjets, shockwaves and turbulence. These physical forces cause cell wall
breakdown, cell surface holes, and exudation of nutrients from the cellular plant matter into
the solvent.



Novel techniques (contd..)
U Ultrasound assisted extraction (UAE)

= Frequency ranges from 20 kHz to 100
kHz is used for effective extraction of
functional compounds.

Ultrasound generator

Pressure

* Acoustic cavitation results in cell wall
destruction ¢hat facilitates extraction. bkl L L

« The propagation of ultrasound wave in liquid media induces
cavitation bubbles to grow and collapse, generating various physical
effects that include microjets, shockwaves and turbulence.

* These physical forces cause cell wall breakdown, cell surface holes,
and exudation of nutrients from the cellular plant matter into the
solvent.

source: Paltnaik cLal (2021)

Ultrasound assisted extraction (contd..)

. . Dependznt * Expansion during the
| Cavities — aaaum (_fr negative pressure cycle.
R of acoustic . -y
cycles. . COI'I.tlt:lCtllJn during the
i . positive pressure cycle.
e ® o Do . *

Pressure

* Collapse of material # « Release of bioactive compounds

¥ The expansion and contraction is followed by the diffusion of vapour in and out
of the bubble,

¥ Diffusion process causes accumulation of mass in the bubble over time, resulting
in net bubble growth known as rectified diffusion.

¥ Bubbles collapse after growing up to a certain size called as resonance or
critical size that is inversely related to applied frequency.

Rargfact .
arglaction . Rerefaction

Mostly, water is preferred but other solvents viz. ethanol, methanol and hexane are also used.

o Pallnark cLal (2021]

Cavities are dependent on the number of acoustic cycles, and then there is an expansion
during the negative pressure cycle or contraction (compression) during the positive pressure
cycle. The expansion and contraction is followed by the diffusion of vapour in and out of the
bubble. A diffusion process causes accumulation of mass in the bubble over time resulting in
the net bubble growth which is known as rectified diffusion. So, bubbles collapse after
growing up at a certain size called as resonance or critical size that is inversely related to the
applied frequency. Mostly water is preferred, but other solvents like ethanol, methanol,
hexane, etc. can also be used in the ultrasound-assisted extraction.

Microwave-assisted extraction

In a microwave oven, some container (flask) is kept and sample is placed in the flask and the
heating system is through the microwave as seen in the figure. Microwave can be implied in
combination with classical solvent extraction. Microwave energy absorbed by the polar
materials is transformed into heat by ionic conduction and dipole rotation which is known as
dielectric heating. The solvent with high dielectric constant is selected for the extraction of
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bioactive from spices and condiments and for maximum absorption of microwaves that
converts into kinetic energy. The molecules with high kinetic energy thus diffuse into the
matrices resulting in effective mass transfer of solute into the solvent.

Novel techniques (comd..)
Q Microwave assisted extraction (MAE)

MW can be employed in combination with
classical solvent extraction. R

gl Ny —

MW energy absorbed by the polar materials is
transformed into heat by ionic conduction and

dipole rotation known as dielectric heating. R

solvent extraction apparatus

! The solvent with high dielectric constant is
selected for extraction of bioactive from spices
and condiments for maximum absorption of MW :
waves that converts into kinetic energy. materials
¥ Permeability

of the matrix

Factors
¥ Source of raw

The molecules with high kinetic energy thus
diffuse into the matrices resulting in effective
mass transfer of solute into the solvent. ¥ Targeted
compound

- Kusuma & Mahlud, (2016)

The factors needs to be controlled during this microwave-assisted extraction process are the
source of the raw materials, permeability of the matrix, and targeted compounds.

MW assisted extraction (contd..) Mechanism

Selective absorption of MW energy by the water glands
inside the sample matrix

Ciroalanar . ‘Samzle matri contiming busactive compound
—A\— e Eeacin st o Localized heating above or near boiling point of

AON T ettt water causing expansion and rupture of cell walls

U . i by disrupting the interaction between solute and

t::ﬁ—'w active site of matrix through splitting of hydrogen
Sohveat

- bonds, van der Waals force and dipole attraction.

N Disrupted cell promotes mass
'ﬂ} transfer of the solvent into the
n sample matrix and bioactive
) NS t Sl oo b osien mpnnd compounds into the solvent.
Dipole retwion and polaiantion [ P ——

.@: r'./;;\ (%) @ B D sl st o Extracted bioactive compounds
- 1. SobBadtio ol boatit Lomgeund o e shent dissolve into the surrounding
solvent.

Surrrvet Pattnaik ot al [2021), Alupulbui ot al (2012)

The mechanism of microwave-assisted extraction is the selective absorption of microwave
energy by the water glands inside the sample matrix. Then, there is a localized heating above
or near boiling point of water causing expansion and rupture of cell walls by disrupting the
interaction between solute and active sites of the matrix through a splitting of hydrogen
bonds, Van Der Waals forces, and dipole attraction. Then, the disrupted cell promotes mass
transfer of the solvent into the sample matrix and bioactive compounds into the solvent.
Finally, the extracted bioactive compounds dissolve into the surrounding solvent.
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Novel techniques (contd..)

Ihj:tdﬂ
O Pulsed electric field extraction (PEF)  «@= 7 . .
* Itis a non-thermal method which induces
cell destruction through application of ssaene — : )
wompounds

electric pulses.

Betare PEF Appleation of PEF Ascumalation of chaegts
* Electric pulses are applied in short duration (ranging from
milli to nanoseconds) at moderate electric field strength (EFS).  Factors

* The sample matrix exposed to electric fields accumulate
charges on either side of the membrane surface, generating
transmembrane potential on the cell surface.

¥ Pulse number

v Treatment
*  When the transmembrane potential exceeds a certain critical temperature
limit, the weaker sections of the cell membrane creates pores v Specific energy
known as cell electroporation. input

* It promotes inerease in permeation across the cell membrane,

( l y ¢
facilitating the release of intracellular compounds. Electrode gap

Pulsed electric field extraction (PEF)

PEF is a non-thermal method which includes cell destruction through application of electric
pulses. Electric pulses are applied in short duration ranging from milli to nanoseconds at
moderate electric field strength. The sample matrix exposed to electric field accumulate
charges on either side of the membrane surface, generating transmembrane potential on the
cell surface. When the transmembrane potential exceeds a certain critical limit, the weaker
section of the cell membrane creates pores, which are known as cell electroporation. This cell
electroporation promotes the increase in permeation across the cell membrane, facilitating the

release of intercellular compounds.

The factor which are responsible or which have the significant effect on this process include
pulse number, electrical field strength, treatment temperature, specific energy input, and

electrode gap.

Q Comparison of different novel extraction techniques
SCFE SCWE USAE MWAE PEFAE

+ Non-toxie, non- sEnvironment  * Shorter * High extraction  + Non-thermal

Advantages

explosive friendly time rate treatment
+ Better extraction of ’
nonpolar *Low toxicity =+ Increased  + Lessuseof * Better selectivity
S B extraction extraction solvents
* Partially polar « Preserve
1 method rate :
u_|||n|mu|u . * Shorter sensitive
* High solubility of * Higher extraction time compounds
oxyvgenated organic vield
compounds of = * Increased

medium molecular extraction yield

weight
Limitations * Slow extraction + Corrosive *Longer * Solute *Membrane
kinetics extraction degradation at changes can be
* High time causes  high reversible
reactivity of 1 jeirable temperature
water at e *Air bubbles make
. subcritical " * Risk of explosion  the process less
state due to high effective

pressure
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Comparison of different novel extraction techniques

Supercritical fluid extraction is nontoxic, non-explosive, there is a better extraction of
nonpolar components, results in partial extraction of partially polar compounds also. It has
high solubility of oxygenated organic compounds of medium molecular weight. However, the
limitation is the slow extraction kinetics.

Subcritical water extraction is an environment friendly technology. It is low toxicity
extraction method, so this is advantageous and the limitations are it is corrosive, and the high
reactivity of the water at subcritical state. The ultrasound-assisted extraction, it is shorter
time, increase extraction rate, higher yield, but limitations are longer extraction time causes
undesirable changes.

Microwave assisted extraction, its advantage is it has a high extraction rate, less usage of
solvents and shorter extraction time but the limitations include solute degradation at high
temperature and risk of explosion due to high pressure. The PEF assisted extraction is a non-
thermal treatment, better selectivity, it preserves sensitive compounds, and there is increased
extraction yield. However, the limitations of this system include membrane changes can be
reversible, and air bubbles make the process less effective.

Case Study 1 : Extraction of clove oil &
0 Characteristic of clove oil extracted from different parts of clove

Compound Bud (%) Range Stem (%) Range Leaf (%) Range
Essential oil 18 15-20 6 5-10 3-4 1-4
Specific gravity 10 425 1004-1057 10 495 1048-1056 1030 1030-1060
Refractive index 15 296 1528-1538 15320 1534-1538 15295 1520-1540
Optical rotation -11 0-(- 1.58) -1.05 0-(- 1.50) - 1.58 - 158
Total eugenol content a0 85-93 85 89-85 82 78-93
Selubility in ethanal 1:2 1:2 1:2 1:2 1:2 1:2

True eugenol 61.62 B0 771

Eugenol acetate " 18.72 2.1 trace

B-Caryophyllene 15.27 12.70 17.02

source: Nurdjannah & Bermawie (2001)

Case Study 1: Extraction of clove oil

The characteristics of clove oil extracted from different parts of the clove plant (bud, stem,
and leaf) are shown in the table. The essential oil obtained from bud is 18 %, range is 15 to
20 %, from stem it contains 6 %, range is 5 to 10 %, and from the leaf it is 3 to 4 %, the range
maybe 1 to 4 %. Similarly, specific gravity, refractive index, optical rotation, total eugenol
content, solubility in ethanol, true eugenol, eugenol acetate, or beta caryophyllene all these
compounds from the bud, stem and leaf is shown.
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Extraction of clove oil (contd...)

O Comprehensive comparison of the clove oils obtained by FpRS N i et

different methods Steam distillation for 8-10 h

at 60 °C,
Clove oil Yield  Eugenol plus eugenol  Extraction Color and Organic solvent | '
%) e (%) iod 1) e g d o | Soxhlet extraction with
acelale ETIO exture ik
P absolute ethanol for
SFE (50°C, 196 5884196 2 Pule yellow il No about 6 h, eXtracts were
; concentrated using
U MPa)
U MPa) rotary vacuum
Steam distillation 101 6124102 10 Pale yellow oil Yes SHeparae
at 50 °C,
Hydrodistillation 115 50.3+32 4-0 Brown yellow  Yes
al
Soxlilel extraclion 418 308+ 9.3 [} Brown Yos
ointment
source: Guan et . (2007)

The comprehensive comparison of the clove oil obtained by different methods is shown.
Methods used are supercritical fluid extraction at 50 °C and 10 MPa pressure.
Hydrodistillation for 4 to 6 h, steam distillation for 8 to 10 h at 60 °C, and soxhlet extraction
with absolute ethanol for about 6 h, and here in the soxhlet extraction, extracts were
concentrated using rotary vacuum evaporator at 50 °C. The yield is reported maximum in the
case of soxhlet extraction i.e. 41.8 % followed by 19.6 % in supercritical fluid extraction and
then hydrodistillation or steam distillation are almost similar, but the eugenol plus eugenol
acetate 1.e. the active compound yield is maximum in the steam distillation and SCFE
followed by hydrodistillation and is minimum in the soxhlet extraction process.

Similarly, the extraction time is minimum in SCFE and maximum in steam distillation or
soxhlet extraction. The color and texture in the SCFE and steam distillation is pale yellow oil,
but in the soxhlet extraction there is some discoloration maybe brown ointment. The organic
solvent obviously in the SCFE, no organic solvent is used, in steam distillation,
hydrodistillation and soxhlet extraction, organic solvent is used.

Extraction of clove oil (contd...) Eugenol content (%) of clove extracts obtained at different extraction condi-
i3 tions.
& . . Experiment Extraction conditions Fugenol (%") Eugenol (§/Kg juye)
104 - -
> " - . Supercritical CO;
os - 1 150bar 40°C 25.69 = 0.10" 195 + 0.006"
. 4 & - L] 2 150bar 60°C 2462 = 019" 1.81 = 0.001"
‘; i 3 185bar 50°C 2341 = 179" 227 £ 0174
3 m 4 220bar 40°C 2084 + 0.24° 322 = 0.025°
L v 5 220bar 60 'C 2285 + 013" 234 + 0.008°
044 : Soxhlet
/7 [3 Hexane 567 = 0.11° 1.12 = 0.015
0.2 (P
j Same superscript in the same column indicate that there was no significant
Y LA z . £ : R A difference at the 5% level,
0 20 40 L L * g of cugenaol per 100g of extract,
Tima (min)
Experimental and modeled kinetics curves for clove leaves extraction with SCF CO,
u (150 bar, 40°C); o (150 bar, 60 °C); A (185 bar, 50 °C);

o (220 bar, 40 °C); * (220 bar, 60 “C) .
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The extraction of clove oil i.e. the eugenol content (%) of clove extracts obtained at different
extraction conditions is shown. Five SCFE conditions viz. 150 bar at 40 °C, 150 bar at 60 °C,
185 bar at 50 °C, 220 bar at 40 °C, and 220 bar at 60 °C are taken. One condition for Soxhlet
extraction with hexane solvent is used.

The eugenol content varies with the temperature and pressure both and the maximum eugenol
content is found at 220 bar and 40 °C SCFE condition and SCFE has more eugenol content in
comparison to the Soxhlet extraction. The same thing can be seen in the yield and time curve.
In the case of SCFE conditions, 220 bar and 40 °C gave better extraction.

Case Study 2 : Extraction of lemon grass oil

V' Pre-process Clcan‘lng of required part  Cooled at low temperature
1\\ " Large washi :
. : ge washing Pur B SO
Procurement of raw ~ tank TN ]om_on grass » Y==
: - e oil '
material l ) I
| Feed to heating tank | Vacuum evaporation

= — e " Oil separation &

| Steam distillation  ——".  extraction

* Minimum citral oil yield of 0.53% was obtained on sample particle size of 3 cm and
bed volume of 80%,

* Maximum yield of 1.95% on sample particle size of 15 cm and bed volume of 40%.

+ Solubility of citral oil in alcohol was 70% in ratio of 1:1,

* Citral oil concentration was 79%.

source: Alam et al. (2018)

Case Study 2: Extraction of lemon grass oil

The second case study is the extraction of lemon grass oil. This lemon grass, raw material is
preprocessed, cleaning of the required part, large washing tank, feed to heating tank, steam
distillation, followed by oil separation and extraction, vacuum evaporation, to get a pure
lemon grass oil which is cooled at low temperature.

The minimum citral oil yield of about 0.53 % was obtained on the sample particle size of 3
cm and bed volume of 80 %. The maximum yield of about 1.95 % on the sample particle size
of 15 cm and bed volume of 40 % was reported by Alam et al. (2018). Solubility of citral oil
in the alcohol was around 70 % is the ratio of 1:1 and the citral oil concentration was around
79 %.
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Case Study 3 : Extraction of turmeric essential oil

MW assisted solvent extraction « Extraction time significantly
(p< 0.05) decreased from 30 to
10 min with increase in power
from 200 W to 400 W.

« Essential oil yield was higher
using hexane.

= Optimum condition for
microwave assisted
extraction was
300 W for 20 min.

(b)

Effect of microwave power and extraction time on essential oil
yield using (a) hexane solvent, and (b) petroleum ether solvent

Case study 3: Extraction of turmeric essential oil

Here, the extraction is done by microwave-assisted solvent extraction. The effect of
microwave power and extraction time on essential oil yield using hexane and petroleum ether
solvent is shown in figure. In both the cases, RSM plot showed that the extraction time
significantly decreases from 30 to 10 min with the increase in the microwave power from 200
to 400 W. Essential oil yield was higher when hexane was used as a solvent. Optimum
condition for microwave-assisted extraction was found to be 300 W microwave power and 20

min extraction time.

Extraction of turmeric oil (cond..) }m
0 Comparison of hydro-distilled oil to sub-critically extracted oil &7

from turmeric W
4 v b -
Sub-Critical Oven Dried .

Hydrodistilled Fresh

Type of Material : Turmeric
Turmeric a
Components Quanity of Componently 25°C 65 Bar
Quantity of Component/g

ot curcumene 0 0.046
B sesquiphellandrene 0.013 0.109
zingiberene 0.016 0.089
ar-turmerone 0.124 0475
turmerone 0.365 0.292
curlone 0.122 0.307

Source: Me Gaw & Skeens (2021)

Comparison of hydro-distilled oil and sub-critically extracted turmeric oil is shown in the
table. The compounds extracted are o-curcumene, B-sesquiphellandrene, zingiberene,
turmerone, and curlone. The hydro distilled fresh turmeric gives no a-curcumene, whereas

the subcritical oven dried gives a-curcumene about 0.046 per gram.
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Extraction of turmeric oil (cond..)

O Average yield & percentage of key components as a function of pressure & temperature ‘

ne . rold % : n The % of the Key 1 i
Temperature in € Pressure in Bar Average Yield % Dry Weight Basis Texperatiire in °C Puesanie b Bar e % of the T.: I(;:;;:::::ﬂi etermined

] L] 847

» 8 858 5 &5 0y

an 7 5% 25 [~ 9

& e % il a2

o - 2 f, 27 I 542

= e 27 - 72

P | [LH) n 52

1 65 i £ o e

El 68 590 30 o8 467

0 7 L%} w 71 He

[}
Kaw Material Volume of L « in 1y o

Collecied in mLs

Extl‘action Freali Peslesd Turmeric 081 ml
b}" hydm» Fresh Unpecled Turmeric 0.80 mL
distillation

Dviand Powhsd Turmaeri (K2 il

Drried Unpeeeliod Turmeri .E0 i

The averape quantim of o0l colhoc o comvaerts o 8 yield of £ 200 o o dr

The average yield and percentage of key components as a function of pressure and
temperature is provided in the table. In the extraction temperature, 3 extraction temperatures
are used 25, 27 and 30 °C and for each extraction temperature three pressure 65, 68 and 71
bar was taken. The average yield in % dry weight basis is determined in the extract. With the
bearing that both temperature and pressure, the yield percentage as well as extracted key
components are changing. So, for fresh peeled turmeric, fresh unpeeled turmeric, dried peeled
turmeric, and dried unpeeled turmeric, the volume of oil collected is approximately same.
Obviously, in both the cases, the peeled turmeric gives you the more volume of oil in
comparison to the unpeeled one.

.

¥" The demand for extracting bioactive by green technology with no solvent or
minimal use of GRAS classified solvent is increasing.

v Targeted selection and optimization of an extraction technique for a specific
bioactive may enhance the extraction efficiencies.

¥ Owing to the potential toxicity of some organic solvents, solvents such as CO,,
water, and deep eutectic solvents can be used as alternatives.

¥ More focus on non-thermal emergent technologies like PEE or combinations of
two or more techniques, could be given to ascertain the potential to obtain higher
extraction yields, lower energy consumption, and environmental impact.

Summary

The demand for extracting bio actives by green technology with no solvent or minimal use of
GRAS classified solvent is increasing. However, the selection of appropriate method,
optimization of the extraction process techniques, etc. is required to retain the extraction
efficiency, characteristic flavor and bioactive nature of the compound. Owing to the potential
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toxicity of some organic solvents, solvents such as carbon dioxide, water, and deep eutectic
solvents can be used as an alternatives. However, the more focus is on the non-thermal
emergent technologies like PEF, or combination of two or more techniques like microwave
assisted extraction or that PEF assisted extraction, ultrasound assisted extraction, they have
better potential, they offer promise as per the extraction of essential oils and oleoresins with
good characteristic flavoring potential, bioactive and antioxidant potential.
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