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ARTICLE INFO ABSTRACT

Article history: In recent times, major concern had been placedheretonomic importance of ma
Received 13 April 2016 constituents of chili pepper to oursociety; reskavork had therefore been extensiv
Accepted 21 June 2016 carried out on the conventional way of extractifgs tactive component call¢
Published 28 June 2016 caps&in obtainable in different cultivars of locallyayvn peppers. However seve

drawbacks abound when isolating capsaicin usingdmeentional approach and the
include high solvent consumption, low extractiorlgj solvent contamination, high

Keywords: cost of extraction and longer extraction time, amongeotfactors. These «backs
Capsaicin, pepper, extraction, therefore necessitated the introduction of an imgadomethod called microwa
conventional,, microwave-assi sted. assisted extraction. This review therefore providedimple theoretical backgrou

tocapsaicin laching processusing different traditional methodéthav careful
comparativedescription of microwave potential fptimum extractior

INTRODUCTION

Chili pepper is grown in many parts of tropical and syfitral parts of the world including Vietnam, Ind
Brazil, Indonesia, and Malays@mong othersVietnam being the largest producer oé tworld pepper marke
accountedor over 44% of the world prodtion followed by Indiabeing second world largest pepper gro
(Mokshapathy, 2013Pandey,2012). Pepper thereforean important agricultural crop with economic
nutritional and health benefitgysed as spices in food industry, traditional medicias anti-rheumatic,
agricultural industry, pharmaceuticals as an arsdgessential balm production as an adiabatictanbs, anc
also as tear gas components in poli(defense) (Kolewet al., 2013;Nwokenet al.,201(., Adkins, L. D. 2003).
This benefit isdue to the presence of significant quantities dfedint varieties of carotenoids, vitamil
minerals, and phenolic compounds with antioxidaharacteristics (Howarcet al. 2000) Its nutritional
quality,pungency,aroma and colmake them good food additives.Also, besidtssuse as food additive
capsaicin has alsgotten clinical use in pharmaceutical industry &ndften regarded as an analgesic subs
(in surgery). Due tds ability to suppress pain without necessarilyiiiting biain responses itconsidered as a
potential replacement for traditional anesthesiaclviinas the disadvantages of different health yisksh a:
blockage in the nerve impulses, sore throat, vowitfter surgery, teeth damage, shivering and ik
effects (Giordanet al. 2012; Derry & Moore, 212; Kulkantrakoret al., 2013).

Lengtret al. (2015)in his investigationelucidated 1 therapeutic remedies whesed in small quantities fi
various ailmentsuch as sore throats, asthmoughs, toothaches relievdralm production to assuage pe
shingles, rheumatism and arthritis.ant-bacterial can also not be overemphasizéalyé et al., 2002).lvonnet
al.(2014), alsaeported the use of capsaicin in the treatmenttbfitis, rheumatism,stoma aches, skin rashes,
and snake ikes. This was supported by Cheet al. (2012) who recored the use of some notable capsic
species as anti-mutagenic,diabegiaropathy, po-herpetic neuralgia and anti-tumagen. Robbins (2000) in
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investigated the diical application of capsaicinoi in the extensivenanagement of a number of sensory ni
fiber disorderssuch as cystitis and human immunodeficiency viHI¥].

Capsaicin(trans-8-methyl-Manillyl-6-nonenamide) is a stable, powerful amjor component of the
pepper accounting for about 69% of the total canté belongsto a distinct group of genucapsicum,
exemplifying up to twenty seven species with fivansticated and twenty two -domesticated (Boslaniet
al.,2012).It has a moleculdormula (gH,7NO; and can be industrially produced either from thactien
between vanillamine and methyloc-5-ene-learboxylic acid chloride or through from extractidrom
grounded chilli pepper(Reillgt al., 2003 ; Sharmet al., 2013; L.Asnin& S.Park,2015).
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Fig. 1: Chemical structure of capsaicin (tr-8-methyln-vanillyl-6-nonenamide)

It is a pungent, colourless, odourless, and velatilystalline alkaloids regarded as an active afphre to
its high concentration in chillpepper) as compared to other capsaicinoids whiehpagsent only in trac
guantity (Bosland 1996)here are six major naturally occurring capsaicis inchili pepper and the include
capsaicin, dihydrocapsaicin, nordihydrocapsaihomodihydrocapsaicin, homocapsaicin and noniva with
capsaicin taking up higher proportion fr the total capsaicinoids as shown in figure 2 beltw.cortent
therefore varies witlvariety, climate, geographiceocation, maturity, and methods pffocessing (Rodriguez-
Amaya, 1997) The combine effect of these therefore shows timtne particular pepper is rich in all nutriel
hence the need to consume the pepper as combisfor nutritional benefits(Boslarid®94Emmanuel, 2014).
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Fig. 2: General compositionf major natural occurring capsaicinoids in chplippe

1.2 Overview Ofconventional Methods Of Capsaicinextraction:

There are several approaches used in the extraofiarseful soluble components from sral natural
products;thesolid-liquid d@saction is such method usin purifying and extracting soluble constituents fr
chilli pepper. Different methods employin the purificaion and extraction of capsaicino from pepper matrix
can therefore be broadly categedzintoconventional and modemxtraction techniques (Viktoriet al, 2013;
Silva et al.2005; Vesne al. 2011; Vegcet al. 2019. The conventional method of extraction includies
maceration, hydro-distillatiand soxhlet extractiortechniques (Satyagt al. 2005; Fernande-Roncet al.
2013; Cheret al. 2015; Silveret al. 2017).

Table 1 shows theummary of some of the conventional methods emplagethe isolation of sever
capsaicinoids components of different speciechili pepper.

Table 1: Recent Application of Different @ventional Method in Capsaicin Isoon

Author Method of | Extracting Ager Pepper Sample Global Yield
Extraction

Jiang et | Hydro-distillation | Watel Black Pepper(piper nigrum L.) 3.1%

al.,.2013

Mageeat Hydro-distillation | Watel White and black pepper White=75.2 % + 1.9

al.,2010 Black =76.2% 1.9
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Mohd-Saidet | Hydro-distillation Steam P.nigrumL. (black pepper seed),

al.,2013

Rouatbeét Steam distillation Steam Black pepper 2.1-3.5%

al.,2007

Boonkirdet Maceration Ethanol Dreid Thailand Capsicum frutescens(fruit) addration= 79.4%

al., 2008 Soxhlet Extraction Soxhlet=92.0%

Caporaso et| Maceration Hexane Dried chili pepp&afpsicum annum) 10%-20%

al., 2013

Sivakumaet Maceration n-Hexane Red and Yellow pepper(sweat pepper)

al.,2014 Methanol

Santos et | Soxhlet Extraction| Ethylacetate Malaguetapepper(capsicum frutescens L.) Ethylaees®t 8%

al.,2015 Dichlomethane Dichlomethane=92.19
Ethyl ether Ethyl ether=72.1%
Hexane Hexane=77.4%

Martinez et | Soxhlet and Petroleum Ether Jalapeno peppers(capsicum annum) -

al.,2014 Extraction

Vesnaet Maceration Ethanol, Capsicum annum -

al.,2011 Method methanol L.,ssp(microcarpumLongumconoides)
n-hexane

Viktorijaet Maceration Ethanol and Macedonia

al.,2014 acetone Capsicum(Vezena,Feferona,Bombinal,Sivrija]

Paduanet Maceration Ethanol Red chili (Capsicum frutescens) -

al.,2014 SoxhletExtraction

Scietal.,2014 | Three-Phase- n-hexane,Acetong Red Chili 88%

Extraction and KHPQO,
Hadaet SoxhletExtraction | Acetone Turmer@frcumelonga.L) 6.49%
al.,2014

1.2.1 Maceration Extraction:

This process is widely used in the formulation ohcentrated infusion, tinctures and plant extracts,
involving dampening and softening of plant analytéth suitable solvents (men strum) at room tempeea
This is performed in a closed reactor to prevest $hlvent evaporation and batch-wise variationé (3a
Sharma, 2003). Samuelson (2004), suggested tha¢dletor used should be subjected to a constatattiagi to
attain spontaneity and a rapid equilibrium. Thiswgs the clean men strum to the surface of thet ptaatrix
with the extraction process usually staying fota-15 days, after which the upper liquid layethisn strained
or decanted off the solid residue(marc). And plageder pressure to remove the solution using & abot
special press and the mixture is thereafter ctatifising the filtration method(Singh, 2008).

Viktorijaet al. (2014), investigated the extraction of capsaitom four species of grown Macedonia
Capsicum cultivars (namely vezena, bombona, fefearend sivrija) using the traditional macerationthod
and vacuum filtration methods. This study indicatkdt maceration method extraction was effective fo
extracting the higher percentage of capsaicin fleenBombona species as compared to the other spemes
of capsicum grown in Macedonia. The result shovas dtetone as an extracting agent is inappropsatent
for spectrophotometer wavelength above 280nm wiempered to ethanol. He concluded that the major
drawback for this study is the longer time involiadthe maceration extraction which took about @irisao
complete at a temperature of°60 Vesnat al. (2011), used the traditional maceration extracapproach to
obtain biological active component in two dried rgdprika fruits (capsicum annum L., ssp. and
microcarpumlongumconoides). Three different orgae@vents (ethanol, methanol and n-hexane) were
employed and a comparison made on the extractificiesicies of each of them at different conditioh o
temperature, dynamic time and the solvent time. ffinee solvent were later compared and concludat th
methanol and ethanol permit a shorter extractiome tand a reduced solvent consumption. Also, theaetidbn
yields of the analytes were higher in maceratiothae of extraction but the major drawback in matera
method is the high solvent consumption, and a lowetraction yield and longer extraction time
(Bucaret.a.2013).

However main advantage of this method is the atiairt of a complete extraction of the constituerits o
interest and prevention modification in the chemianstituents of the extract (Jankoatial. 2015).Another
merit of maceration method is the reduction in tost of evaporation, thereby minimizing the ruptimehe
cellular arrangement of thermo-labile constituéntthe extract. This method is highly regarded exignsively
used in the production of phyto-chemicals resulimghe isolation of single pure molecules and d#adized
extracts for therapeutic purposes (Stetra.,2015)

1.2.2 Hydro-Distillation Extraction Approach:

Hydro-distillation is a conventional method used fbe isolation of constituents of chilli peppether
through the use of a Clevenger apparatus or bynstéstillation (Manzaet al.,2003; Tandon.,2007).The former
involves a mixture of distilled water and the peppeatrix in adequate proportions with the additadrheat the
latter involves passing steam through a bed of @eppatrix. In both methods the hydrated plant senipl
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distilled and the component pepper extract turméal & vapour phase.(Ferbiaal., 2006;Gloriaet al.2005).The
condensation of this vapour formed a water-extphetse layer which can later be separated out &iroptre
capsaicinoids extracts.

Fig. 3: Schematic Diagram of Hydro-distillation Extraction

(Stahl et al., 1988) reported black pepper as containing faityand a mixture of carotenoids which is
difficult to extract and can only be isolated undehigh pressures and moderate to high temperafires
extract is viscous, pasty, and semisolid and thifScdt to recover from separation vessels (Yao,
1994).However some thermo-labile (heat sensitiwglstituents may be lost during extraction and tlais be
minimized through the use of a vacuum which hatpeducing the extraction temperature.

One of the major advantages of hydro-distillatioraction is the use of a low cost inorganic (wpater
solvent which can be mixed before the dehydratioith® pepper matrix which is most suitable whenpgbpper
sample is in dried basis (Tegpal. 2005). Thesimplicity and availability of their @igments makes it a better
option when compared to novel methods of extractiée microwave-assisted, supercritical fluid, and
ultrasound assisted extraction (Gavabiaal., 2012). The major drawback in hydro-distillatiprocess is the
difficulties in heat control which may lead to \afility in the extraction rate with the scaling igpcommercial
capacity practically difficult. It is therefore desble to explicate a new extraction technique tisafast,
sensitive, safe, and energy conserving (Khaijah, 2004).

Assamét al.(2012) pointed that the demerit experienced inrtndistillation extraction has attracted the
recent research focus and provoked the intensdicadptimization and improvement of this technigtieere is
an increased demand for alternative extractionrtigcies, tractable to automation, with lesser eitradimes
and low organic solvent consumption, reduced poltuand lower sample preparation costs (Moradadibetd
al. 2013). Jiangt al.,(2013) isolated essential oils from black ped@&per nigrumL.) using hydro-distillation
(HD) and microwave-assisted hydro-distillation (MHBethod.The result of the study shows that therdryd
distillation and microwave assisted extraction hgvan extraction yield of 3.1 % and 3.8%, respetyivThis
further confirms the need for a more efficient agtion process which will fully optimize our plant
sample.Majeegt al., (2013) made a comparison between the antioxidetitity of the spice oil extracted from
white and black pepper. The changes that tookew®tile in the antioxidant activity of the spicé eitracted
were estimated when hydro-distillation extractiowl anicrowave assisted extraction. It was thereforecluded
that the use of hydro-distillation techniques rextuthe antioxidant nature of the spice oil extrete compared
to that obtained during the microwave assistechelitin process.

1.2.3 Soxhlet Extraction Method:

The conventional soxhlet extrtaction is one of dldest method of solid-liquid extraction(otherwiggown
as leaching of lixiviation) invented as far backl&39 by Franz Von Soxhlet(Chauhetral.,2015). The soxhlet
apparatus is employed when the solubility of theseicinoids constituents is very low and when thpurities
inside the extraction medium remain insoluble iadide solvent.The powderedpepper sample is loadedhe
main chamber of the soxhlet extractor along witoadenser and later incorporated into a round boftask
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containing the extracting solvent.Heat is appliefiuxing to the boiling point of the extracting geht and the
solvent vapour travels through the distillationtptd the timble where the pepper sample is housedpEpper
matrix will soon submerged inside the warm sohamd the constituents of interest is selectivelyaisal from
the pepper matrix according vto their boiling psirthis cycle can be repeated a number of timemngise to a
lower solvent consumption.

1.Sirrer bar 2.Round bottom flask 3.Distillation path 4.Thimble 5.Solid sample
6.Sphon top 7.Sphon exit 8.Expansion adapter 9.Condensor 10.Cooling water inlet
11.Cooling water outlet

Fig. 4: Schematic Diagram of Soxhlet Extraction Set-up
(Source: Origin of the Soxhlet Extractor.William B.,2007)

The advantage of this method is the ease of regyahd optimization of the extracting solvent whisHater
removed through the use of rotary evaporator. Hewehe need for auxiliaryequipment’s like filtexcarotary
evaporator makes the commercial set-up expenshvig; is the major drawback of soxhlet extraction
method.Soxhlet extractor was used by Viktatijal, (2013) to extract capsaicin from different spsaié red

hot pepper grown in Macedonia using ethanol asekigacting agent. The result obtained from soxhlet
extraction were compared with vacuum filtration haet which shows a remarkable different in the gitxaof

the capsaicin extracted.Santog al.,(2015) selected four different organic solventsyE acetate,
dichloromethane, ethyl ether and hexane to determapsaicinoids content of malagueta pepper(capsicu
frutescens L.).The result shows a percentage ofl etbetate,dichloromethane ethyl ether and hexane a
88.8%,92.1%,72.1% and 77.4% respectively.

1.2.4 The Merits And Demerits Of Conventional Method Of Capsaicin Extraction:

The uniqueness different extraction methods suclthasmaceration, hydro-distillation and soxhlet ame
advantages each of them portends.There are hoveeweral drawbacks in the use of the afore-mentioned
conventional approach and these include, high sbleensumption, low extraction yield, contaminatwfithe
solvent, high cost of extraction and a large penbdime required to carry out the extraction pss;eamong
other factors (Sham al. 2015). The high consumption of organic solventeives an extra cost and a lower
extraction yield mean the plant extract is not beirell optimized leading to a waste of material atgb being
damaging to the environment (Luque and Garcia, 1988e modern method of extracting capsaicinoids in
different species of pepper was therefore introduas an alternative technique for optimizing theld;i
reducing unwanted contaminants, improving solvensamption and reducing the time of extraction.

The merits and demerits of these methods are digréfghlighted in Table 2.
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Table 2:Merit and Drawbacks of Convectional Extraction Apgehes
Extraction Approaches Merits Drawbacks

Maceration *Achievement of complete extraction |of It consumes lots of solvent.
compounds with higher molecular weight * A lower extraction yield that is not commensurate
*Lower chemical modification of the with time spent on extraction.

extracts. *Higher extraction time which can take days.
* Reduction in the cost of evaporation
*Better homogeneity

Hydro-distillation *Reduction in organic solvent *High cost of energy
contamination. *Loss of heat to the environment
*Simplicity of set-up *Degradation and loss of thermo labile compounds
Soxhlet Extraction *Ease of solvent recycling *Expensive due to auxiliary
*Preservation of thermo-labile equipmentrequirements(evaporators,filtersetc)
constituents

1.3the Principle Of Isolating Capsaicin Using Microwave Assisted Extraction:

In the microwave assisted extraction the rate aft l@d mass transfer is uniform throughout theihgat
fluid (homogeneity). This is because heat is voluinally dispersed within the irradiate medium Uglithe
conventional method of extraction in which heatransfer from the region of higher temperature tovaer
region. Tameshiaet. al., (2010) opined that theventional solid-liquid extraction can generate anted
residuals with plant matrix and the extract expesieg oxidative quantitative change during the sotv
removal stage. However, various scientific studmgealed the microwave assisted extraction’s relegao
obtaining pure extracts from natural products, aithundesirable residues. Microwave-assisted etdrags
therefore a new approach which united the microwaneé traditional solvent extraction with the meoft
shorter extraction time, low solvent consumptiord drigher extraction rate (Milaet al., 2004)Strauss &
Trainor (1995) corroborated this by shedding maghtl on two fundamental phenomenons governing the
microwave heating as ionic conduction and dipotation. In many instances,these two phenomena fzkes
at the same time with the ionic conduction offeramgtiff resistance to the movement of ion whichtum
generate a resistance leading to an heating effethe medium. However the dipole rotation involtes re-
adjustment of the molecular dipole moment to therehanging electric field (Desef al.,2010)The electric
field generated inside the microwave induces aitioanrrent in the solution which triggers off thetraction
process. Due to their electromagnetic nature, miaxes possess electric and magnetic fields whieh ar
perpendicular to each other and the mechanisntEsfield are the dipolar rotation and ionic contitug. There
is therefore an ionic migration as the dipole mgahbout its axis. The solvent in-turn offers inmgemk to the
flow of its ion under the influence of the rapidijtering electric field. Frosét al., (1997),concluded that the
level of chaos in the solvent-ions migration inside plant matrix reduces as the dipole rotatiatuces and a
subsequent reduction in the heat energy geneftatedthe microwave. A pressure gradient is thert i and
leading to a mass transfer inside the enter volafthe reactor. This is in contrast with the hydiistillation
extraction in which there is unequal pressure grtdn the enter volume of the container. Henceettieaction
time is significantly reduced during since it takesy little time for mass transfer within the ent®lume of the
reactor.

This indicates that the migration of solvent iorenf one region to another causes a resistanceeimédium
which causes an induction in the isolation of congras in plant matrix (Srogial. 2006).

L

by Cooling water
Condensing tube H
Cooling water 3 *
— ¥ ——— Microwave
— H— eguipment
L1 L1 = o
— Stirrer

I — Flask

S

Fig.5:Schematic Diagram of a Microwave —Assisted Extoacti

1.3.1Effects of Dielectric Properties of a Mono and Binary Solvents Mixtures:
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In microwave extraction process, the dielectricpenty, dissipation factor and solubility are thejona
parameters that determine the selection of suitaulents in capsaicin isolation from chilli pepper
(Kormin,2010 ;Medet al.,2005). This property decides to a larger extéet rate of energy absorption of a
biological medium (solvent-powdered pepper) from thicrowave electric and magnetic fields. Thisdsduse
energy is absorbed and usually converted into éeatgy whenever there is a passage of the micre-\dv
plant-solvent medium (Gwendolyn 2009 ; Hat@l.2001,Louet al.,1997) and this wave is located between the
infrared radiation and the radio waves in the etenaignetic spectrum. Microwave extraction therefooeks
on the principle of interaction between the exirartagent (solvents) and the electromagnetic/ etetield
rotation (Singhet al, 2014,Baet al., 1996). This triggers off the thermal activatimnd frictional effect which
causes the migration of solvents ions. The dipotenent of the extracting agents influence the dffimind
ability of the solvent to absorb the energy gemstdtom the microwave electric and magnetic fiedthtion
(Suratt al. 2012). The ability of solvent to absorb this gyefrom the microwave is therefore refer to as the
dissipation energy and is denoted by a constaptagortionality called the dissipation fact@®)( as shown in
equation(l).

Dissipation Factor (Q) = tan™! % 1)

Where£0 and€1 are the dielectric constant and dielectric lospeetively with the former being the capacity of
the molecules of the extractants to become polduigethe rotating electric field and the latteretatines the
efficiency of the absorbed microwave energy witcglomagnetic field to be converted to heat enéBgyatet
al. 2012). A higher dissipation constant of solvamtréfore indicates a higher efficiency of the eotiry
solvent. The choice of a solvent therefore playsmportant role in the amount of the yield thatlw# obtained
from an extraction process. Hence the dielectraperties of the extracting agent determines tagetaextent
the ability of the solvents in converting the eteatagnetic and electric field into a kinetic eneojyhe solvent
molecules at given temperature and frequency ofirticeowave.

In conventional extraction method, water as a pslalvent is used in exploiting the solubility of taaal
products of different species. However some orgauivents of different degree of polarities havesrbe
introduced in recent times. Gogtisl.(2015), used hexane and water separately as thacemg agent for
capsaicinoids flavor from red pepper fruit. A tosaventy-nine compounds were determined usingvtioe t
dimensional gas chromatography with the time afhfli The microwave assisted extraction gave thédsg
number of volatiles as compared to when water vgasl and this is due to the difference in dielegraperties
of the solvents. Different solvents used generaflgd cover a wide degree of polarities. Polar camgs are
therefore associated with high dielectric constard can rapidly absorb heat faster than aromaticaiiphatic
compounds with no net dipole moment (Gugtal.,2009).The dielectric constants and dissipatiarofs of
some solvents are shown in Table 1

Table 3: Dielectric Constants of some commonly used sotsesed in Capsaicin Extraction from Chilli Pepper

Solvents Dielectric Constants Molecular Weight(g)mo
Water(HO) 78.3 18.01520
Ethanol (GHsOH) 24.3 46.06844
Methanol (CHO) 32.6 32.04000
Acetone (GHsO) 20.7 58.07140
Acetonitrile(GHsN) 37.5 41.05192
Hexane (GH14) 1.89 86.17560
Isopropanol(GHgO) 19.9 60.09502
DiethylEther(GHsOH) 4.33 74.1216
Xylene 2.57 106.17
Toluene 2.38 92.14

In contrast, Renoe, 1994 suggested that the extgaability of the medium to interact with microwess/can be
modulated by using mixtures of solvents. The mixtof solvent could either be a binary or tertiafxtore and
this have been utilized in both analytical and plereutical sciences. A proper understanding ofittteerlying
principle of dielectric constant is therefore reegdiin the use of a multi-solvent in the processsofating
different constituents from natural products. Begethal. (2002) opined that the ability of solvents toeiaict
with microwave energy can be further improved bg tise of mixtures of solvents. Solvents such aaneth
water and methanol possess a polar ends which lEbsosufficient amount of energy from the microwave
electric field.However,non-polar solvents such asame,toluene and xylene with lower dielectric ¢anscan
have their energy extracting ability improved bye tmtroduction of polar solvents such as water and
ethanol.The concepts of mixed solvents system legh lemployed in acid dissolution of drugs (Cebid.,
1982), stability of pharmaceuticals (Sanyetds., 1991) and in photoisomerisation reaction (Ikedal, 2002).

It is worthy of note that this method had not bédty harnessed in the extraction process, mosé@afly in
capsaicin isolation from chilli pepper.
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The dielectric constant of ideal multi-solvents dam estimated using the method of weighted averages
otherwise called additive function as proved inaoun (2) - (6) (Dumanovat al., 1992;Jouybaet al.,2004).

The mole fraction is calculated as shown in equai®) and (3) below: Given that

NOTATION
11 = Mole fraction of solvent 17j2 = Mole fraction of solvent 2

W;=Molecular weight of solvent 1

W,=Molecular weight of solvent 2

W=Molecular weight of both solvent 1 & 2

Ewvixures =Dielectric constant of the binary mixture

&,=Dielectric constant of solvent 1

&,=Dielectric constant of solvent 2
wi

fil(solvents1)= Wt (2)

fi2(solvents2) =nW—2Wt 3)
i=0

Emtixtures= N1€1+ M2E2 4)

Enmixures= €1+ (1411) &2 %)

Envixtures= 1 (E1- &2) +&; (6)

In microwave-assisted extraction (MAE), the micre@a&nergy generates heat through the interactibweles
the oscillating electric field and the ionic compotinside the solvent.The effect of microwave gpearn the
extraction yield is determined by the nature of $bévents and the solid matrix (sample) under a®rsition.
The chosen solvent must therefore possess a hidgcttic constant with high affinity for the abstiom of the
microwave energy. To increase the energy absoxapgcity of non-polar solvents such as hexanegetawand
xylene, a 10% amount of water is sufficient to dag off the extraction rate and hence optimizeiedd as
shown in Table 4. Study has revealed that a cortibmaf water with other non-polar extractants aases to a
larger extent the rate of energy absorption ofrtir¢ure.(Brachett al.,2002).However polarity of the mixture
increases as more water is added hence small vadfinvater is needed when using a binary mixturevater
with other solvents(Tale&ial.,2004).

Table 4: The static dielectric constant for ideal binarijveat mixtures

Solvents Mixtures Dielectric Constant of Mixtures
Water- Ethanol 63.18

Water-Methanol 49.01

Water-isopropanol 33.30

Ethanol-Methanol 27.70

Ethanol-Diethyl ether 11.98

Xylene-Water 93.39

Toluene-Water 79.98

Hexane-Water 72.20

This effect could therefore be increased through tise of mixtures of ideal solvents; this will iease
efficiency of extraction and help in cost reductiom a very expensive solvent as the combiningo¢ffeill
reduce the quantity of solvent used. Binary mixifreeal solvents is therefore a way of optimizthg amount

of scarce and expensive solvents in the extracffaratural products In some cases, the matreffiteteracts
with microwaves while the surrounding solvent paesss a low dielectric constant and thus remaind col
(Jassiet al., 1997).

1.3.2 The Dependency of Capsaicin Yield on Extraction Time:

The Figure 4 below shows the schematic diagramctegi the influence of extraction time on the
extraction yield. When heat is applied at an ihgtage (induction) of the extraction process,wieak hydrogen
bond is disrupted as a result of the dipole rotatibthe molecules. The molecular rotation of th@eoule can
be slowed down when the extracting medium is ofigh tviscosity and which in turn hamper the ionic
conduction (Beatrice and Philippe, 2002). AccordingVegget al., (2012), in a solid-liquid medium mass
transfer occurs in three different stages in retatio the extraction time, these include the inducphase,
intermediary transition phase and diffusion phasshown in Figure 4 below.
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Fig. 6: The Schematic Diagram of Extraction Stages in Mieee assisted distillation

The induction phase is the region between the efaneating process the point and the point whieefirst
drop of the extract appears. At this region thepgepmatrix becomes soluble and is removed fronouter
layer. This pave way for the intermediary transitighase in which the mass transfer is restrictettieasolid-
liquid interface and the mass transfer thereaiemet with a resistance at the solid—liquid inteefand the
transfer of mass by convection and diffusion preithates. However at the last stage (diffusion phabe
solute must overcome the interactions that bintb ithe matrix and diffuse into the extracting solveThe
extraction rate at this stage is reasonably lowthademoval of the extract through the diffusioactmanism is
noticeable. This point is an irreversible stephef éxtraction process; it is often regarded adiithiéng step of
the extraction process at which the extraction tiemains steady (Veget,al.,2012).

To avoid rupture or degradation of the plant maitt&ximportant to note the time requirement in theerowave
assisted extraction as low when compared to tldfitiwaal hydro distillation method (Aguilerat al., 2003). A
longer extraction time is therefore required fdostance of higher dielectric constant such as ethamethanol
and water when the constituent of interest is stablheat (non-thermos liable compound). Céaal.,(2011),
therefore proposed a step-wise extraction cyclesafthermos liable plant matrix through the additio the
residue a fresh solvent in order to optimize adl éxtractable constituents of the plant matrix.

1.3.3 Pepper Matrix Characteristics, Surface Area and Matrix to Solvent Ratio:

The surface area of the plant matrix has a subiataeffect on the extraction efficiency on microwav
extraction. Chilli pepper in powdery form therefgyeovides a spread and larger area for the ionidgction
within the biological medium. The size distributiohthe powder allow for proper penetration of &éxracting
agent into the pepper matrix giving rise to a lowewer requirement, smaller solvent consumption lamgr
time of extraction(Camel ,2001).

1.3.4 Microwave Power and Temperature Factor in Capsaicin Extraction:;

Gaoet al., (2006) reported an accelerated effect on thie ioonduction and dipole rotation which in turndea
to an increase in the extraction yield. This is duehe release of more microwave energy to théobical
medium as the microwave power increases. Polaestdwates of absorption improve with an increapoger
and a pen ultimately resulting in higher heating artraction rate (Desai and Parikh, 2012). Ckir&.,(2000)
described the energy density of microwave heatirgpower per unit quantity of sample under extoscts
shown in Equation (7) below:

Energy Density (E) in kW/g) = - 7
Quantityofsample(grams)
In the same vein, increasing microwave temperahoe the boiling point of the extracting agent th@ssame
effect on the microwave extraction by weakeningitttermolecular force of attraction and this leddls free
flow of the molecule within the plant matrix. Thisturn reduces the viscosity of the extracting/ents thereby
increasing the solubility in the plant matrix (Hadnwnet al. 2007). However due to an increasing microwave
power and temperature there is possibility of ael@®ed extract purity as a result of extraction thfeio
contaminants which makes the extract impure atdrigbower (Desai and Parikh, 2012).The power in a
microwave is therefore directly proportional to ttemperature of extraction. The relationship betwéee
microwave power and the temperature of extractiasishown in Equation (8) below:

P(KW) =5 # pCp (8)

Where P is the microwave powdfTis the rise in temperatue, is the extraction timgandCp are density
and specific heat capacity respectively.

MicrowavePower (W)
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Conclusion:

The general overview of this study clearly showsrghis a significant difference in number of computs
obtained using the microwave assisted extractioAEMwhich is more that obtained using the tradidbn
approach. The microwave assisted extraction iefber notable for its loweroperating temperatutabitity of
thermolabile compounds to heat degradation, shaxéraction time; high selectivity in the extractiof
compounds; and higher capsaicinoids quality. Theowave assisted extraction is therefore adjudgsal be a
cost-effective method on a pilot scale. There &dfore a need for further research into an acewratluation
of an economic feasibility for a possible scaleafipach unit operations in the extraction process.
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