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scavenging properties of the extracts were in

Thextraction procearsy waasctsomugi &td a stiinme ( MFAT)
further optimized through a rotatable centr al
(RCCDRsMpffabesdsi fferent operating conditions

determine the parameters necessary for anti o
antiradical scavenging activity based on CUPR
thehédstg val ues of 9u8B8.1156100FELIg5EM8 OMTE/ g L
14.7903 OMTE/ g DW for TPC, TFC, CUPRAC, and
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CaFrl11, CaXyll as solvents respectively. Thes
NADES formulations to tailor the extraction
scavenging properties. The #¥i mdi nN\NgashEdgvsevref uiln s
s ol vfeonrt se xa g mlcitd atni ons, and further optimized

Four independent factors of temperature, ti me
MFAT studies which significantly affected ©bi
elucidate the best conditions tihmum pTrFoQl uecxet rtah

and maxi mum antiradical scavenging activity t
The optimized conditions with maxi mum desirab
were temperature, time, voilume25 amld, c& nTCk%;t r Al
ml, & 90%, 30Uc, 5 min, 25 ml, % 90%;, 45Uc, 2
70%, respectively. CaFrl1ll was observed to be
studied as it outperifogms het hegdedty ERC, and

CUPRAC antiradical scavenging activity at the
FRAP power, while CaXyl1l2 gave the highest DPP
all the stsudiuegpeNADE®SMed water, the greenest s
well as in DPPH inhibition. However, water ex/
CaGl 21 in FRAP tests. The resul ts aree floirkmee df i
optimizat-Cloaml ioie UAKEI ori de NADESs extraction u:¢

This study demonstrated the feasibility and effectiveness of using ultraaesisted synthesis of
natural acidic deep eutectic solvents (NADESS) for the extraction of bioactive compounds from
agrifood wastes. The combination of NADESs and UAE not onbywiged higher yields of
antioxidants but also offered a sustainable, green alternative to conventional solvents. The
antioxidant and antiradical scavenging assays confirmed the potential of these extracts for
applications in the food, pharmaceutical, androetic industries. The findings highlight the role

of NADESSs in enhancing extraction processes and valorizing agrifood wastes, paving the way for
further research on the scalability and commercial viability of this approach.
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CHAPTER ONE

| NTRODUCTI ON
1.Blackground

The world is curr emtally emigeismg, tpamendoluasr | vy
climate change and the inefficient management
exponenti al growth of tehset | whaort lerdde apcohp u9 .a8 i binl | |
according to the United Nations (UN) requires
t he usedeorfi wead uper oducts from wastes as well as
Mor eover, temme o esietndalfagonnhasOdvd Dt ritlbut dd pmaetiss
worsening econgghhihe sigtru dtoioaddn supply chai-n, sev
products ar anngreaetr ad kegle macsasubsges eser i o uismpepaotis on
and high costsvaborionifetrtiphven Saefjso io dlohoech dlussags v wa s
useful strategy taod dperdo dcuocnep ocuenrdtsa iwi tvha lsueev er al
namely in the food, health, phar.maceutical, ¢
Green processintgchnologiesd extract different compounds such as polyphenols and phenolic
compounds fromagrifood materials such druits and vegetabghave been studied in recent

times' 2. Green échniques such as ultrasodnchicrowavé, pulsed electric fieR) pressurized

liquids®, and supercritical fluid processifidhaveg ai ned speci al attention
practices focused on econo miHoweves ouistamdomggreenn t a | ,
extraction chemistry has been linked to the principles of ultrasonication because it showcases
advantages such as shorter operating times, energy savings, high extraction yields, preferential
selection of extracts, and reductiarthe generation of effluents due to reduced volume of solvents
including watef.

Green extraction procedures capture some prin
use of renewalblirmesaadr sast ausabbe green sol vent
consumi ng gpparuacttuss ,prcocdducti on from wast e, mi

resul tdewmngatnworned and biodegradable extract, and

(0p))
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12Pr obl em St atement

Theearch for greener sol venttosx iccapvah@ sep ilonf c daeiipld ya
continues Dboth at the °t%abbheat omagheseng & th dluesd o m
di f fideusatgnmoor e sgrsdaagdntrealad i ve t o t oxihce milcenmi c
and physical properties. I n mosgolcvaesretss tewnrsauly
replace nongreen solvent $! iBetsppéotbhe uemea toiucs fpaurb |
aboNVAES since its Xlirsntosit wo e@denaoanhti ma t2tdlde mai n
use of chol i newhdkklhorliidme tasftHdtAhwetri |ciazpdtbidoen c a |
availability odltlheeé¢oner sol vemtssHcaw ¢ggolrarrist y ,h
bastHcoiwt ypol arit¥njghi gplol b absasginctigimyd p d loavr i t y) I s
ensuring susheref@brkieyxypansion of .candidate H
To dahtee,rati o ofoachdl deaetpucdalltoeti tdiect et veinabl e
i's not eAWebraf@i ®8gi ence scealibheo ddadeledgdpaaé
eutectic s@Rveuthd'l cahowsns idtei whygi am HB Ai, n dvihad d te
search with Acitric acid based natur al deep e
li aamMBA.

Regarding the esnvaff onmghesed eal agon@écit buti ng mor e
of total global production of) ,grreietnrhodd)ss eoag ablsee ¢
carbon dioxide (emissJdpen ofeald3.)3 ihlilcihorc omnams |
climate?2h@&ongesrni ng atbhoeu th usnOgse rmiclrliisoins ,peopl e
from hungeld warnll dwiade r o xti onoakt erl iwh adlssed® eb iplr loidaire e ¢
annual |y tvanaroludgiedies uppl yidc%haofn f(BOI prmdEct o0 pe
alognever 5® odi Ifloiodn wgbsper £dB8)Ll are produced vy
mar ket v all3u2e Bwolritiho n

1. A3 m ddnaecadiesdsudof ¢t h

The main aemei@asfdohdalsop ul t rtaescohunti dg yaesshiest ecd c
effeceotveri c deoé¢ peMAIBESL) cand eayptpd ycttihem dforb

compounds from Glgei 6lbjoelcmaves i ahesrefore incl u
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1.Devel olparaadt €«ri ze t he physicochemic,al prop:e
2.Apply the NADESs <coupled to wultrasonicat:.
African nut meg peel s

3.Devel op extraction modelling using the synt
4 Optimize the extraction conditions to maxi
5.l nvestigate the antioxidants and antiradic
in yitro

6.Compare the antioxidant and antiradical sc
those ext wates at the optimized conditions

14Justification of the study

Sintentroduction of natubDEShYbepliewtlaCiciho! 9 mle\
chl oguaternary ammewowintmnai&ilst $ o( QAS) he maj or HE
Acti ve reseabsthi tute choline chl diraisdd easn HBA oI
to invesNMEStoeuhsdwhtehast headt her hydrogen donece
chol i neanfdil eolrd o etalpaptl i sctaitti loenk e .n eTwh es od ovrecnetpst o f
analytical extirmfcanoy doemparidd tion iidamsi c | i qui
numbere sceparbclhi cati ons make the fieldiwveiry @ciodn

HBAnml ant seconrdar(ys umeatoasheal igtl ucose, fructose,
as H®&8WDisf ferent mol aMADESsiees stt b e dhp e tbls dedasy/e tt 0

prepar e, st amtei nbgi odatge raidalbd e, g caaptly stihceo c e Imv e «
properties with excellent extraction capabildi

(0p))
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CHAPTER TWO
REVI EW OF THE LI TERATURE

2.U0l.trasound Technol ogy

Ultrasound is the sound waves having frequency higher than a human ear cait detesically
mechanical waves with frequéasrangng from 16 kHzto 100 MHZ & ® The commencement

and speeding up of chemigahctiondn the field of ultrasonication is relatedttee appearanasf
cavitation. Cavitation is the formation of cavities inside the liquid and their collapse followed by
intensive hydraulic shocks. When high intensity ultrasound wave is generated inside the liquid,
interruption in the continuity of liquid occurs follogédy the formation of cavities at the negative
pressure (rarefaction). At the site of negative pressure these cavities are not formely jamp
require some timehe duration of the lowpressure phase, during whichavitationbubbles grow,
anddecrease with increasing ultrasonic frequency. Power ultrasound can be used for extraction of
organic compounds as it can possibly improve the kinetics of solvent extraction of component
from the plants and seeédsCompared to conventional extraction methods, ultrasonication is a
non thermal technology which has attracted prominent interest in the food industry.
Ultrasonication is a sound wave of high intensity which by means of mechanical vibration can
make changs in food either by disrupting its structure or by stimulating chemical reactions. The
use of this technology improves the quality and productivity of product, reduction of physical and
chemical hazards, enhancement of extract yield as well as envir@infgendlines$! The
mechanical vibrationgeneratedhrough liquid, gasesind solidmediawith a frequency which
exceeds the human hearing limit and depending on the frequency range, can be divided into low
and high intensity applications. The frequency above 100 kHz and energy below % &kécm
classified under low intensigpplications andre usedor analytical purposes with no remarkable
effect of the ultrasonic wave on the material being tested. The low intensity ultrasound is used in
food industry as an analytical technique to control a process or to acquire information regarding
different physicochemical properties of féod 2 In the case of high intensity ultrasound, the
frequency used is between-20 kHz, sometimes above 100 kHz, and the applied energy ranges
from 10-1000 (W/cm?)? © ° and hese conditions generate intense cavitation which physically
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ruptures the materials. The occurrence of cavitation during high intensity ultrasound involves
emergence, expansion and collapse of bubbles in liquid. The waves of acoustic energy promote
cycles of compression and rarefaction of the molecules in themolitiough pressure changes
leading to the formation and collapse of microbubbles in the medium that result irjetticr.

The microjes generate effects such as surface peeling, erosion and particle breaRdbwn
Thornycroft and Barnaby (1895) were the first to report the formation of cavitatien hey
postulaté that the cause for the faulty performance of a new torpedo was the ineffectiveness and
the loss of power caused in the water due to formation of c&vitiEése physical and chemical
changes in liquid medium are improved by power ultrasound through the generation and
destruction of cavitation bubbles. When subjected to high intensity ultrasound, the liquid expands
and compresses forming cavities or smalllideb. The collapse of cavitation bubble creates a
transitory hot spot generating extreme temperatyped5000 K) and pressurey to1000 Atm.),

which can accelerate dramatically chemical reactivity into the médidine extent of cavitation

can be determined by energy and intensity along with the medium viscosity, surface tension,
vapour pressure, presence of solid particle, temperature and pressure of tré8tPewer
ultrasound promotes different applications such as the extraction of different comppunds
microbial and enzymatic inactivatidd emulsion formatioh®® # and physical modificatiods

Among these applications, ultrasound has been increasingly studied for the extraction of high value
ingredients from plant materials.

The use of high intensity ultrasoundfeod processing is an encouraging awath a broad range

of current and future applications. It has been seen as an alternative efficient method to improve
the extraction processes of high value compounds in food materials. It can improve the mass
transfer by accelerating the eddy and internaludifin and thus allows better penetration of
solvent into the sample matfi®® © The frequency of ultrasound has appreciablénfluence on

the extraction yield and kineticanddepending on the plant material, differences exist between
the extraction yield and kinetics.

Ultrasound assisted extraction can be utilized to increase the extraction process by enhancing the
mass transfer between solvent and plant material. This extraction permits better penetration of
solvent into the plant material and breaks down the celsiallltrasound assisted extraction has

been carried out to extract essential oil from aromatic compounds such as peppermint leaves,
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Artemisia, andcitrus flowers and has been found to increase the yiélditrasound extraction

permits changes in the processing conditions like decreasing the temperature and pressure as
compared to those without ultrasound extraction. Therefore, it is desirable to use ultrasound
assisted extraction for thermolabile compaairiCey parameters of interest in UABcludethe
ultrasoundsystem utilized; the matrix or compound to be extracted; the solvent; the ratio of solvent

to sample; and the specific energy applied to the system.

21Ul trasonic Systems

The UAE systems used for high value ingredients processing include probe asgsbatisand
areshown inscheme2.1 A andB respectively. The probe system contains a power generator
which produces higifrequency electrical energy of 20 kHz, a transducer that converts the
electrical energy to mechanical energy, an amplifier that amplifies the mechanical energy and a
probe thatissipates the acoustic energy directly into the sample in form of wairethe bath
system, the power generator produces energy of @0t kHz, which is dissipated into the bath

in form of waves by the transducef(§)Extraction of high value materials has been performed
with either the probe or bath systevith great efficiency The frequencies employed in the bath
system are normally more than 24 RHz%butlower frequencieseems t@roduce better physical
effectd 1 For example, in a study to extract anthocyanins, a bath ultrasonic system with gperatin
frequency of 37 kHavas usedndthe authorseporedlonger extraction timandlower yield of
anthocyanin content than the contrblTandem UAE with other techniques have also been
employedsuch asiltrasoundmicrowaveassisted extraction of natural bioactoempoundsrom
sorghum husk using a conventional shaking method with a frequency of 25 kHz, and obtained a
yield of 3.6 times those of the contfdl A combined treatment to obtain anthocyanins from
blueberry using a probe system and a cell grinder was investigatéadl élyal., and observed that

the cell grinder destroyed the cell walls and released the -s@lidrle anthocyanins into the
concentrated ethanol used as solvént

(0p))
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21 . Matrix contents and compounds

Agrifood matrices such aguits and vegetables are typical resources for varedsaction
applications because they contain vast diversity of bioactive molééBesne of these bioactive
molecules are highly sensitive in variable conditions and therefore care must be taken to avoid
denaturing theipotencyduring extraction. For instance, anthocyanins are sensitive to temperature,
pH, light, oxygen and metdl§ curcumin degrades in the presence of sunlight and visiblé fight

and therefore must be considered during the separation processes to avoid loss.

Qﬁ":m:or = Transducer

- =p Amplifier
® Solvent + Extract =) Probe

® Solute '_:_’ Col t extracti
g olorant extraction (A)

Inside the bath

Transducers (B)

Scheme 2.1 Ultrasount® systems (A. probe; B.

213 Sol vent and Feed

The effectiveness of the cavitation process is stroindllyencedby the physical properties of the
mixture of solvent and feed (S/F). Hence, proper manipulation of solvent and feed to enhance

acoustic energy transformation is very important because solvent characteristics affect the
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cavitation phenomenon. Example, viscosity and surface tension govern cavitation transient
threshold while the bubble collapse intensity is ruled by steam présstine solvent therefore
should be well compatible with the compound of intéré8or instance, the bestganicsolvent

for anthocyanins extraction should be acidified ethanol because they are stable under acidic
conditions$ ® Carotenoids on the other hand possesspatar characteristighience, a good option

is to utilize vegetable oils as solveft

The effects of the choice of solvent employed on the extraction and activities of extracts have been
demonstratedsingresidues oEuropean blackberry, European blueberry and Brazilian cherry and
obtaineddifferent yields of anthocyanins when water and ethanol were employed as ddlvents
There vas higher extraction yield by using water as solvent, but in relation to the antioxidant
activity, the water extract had lower antioxidant power. In vitro analysis gave better antioxidant
activity to thealcohol extractthan tle water extracts. The obsatwon may be linked to extractive

non active watesoluble compounds into tiveater sample.

Another important factato consideiin solvent selectiofor food and pharmaceutical appliaati

isthe GRAS (generally regarded as safe) statub@golvent L which isalsorequired to minimize
environmental impaaif solvents Most researcemploygreen solvents such as water and ethanol
while some stilluse norgreensolvents such as methanol and acetone to perform ultrasound
assisted extraction® ? Apart from GRASstatus the amount of solvent used is also a key factor
excess solventshouldbe avoided to minimize environmental impadike relationship between

S/F is extremely importanhowever, it has been noted that a raticodf gave the best resuliisr
anthocyaninextractionfrom fig® 2

214 Temperature

The thermal effects in addition to the cavitation and mechanical effects significantly influence the
UAE techniqué #making temperature another important variable in the extraction prGuediss

of hightintensity ultrasound as an economically feasitdehnology for the extraction of
thermolabile compoundmdicate that dst rise in temperature of the reaction systeppens
during prolonged extraction timeand thermally degrades the extrdéts® However,increase in

temperature was observed to be favorableome UAE processgsuch asa 10°C (40 to 50°C)
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increase in temperature, increased the yield of carotenoid By Babwith further temperature
increase, the yield was reduced, which was attributed to the degradation of thermolabile
carotenoids. Recovery of chlorophyll on the other hand, was noted to favor a positive increase in
temperature up to 20 (from 40c to 60°CY 8 Most researchers employedontrolled
temperatures between 2a5to 80°C while some do notonsider temperature as a
factor tobe controlledin UAE processesHowever, the importance of temperature
control cannot be overemphasized particularly when working with thermolabile

compounds.

2.5 Specific Energy

The energy applied by ultrasound in extraction has been standardized following E@.htion
which shows that the energy applied is a function of the nominal power, the sample volume and
the extraction time. But the volume is a function of the pressure and temperature therefore, the
energy factor can be expressed as a function of mass, whiclmatodspend on other variables

hence, the relation can be expressed in specific energy following EqR2fich®

QN (4O WV WOwo i ¢ 6DONE

aa Y a nUoE 6 a & &
o 0 1T EO A AO00% @ OO AGBIER 1

Q 3AT BIADD &
2.5.1 Nominal Power

The power provided by thaltrasound device is called the nominal power; however, not all the
nominal power is converted into the cavitation phenomenon because of energy dissipated by the
equipment during conversion to cavitation from mechanical ehéthgrefore, energy efficiency
studies recorded only about 9%conversion from electrical tcavitation and 56%° 2with
calorimetric methodAs a result, most authors prefer using the highest nominal power of the
equipment to do the extractiorfSA high nominal power produces greater shearing in plant

materialsandleads to achieving better solvent penetration. The critical pressure and temperature
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from oscillation and collapse of cavitation bubbles within the solvent is also enhanced resulting in
high extraction yields®> Majority of studies irliteratureselected higher nominal powers as the
best condition for the extraction process because with more intense ultrasonic treatments, better

results for obtaining extracts are assorred

2.51..2 Extraction Ti me

The extraction time is one of the most important variables to consider during ultrasonication
because as shown in Equatihg, the extraction time is directly related to the nominal power and
the sample mass (solvent and feed). Too short or long exposure of samples to time that is
inappropriate leads to incomplete extraction or dezgladntaminated extrat$ therefore, the
extraction time to be employed must factor the values of nominal power and sample mass. For
example to extract anthocyanin from mulberry, the maximum time should not exceed 10 min to
avoid anthocyanins degradation and obtain a quantitetivacts, however, the extraction time

can be reduced when using a higher nominal power greater than®200 W

2.2. Solvents

Solvents are substances mostly | iquids which
serve in seveaal i appaprygtr adaft i tomes pm@mrsoces s. Many p
without solvents. For instance, extractions,
product devel opment, agrochemical formul ati on
as irnidauls t cl eani nngaya pea avtaistia Inlgy I mpos sTihkel e wi
phar maceutical industry is acclaimed to use ¢t}

Gl axoSmithRKYisel (&BtKK9 cohkt2hiet urhaes smoafe rmeataenr i a

produce an active pharmaceuti cal i ngvd &di ent (
Unt i | about three decades ago, most industria
for example, during the first four detadpseof

and also as an aftershawe wentei leSittabie sheidk o

precaution on the exposure to benzene and the
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due to inadequate akdatweldn alsern z2esn & hteaxiedd tpy i ce
Organic solvent s, known as carbon bonded solwv

which often vapori z% eTvheens eatv orloaotn Itee nopregraantiucr ec

been implicated with numeroll% Howevenmmenhhabea
not withshangl algal Sol vents mar ket hel dsa&l mamlge
aound 27.4 mill iiom tmed rS amhdiegnegarr(oaNIMT)t ed t o r ece
bil Babtbeys 2030. The market I's anticipated to ¢

(CAGR) of 7.5% ¢ s o uttp@:@\2\2.redeavchahdn@r@ets.cpassessed on
12/04/2024)

Solvents constitute pivot al materials for <che
phar maceutical and fine chemindtusyro@mér astyisdo ®3Ins
as game chand®ngSobaventns alaysts ntegr al constit

print/whie® changed the waysrperaatiniice d hiemitchad |

Under the banner of circularity, solvents ha
engineers, food scientists, phar maceuticals d
fit into the f recmeoMoirrkg,o fr erpeucropvoesrey,, rremanuf ac
reduce, rethink, refuse (fODRSdIraenetwor 8o omuch

simple carriers for reactants derdcrmeacect isorn udp

wel | as productivity and economic benefits. S
gui di ng t-dhreerpgoyt enurvaes of activati on, and go\
catalyst s, i nclswadihn@s!| dbiolcataatyasltswdtennzymes or

cat aPRrsdacsess media us8®m%b| yPlcweamstis t needf G0e ar

process wastes reduction.

2. 501vent selection guidelines

Solvents have rezivedhaugea st It seatdipwipontal |y use
reactioanf omMbbweisel yeabe directl yheespmpoishl e
ofeaction potelyaunctasc o mp e nteféo r anfu,lyatt o gfha mmabl e,

angnvironment al | yardea sayg stld g bsed lavbeontags ory and i n
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di chl or o me tthoaweev e(rd € M3huersees h & vidnepfrfoevcethi viees pect
st rcihetmi c al c onb e o bad steea cnhae miads@déhsa r mFes s i nst anc
tol uesrespect ed boarndroghainl daemagekpobdmansa | ong t |
anch!| or of OCrivh awadl so beermadedc n@ageadibgwWotrd dh uHeaan st h
Organization "TFRARCCt ReDddiMuzadl isondeen o mpn e oohd elde tf i
evam short exposure duration

The European regul atiomlmvadmae i mantnigoAt hadnodd RReegsi tsr
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the market talreoenutghsdyadmtgeed bfaogmidsh pm odudctihs @ r (MRARPBX
schélnffet ure European chaanndsiccheetnmd € @ll we natrse, pl aced
O60subsobneesy high concenpodi RENEEG D essA 0OfFr@ it ioo n

mat | 3 S



exhausthiacedblieemm’ 015 as SVHC f orotRBbAGiHb nsgc rwhtiicn
artehaemi @€ WNaismet hyl f or maNdii dnee t hDVMBPMAa)N-dand

met hyl pyrMMR)edbgpdnexyaneltlhoerrisnat.ed sol vents

St ructsuirnailllayr c ssmo | dpassotugyceeldt earsneapt|i avedeamre nttlse r estr
onghsowevelri,kletdloplr eofengatny o f etnhvei rsoanmme nt al | healt
(EHS) pirobliibgis edlovent ssel ection guidelines ha\
information t lwan tcwlhe | Absli ks aorfd regul atory as:
categorize solvents with respect to their EHS
compani e&| aroSabt W KAfiinzeer(,GSK)d, AstraZeneca amo
The GSK solvenpreeieéesi osefui dgnddarpdéoaemesre
sol vent sf ogiin € miasnted ggieer s wor king in chemical pr
guide is also useful fsoai ewmebdiilkcitisnga |i nc haennai | syttriyc &
The most wupdated ivensi en sofoft id0gsiodeents pro
det ai | depending on?®>splkeei pucdesepud @aqrodeir lees et
competing environmenrtmaln,dsh daanl tthh ea nadp ps a fceattyi o n
alter Hawievesl!|,t drhreat i ves may phreeasl enht, neannvyi roofn nte
saf ety ctohnec eprrnismaorfy sol vent (i’len,té¢hms sol veme

-

ef erD&€CiVney rleggar ded Gsafdelgwdmdoemmpared to chl or

carbenr aamldorciodsid d be selected for thRCM irepl a
an occupattihoamttash emildth v/dlpmod,e estoel svseunrte r epl acen
be done without compamdipi ogeg hef coentpiad m oli il t y
as much as occupational health and the enviro

Pfizer, AstraZeneca, and ot her svhafcéhbt lpwpeé i she
t o GSeui dealnidnenvd Idli scmats skeel further

222.Green solvent s

The concept of green chemistry emerged duri n:
economical amsle eofvi masmemdasapgecti vel y. The fi el

revamped after the 12 principles By SWameet han
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fewndustries and pharmaceuti cal companies | i k¢

help in the selection of solvents and reagent
medi ci nal chemistry, i f osnepriesf etra eadh aoastenh ean yt |
and pentane. Nevertheless, in chemical synthe
to pentane. Due to the environomgrmtnalc, slod aletnh .

i mpetoursg amil or et a ave méindgorleveennt ® ns e c h i apsnidd sd e(elpL s
eutectiscDE@&$gereonti ng. gl obally

A grseodmt et eliouled encompass the environment al
anal(yrsdAs) , energy demand, and toxicity of the
solvents for these pcaarlalmeftoerr se nivsi rionnvnaelnu aald Ip ¢€s ui sr
of green chemistry and green s oldveesnitgsn iasn da cdteiw
new solvents to replace conweandt derpl ecat@gazni €
among the new generatiommheifr sobdivalitlsi upsaed sl
into a single me%’Abdds! ggyw wirbere nssesladrciteimotms by st
Environment al Protection Agency (EPA)riregdl nt
andi odegradabl e alternatives Wueh toedthcee di necm
regul at orayndmoend sammesssi ment s of the EPA regul at.i
VOCs ,e xtphoenent i al rise in market déemaed . EA&dpbcgri a

a result, ans 8lodsgirrmeme asd viemt s 1290 2&s tt.ioma2t0e3d0

( soudrtctep:s: / / www. gr andyv i-eenwa leysseiagdasfoddwearltisre s s etdr y
12/ 04/ 2024) .

2.2l @nillc liquids
|l oni c | iagruei dssal(tlsLswi t h mel ti ng t emgewattemre (I<o
Y> 1 Ls are completely ionic ®oonsinotrigragiacf pod

ani’dinhse first repootl @fbelddiarciddguibides prepar at
ammonium nitrate from ethbhgphamnbheateltl|l aowedi bya
di sti’] | ahhed orhesul t i ng Ipiugwi ccadtt meowai nemper at ur

the formation of t heeni d@s ierxecedhamgtei reygamsd eplse
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formati on. I n 1948t,haHura ne ya nainodn V¢exi calh & noguen da e & d t
(AI3CI67% by mol e) di ssolved infused ethyl pyr
eutectic with-48 "heThengddotnbnabf Lewis acid
of stihmnepnheetstods of synth¥sizing ionic |iquids

22 .12Synt hesis of | Ls

The first room temperature Ilstarted in 1914 with the synthesisetfiyl ammonium nitratém.

p. 1’2 ThA&Hyl ammonium nitrate IL was synthesized by the addition of conceniitated
acidwith ethylamine The additional aqueous layer was removed by distillation to generate
apuresalt, which was a liquid at room temperature. Generally, there are two basic methods that
are employed for the synthesis of ILs and is summariz8dheme 2. Normally in most of cases,

a single step isufficient for the ILs synthesidpr examplewith 1-butyl-3-methylimidazolium
chloride, ethylammonium nitrateand so on, lthough, many counter cations are generated
aszwitterionsand further react with desired anidngorm highly viscous productd The counter
cation parts of ILs are also common in commercial availability in a halide form and require only
the anion exchange reactiofe anions exchange reaction occurs between halides and metal
halides to form Lewis acidic 18 Brgnsted acidic andn exchange resibased ILs also are
synthesizedia anion exchange reactionshe AICk based salts acting as Lewis acidic ILs are
broadly studied for various applicationsecause itis a very simple addition reaction in
which Lewis acidor metal halides are added into theide saltsand results in the formation of
respective acidic ILs with one extra halide spétieBhe ratio of Lewis acid or metal halides
(MXn) and quaternary salts {®') is a very simple reactions between A/@hd [EMIM][CI] and

is shownin Scheme2.3. Similarly, few of the examples of metal halidamuld also baised to
prepare FeG| BCl;, AIEtCl,, CuCl, and InGlacidic ILs with one more halide spedeés

(0p))
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https://www.sciencedirect.com/topics/chemistry/ethylamine
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[NR3RT[MXY+1]

+ Lewis acid MXy

RX]
NR3 —— [NR3R'T*[IX]

1. + Lewis acid [hfh [NR3R,]+[A]'

2. + Bronsted acid [H[+[A]-HX

3. lon exchange resin

Scheme 2.2 Typical procedure for synthesis of

EMIM]ICI) + [AIC] <= [EMIM][AIC],] ()
EMIMJAICL] + [AIC] === [EMIMJALCL] (i)

EMMJALCH) + [AICk] === [EMMJALCL] (i

e ——.
Scheme 2.3 Series of reactions between ‘"met al
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2. 2D&e®2 eut ec(tDESss)o/l Nvaetnutrsal deep eutectic solwv

DESs are a mixture of two or more components
but converts to |iqgdevdeladpmentsyot hiest ar chalee ¢ ol
keeps them?&tMmbhatqted/ldt hesfimzresdt tDheeep Eutectic Sc
mi Xi ng choline chl oramoé at Ch @dt g |olacsodi imeme b ( g )
poi ntoff M@ayhi clhowesr t han thACMPaodAG@®KClh @3B0 2 .
|l t goge sthead hi gh MP depression of eutect,ic mix

for imsadtadeeani on (HBA) to HBD DeaphgEdtegench
(DESs) are mainly caasegganmentsaht saf osr (grypenp
sakmet al hydrates (+hypeod3gn bobgdnidonsal { $iBD)
chl ofHRBIR s( t8The 4)erm O6Natural Deep Eutectic So
guaternary ammonium salts and natur al substan
aci ds, ami deswenmi nesnadat H4d leltns btyyepGH&DmMai nl vy
natur al compounds or primary metabolites whic
organic aei®@#@%, 1 supgarsonsidered that these sol
third class of |liqgqguids other than water and |
such ad°dNADEES$S shows better eaxg rtalces iofbcurbme ro g e r
pol ar as -paelldr acsompoorunds and also acts as a !
compo,untdlsan®lt he | ater

r 3

mMP (A) BN oieeemmmemmmemmTm - -
C 9 - = — ,’
7
-~ ! I,
~ ’
' 4
A+ Liquid B N B + Liquid A

AY

Temperature

Eutectic pointv

Solid A + Solid B

Mole fraction (x)

Scheme 2.4 Eutepbasedpoompsd’hehttadoagram
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22 .22Synt h®ESsaafl NADESs

There are various met hadhd fNADESlseapr bpatahgoa
(known as ther mal mi xi ng) , mi cr owave, ul tras
evapo¥®@aheohinstoandhsesendvi defdl ygsynshésiasing and
which i nvot Nensdimiixdiumd components with ,or wi t
foll owed by heating inil@®&Cerubaith arcbean hom
formedhi s amathpel sismpl est, cheap a(dd& ab)e but

preparPdmMi omowave assistdad dyhret eassitseisad i mziEdusad
components are mixed in glass bottles and exp
3 atw)ls8tohatit mafkdssta Si mi | ar |l y, i n uplrterpaasroautnido n
indi vidual components along with known amoun

consistingorofi rs canebwetakeapat e d 2vi7 kHz ,  BB3WWasviersg (a
bath or pawdbdrt rsglsitedn or unc antcrl elalre ch otmeormgpeeroaits
f

oredUnder grinding method, compmooremnars atr er on

—+

emperature till?®cllem-dfrrgebehmye mehhbod, fagmedus s
f the individualdrdemdpomemntrdear ¢ of rsaudbd e mat e t
re%% oramsstly, vacuum evaporation method in wkh
aporafA€dwiath50he hel p &f dépo todtttari neewa porl autt d ro

o @ T O

—

u
v
esi ccattrerasanmtoinlst 8%t nwed ythect i ve of different
emperature results i n degradati on o f DESs
S

esterifichPHoowe viteggchhamgme in physicochemical p
found whemwmsptngrpeae edi f f e fheeratt | mgt hmondds stirring,

ultrasd®h®cati on

22 . Apdl i cat saond oN A DESSs

DESs and NADESs prepared wusing various method
fruits, vegetabl es, cereal s, pul ses, spices,

aromatic plants, seaweeds, efgfgesr,enanipmalpoprecd

Mm@t I 3 S



extraction of bioactive c¢compounipsr,esreentiosv aa noaf
DES and NADES syntihresagr iafnaod ppy stcams .on

&

== ==
= =
® E |
- W |
| . g
b= o Wy
Es| N
maninly salts Orgamic acid, ; = 1 2 -
(choline carbohvdrate, - = 4'%;
chiloride, alcobol, nmino a
betnine eh:) acid etc i — -
h_ _____ =3
o«
o solid-phaze extraction iy
>,
oty

o anti-solvent precipita tion
o back-extraction

< adzorption chromatogmphy - Pesticides, insecticide and —
- mmm—r&i—. adsorption o~ hazardous compound . Applicationof DES in

determin ation “

= Removal of heavy metals "‘- agricultare commodities

- Toxins determination -

=IHegal milk additive - -
* determination P e
™ = A nribiotic purification P
\\‘ = Packaging filim ’,'
.~

e e et U

Scheme .5 DES/ NADES preparaseofoand applicat

2. 3. Algowadoteel ori zati on

Val or iozfata gorni f moowe dvaisatieecsyo | a giemadl t d uamma nu rsque nvti v
strategthhebeesusecti ve effects of unstable and
soil exhaussgdcamcgi tay,ds avmeaisegd eod lhtagme ¢ @toid vV @ir v dai© t
Howewédre, conti nuous exponenti al growt hbof the
currently, around 700 million pedfplimoateastt.i
nutrient | oss due to agrbdloadliccemth ®t enoir € ¢ fiainma
peopddetdhi ®, agri f ooldammnwafsitlel sdiissporseaslpoinnsi bl e f
emi ssaiornspodngutoiuonndwat er Icrons$ amntmimg bdbm@maati f oo d
wasbvasthe world economy i sasypercyt shiodh ,ssuasdt fae enai
water and | and managememtnsdt enTeggizFupopdaot Commi
haas!|l r padbyposed many eéefefser tesnotranoaddrcehsad | enges
mitigation of food waste as a prioriEcynamga o
Strdf%giy make such a st r avtael goyr bezcashngoonii cweal sltye sv ic
be achieved by the extraction of wvalwuable <co
nutraceutical, cosmet it@®%8midv eprhspa ma baeroet cparbhess ei nnt
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i nffdeagnt f oqguo svialsy & spelmaonft | okegli :, |l eaves, see
as wel Imeaast fdeorm vati aeloocdgign puwileacdmyjte dctus i n
promising raw mateas apseseoemt 6d hiem solleme r2es

. Antidiabetic, antitumor,
Pharmaceutical

antihypertensive, anti-
allergic properties
Metal quelators
Biosorbents
Natural dyes
. Skin protectors (UV protectors)
Cosmetic Antiaging and anti-inflammatory agents
Antioxidant and antimicrobial activity
Antioxidant and antimicrobial agents Anti-carcinogen action

Enhancers of organoleptic properties ﬁ
Natural pigments
Active smart packaging

Valorisation of value-added products,
food additives, therapeutics, and
environmental applications
Scheme 2.6 Main sectors bioactive ad ommgauwmrtd 0 nr
be appdied

(0p))
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CHAPTER THREE

MATERI ALS AND METHODS

3. 1. Materi al s

3.1. 1. Chemical s

Al | t he <chemi cuasslesk raen do fslodnvaeInyg tsproadche®li t ri ¢ ac
monohy®taopur(i ty), sucrose (99.8% purity), gl
fructos@l (®2®.purity), xyliLoL%(pati py)itygpdig
(99% purity), sodium acetate (99% purriitdye) , p

hexahydrate (99% purity), GIlyci®9e % PPN ip ur)i tw
supplied by (Fluka Anal yti c@99.Ge% npaunryi)t,y )mew ahsa
by (Sigma Al drich, France), eotmh a(nkFoil | | (a%6, % Bpuu |
ammoni umoOaset puei ty) was supplied byt riSs@mma
pyrisdylilazi n®9 g% Pa&n i t( yQi,o caanldt eFuodlsi nphenol reag
by (Sigma Aldrich Switzerland), copper (ii)

Al drich UnitedurKi(nigidam)ma hallduBmitSe®s puri ty) was

from {@lbemMV Bel gi um), Neocuprine (99.9% pur.i
Aust(rieay drd,x51 2t 8yaimeh h8mankeoxyl i c OaeWdpdTiboyp
3,4r5 hydroxybenzoic acid (Gallic acid) (99%
Milan, ITtaly). Wate® Wass pL85 fsedt emi ngom Mi
USA) .

3.1.2. Sampl es

Dried seeds oMoADdoboc an(nbueirnsigejig.c @ t s from t he 2|
were purchased from the Zuba Fruit Market, Abu
vacuum foll owing WTO guidelines on sanitary a
provided by the nStodn da rge@ ti @p g ehiwiosugyihinaarmd ebrta wgt
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to the Biotechnology Laboratory at the Univer
| aboratory, the seeds were peeled, and the pe

grinder. The ground peel sa vdeersd cvwwadtwuwenr sesad¢ ed

3.Met hods
3.2.1 Synthesis of NdtNAD&ISsDeep Eutectic Solwv

The ul tarssssuredl synt hesfiisrsof sHNApREReEMewasnslt hf act
experiment al desi gn wittoh aobhtraeien faa cttootraslaaaf th7w
shown in Table 3.1 foThEADESdd wpudtchbhwiedagdii dgsp
i nto syntthheeside shoobfadteastdi os o f( i hie2 HB2S dmnld ofBD
watwears admiettenhot he two materi al s. The bottl e
ahomogenous nexniutgat bef af €érasonic bath operat
with maximum input power of 240 wr@UIESI H.ned-5
t emper(ad,r eAPandh0 ee debs imMgeBA,edl2Wi tmhi ni)nt er mi t
vigorous stirringF @wroel agRhhrieeev es onn icfadari neint yt e(mp er
and 90Uc), and t60hrmielnisro,nizach ) owet emesl cted f ¢
based on informaurenf d&opundei syhhbebi seofht NADE S
(Bh)0r0BORL0 v ot ary v atPh?r & rdewym2efigh X5 and micr owa
radi at.i-Bbn7 5¢TAHAt the end of each synthesis t
temperatur e, the solvent was observed for pr
compl etely solvate were further sonatctatdedt fc
temperature. After the extra sonicatiolhhe t hos:¢
synt hetsalse wmsatsoc eoses f ul when cl earssceoil ocoat ioons, weo
and storingtonmenidhes isd awatéom2edb FHo.e pt e mper at ur e &
values that were appropriate from the screeni
ratios foll owiUsg mghe fg aamet thetdaviast @ r st ahlenerete s

bet weidb?w dedi ng on tamaetmdpleddfruateido The fourtee
NADESs, the molar ratios, the usyndt fesi & fitee spyen
presenteddl.in Tabl e

Haot | 3 S



ec-apersmedtsyorhesisasbulNAd

ng
Temper at Aa

e 3.1 Screeni

Tabl

Ti meh) HBA: HBD

C

Run

70
70
70
70
50
90
50
90
50
50
70
90
50
70
90
50
50
90
90
90
70
50
70
90
70
50
90

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27




T ”~

R Ll RN e e == ey
HBA and HBDmaterials Weigh into synthesis bottles Moisten with 5 ml of water

Synthesized NADESs Allow to cool Sonicate withintermitentshaking

Figure 3.1 Pictorial fl owchart for the synthe

322Physical Properti eADE®&sd characteristics of
3221 Density

The density d2XUwhe dampresnad in triplicate usc
equaBlon (

zvBez o 1 H 8
wher e:
Is = desiampglye .of
mp = wepiyechnto noeft er .
mpw =weight owatpgrccnometer +
mw = weight onfp WV&tger = mpw
mps = wei ght soampplyec.cnometer +
ms = weight onfp $§&mpl e = mps
d = relative densitynwmaf the sample to w
Jjw = 0.997 at 25UC taken from appropriat



32 2Water activity

A digital water ac#Hi0VWi ({Chmete¢r wWABMTASEJdWA 0 mea
of the samples in triplicate at 250C.

32 .3%i scosity

The viscosity oC twhe msmaempuesdatn2briplicate

calcul ated 32ing equation (

A\ B/
v ; <o —BV 8
wher e:
@ = viscosity]. of sample in [pa. s
js = density of s&mple as measured [kg/n
ts = average damel  ofr) owhs cdutt h(es
‘W = viscosity of di st imbphled(swag&®.ratob2mU QG
jw = density of distill €d Waht®9.7 obtt a2 hled
tw = average time for which the water f
322 .PAH

AnOr i odni ghpHamdher snosent i f jwa g Gesmendsittyhpedo f t he
synthesized NADESs in triplicates at

3.2.3 Effects of ultrasonication on the for ma

(s}
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The effects of ultspasobhesiasi oh NADESs swenet e
appropriate condition for synthesis of NADESs

3.3. StoragMEStsabi l ity of N

The &effects of storage time on the ©physical
investigated to evalwuate the shelf stability
synt hesi zed NADESs were measuredsoomnrtlge, daynydo
ninety dayenovéststgahgethe effects of storage ¢

sol vent . Al | measurements were carried out i n

(0p))

Ht | 3



Sonication d
NADESs

Weigh 1 ¢ Appropriat
svnt hesi NADESs

Extract

Centrifudg :
mi n sonication
Figure 3.2 Pictorial flowchart for extraction and analysis o



3.4 Application of NADESs for extraction o

341Ext r acTtoitcan oPfhenolic Contents (TPC)

The TPC assay was per f onodifyindt hsep emea trtopd dd.9o me a m m
The Faloicml-Ceudsa@gEnt mektthheo Oy PaGEsuriegr me naeeb s or banc
765 nameactibmh u b e, 0.1 mL of extract s&Lmpleagewmdr ¢
After approximately 1 min, 0.4 mL of 7.5% Nac:
50AC for 5 min, and the absorbance was measur
Mi crape Reader, BMG LABTECH, Ortenberg, Ger mat
Il n this st uevgluatedisingga gallle Gcidtaradard curva nd r e pngrGtAeEd gi n
dry weight &RQua@Bm@Bine usi ng

TPC(€&0r. 04)/ 0. 0204*D*C)DWBEEBOBEEEMGEAE] Y
Wher e:

Y = Area of standard curve measured at 765
B = Weight of sample used in the extractio
C = Volume of solvent used in the extracti
D = Dil uftwihen ef afptpdri cabl e

DW= Dry weight of sampl e

34. Extraction of Tot al FIl avonoid Contents (TFC

The TFC was evaluated according to mimoe meth
adjustments’® I n Eppendorf tubes (2 mL), aliquots of
mL of LN, AD. 025 mLCO®IK,1 aMdCH . 95 mL of ethan
incubated at room temperature (RT) for 40 min
a microplate reader (SPECTROst ar Nano Microp
Ger many) dagignatedsblank tonteol The TFC cali bration cur\
relying on the quercetin equ tovalibrate andstanda@ize and
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the spectrophotometric measuremehts) u a t3i.whnsi s ed t o det er mi ne and

i mi cr oggguwimval ent of quercetQBEYV goleW) .gram of dry

TFC =0(QQ0Y5)/0.0128) *D*C)/ B)3DPgQE/ géééééé
Wher e:

Y = Area of the standard curve measured at
B = Weight of sample used in the extractio
C = Volume of solvent used in the extracti
D = Dil utwhenm ef afptpdri cabl e

35 Antiradical scavenging activity of extr
3.5.di 2h¥pniclryl hydrazyl (DPPH) Radi cal Scaveng

The antioxitcdhentAfadcay afuwvapgr fpargrhexdbermdgalact s
2,2-diphenyt2-picrylhydrazyl (DPPH) based onh e met hoWi b6f i Bniahitds al
adjustments for specificity to our samplée prepare th® PP H st o cwe dissolVed®t4i o n

mg of DPPH i n 1 JHs sohtion wds thenadilutedito achidvéh e absor banc
INO. 02 uspagtt dphPRBO™ER@st ar Nano Micropl ate R
Ort enber g.For e assap weycombinedfortyi cr ol i t er s of tehxet r act
preparedDPPH wor ki ng ke@ltutiinont haenddar k f or 30 mi r
Subsequently, we measuréddeé absor bance satecilro pth@ROEMER@I A ar
Nano Microplate Reader, BMG, th dsBe$sBHe Heductionm ih e n b e |

DPPH concentration, indicative of the antiradical activity utilizing the formula:

0 'Yob %Y&pﬂ{ﬁ88888888888888 8
Wher e
ARA %)Ant i radi cal activity
AC = absorbance of control
AS = absorbance of sampl e

(0p))
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3.5.2Réducing Anti oxidant Power (FRAP) Assay

The FRAP assay was carried out accasrstightly g t o

modified in subsequent studie$®® The FRAP reagent was prepared
up to 37AC before cwsne.i(sT)jse DERAMMr aagéate buf:
TPTZ (10 mM in 40 mM6BHCIZ2Q mM)d. (39! utFiecClns (1)
mi xed at a ratio of 10:1:1 to form the FRAP r ¢
and war med F RBdndedwve & che Ot. 1vbasnL of sampl e and in
after which the absorbance was measuaredNarto 59
Mi cropl ate Reader, BMG LABTECH, Ortenber g, Ge
result is expdrreys sseadmrpd seeEGMITaBbi@d N 3

FRAP = (((Y+0.0017)/0.0013) *D*C)/ R)3)6B6OMTE/ g,
Wher e:

Y = Area of mesasmdaméncumrmte 593 nm

B = Weight of sample used in the extractio

C = Volume of solvent used in the extracti

D = Dilution factor where applicabl e

3.5.3 CRepduci hgnAnti oxidant Capacity (CUPRAC)

The CUPRAC assay was performedetaca@loadi cegs droi bt
Akyetz.'2%PWi th slight modi ficat i ®M sc.opBpreiref(llyl,) Oc.
soluti oM Me&dclprniOneCORBHuUfIeM CHH 7.0) solut
water were mixed in a 2 mMmMLEpmpheowhst abdedat
T h eesultant mixturesver e al |l owed to stand at RT for 30
i ncubation period, the absorbance was measur e
reader (SPECTROstar Nano Mi ©Oreagindbtee gRe &ede manpy
was used to prepare a standard curve, and t hi
cal cul at eEdg ufactB ladnvsl nagr e ekMpEEgsddyawei ght (DW) .
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CUPRAC = (((Y+0. 037esMTEOYWE &8¢ &&é& B() 7 B)
Wher e:
Y = Area of the standard curve measured at
B = Weight of sample used in the extractio
C = Volume of solvent used in the extract.i
D = Dilution factor where applicable
36 Experi ment al designs
3. 6rhctional experi ments

A “2ractional factori al eppamnidand o ((RHBxsewittrhal
per f arhmeede, thiomend al of thiThfgolelxpwirwgneimd atcd resd n ¢
forsthey: ultrasound temperature (UT), extract
concentratifoamc tBrCg .t iMmex p(eMFAwwe)et € h o steme yb eltawe e
many advantages over expefiamfoms aof atolf e mad \sDrr
apprboachude shmektageaousni of i ndenpeenrdaéchitt cofna ct
on the dependenar efdacttoron( neaspdmresen)umber of ex|
fully beha@fi bthikee, pgrud dieesnsghaoo pctei mifzati on met hod

a pr.@ansglaging time and resources during the pr

|l evleodw anfdorhitgthe corner points, with a central
the corner points. The central point I s neces
curvature colhd ébrepdetdemiezdgvh samdant he desi gn ¢
and the actual f adtadd2ev&8l.ues i s presented in

3.6.2 Response surface methodol ogy

To i nvestdcgtatoef tihnedeependent vaUTl ab lEd)smer| ¢ulnaet e d

( SVandoncentSiGatoinont ot al phenolic contemtd,i ctadt a

(0p))
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scaveagt nhgyi t JUPRAC,

sur f ace

FRAPTa taaa bbDt PePaH

mee shioglo Viedgtyem da n d

fwausre df act or s

Table 3.2 Fractional factorial experiment al
antioxidant, and apnotwerradsitcuadli esscavengi ng
RuiBIl A B C D UT (U ET (mi SV (m SC (%
1 1 O 0 0 0 50 15 15 70
2 1 + + - - 60 20 10 60
3 1 + - - + 60 10 10 80
4 1 + + + + 60 20 20 80
5 1 - - - - 40 10 10 60
6 1 - - - - 40 10 10 60
7 1 - - + + 40 10 20 80
8 1 O 0 0 0 50 15 15 70
9 1 - + - + 40 20 10 80
101 - - - - 40 10 10 60
111 + + + + 60 20 20 80
121 - + + - 40 20 20 60
131 - + + - 40 20 20 60
14 1 + + - - 60 20 10 60
151 - + - + 40 20 10 80
16 1 O 0 0 0 50 15 15 70
171 O 0 0 0 50 15 15 70
18 1 - + - + 40 20 10 80
191 + + - - 60 20 10 60
20 1 - - + + 40 10 20 80
21 1 + - - + 60 10 10 80
22 1 - + + - 40 20 20 60
23 1 + + + + 60 20 20 80
24 1 - - + + 40 10 20 80
251 O 0 0 0 50 15 15 70
26 1 + - + - 60 10 20 60
27 1 0 0 0 0 50 15 15 70
28 1 + - + - 60 10 20 60
29 1 + - + - 60 10 20 60
301 + - - + 60 10 10 80
oqt | IS

composite

d



The coded and uncoded | evelusedf iinndegpepersdeasrntgadyv
i Mabl 2A8Btual values of independentEywaatBiadhm es w
Central points used for temperature (UC), tim
15, 15reapeciOyvely. The step change for tempe
for time and vol ulnhee wausl I5,d erseisgpmadtiavrdlxy .i s s h
. t ®o
W W88888888888888888888 8
Wher e:
X=codwal mfesdependent variabl es
X0-actualofvalnuespendent variabl es

gX=change in step, and

XC=t he values sat centr al poi nt
The analysiecbhi gaei waseseu€ €€ sttoa tciasl tciucl Babtrep a rhaer
buil ding the gmbmred di cctaddcdit @alpd ersna l desirabil it

sol yelnod gthirdegame n siuo Mgalesdp b  sthhokd v f | nd ee n chebrl te s
on t he fracstpoornss,e egalecsli atrfi aegg urehteit doreshtamao dv@l non
signilfacknnofe fffietpttwidtohett h@r response optatma zer ,
anagliMi,nitab ssowal&édt Micmilt ab LL@WasP.eskhde IUSBAg her
significant tdd dtf ewalhwef)f(iFe8Bet efr minaadanonl Kck o0
were used to determine thatpgg@lL 06y and adequa

Table 3.3 Coded and actual | evels of independ
met hodol ogy
Coded | evels

-U -1 0 +1 + U
Vari abl es Experi mental Actual
Ultrasound tem 30 40 50 60 70
Extraction tim 5 10 15 20 25
Solvent vol ume 5 10 15 20 25
Sol weomtcentr at.i 50 60 70 80 90

omt | 3 S



Tabl4eRaxh.dombesidgn o TRaobtlaet abl e Centr al Composit
Experiment for ohe NaDBRE&Ey ceaxft rpectsntfiralm African

Coded Fact Uncoded (RKRetualby and | ¢
and | evel s

UltrasceExtrac Sol ve Sol ven

TemperaTime (VolunmnConcentr

Ru Bl a B c D (UT) ( (mi n)(SV) (SC) (9
1 1 1 1 1 1 6 0 20 20 80
2 1 1 1 -1 1 60 20 10 80
3 1 1 1 1 -1 6 0 20 20 60
4 1 -1 -1 -1 -1 40 10 10 60
5 1 1 -1 1 -1 60 10 20 60
6 1 0 O 0 0 50 15 15 70
7 1 1 -1 1 1 60 10 20 80
8 1 1 -1 1 -1 6 0 10 20 6 0
9 1 0 O 0 0 50 15 15 70
10 1 1 1 -1 1 60 20 10 80
111 1 -1 -1 -1 60 10 10 60
121 0 O 0 0 50 15 15 70
131 -1 1 1 1 40 20 20 80
141 1 1 1 -1 60 20 20 60
151 0 O 0 0 50 15 15 15
161 -1 -1 -1 -1 40 10 10 70
171 -1 1 1 -1 40 20 20 60
181 1 -1 -1 -1 60 10 10 60
191 1 1 1 1 60 20 20 80
201 -1 -1 1 1 40 10 20 80
211 1 -1 -1 1 60 10 10 80
221 1 -1 -1 -1 6 0 10 10 60
231 -1 1 -1 1 40 20 10 80
241 -1 -1 -1 1 40 10 10 80
251 -1 -1 1 -1 40 10 20 60
26 1 0 O 0 0 50 15 15 70
27 1 1 -1 1 1 60 10 20 80
281 -1 1 -1 -1 40 20 10 60
29 1 -1 1 1 -1 40 20 20 60
301 -1 1 1 1 40 20 20 80
311 0 O 0 0 50 15 15 70
321 -1 -1 -1 -1 40 10 10 60
331 1 1 -1 -1 6 0 20 10 60
341 0 O 0 0 50 15 15 70
351 1 1 1 1 60 20 20 80

o
s

L

(0p))
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Tabl4ec o3n.t d.

771 0 0O o0 -U 50 15 15 50
781 0 U o 0 50 25 15 70
791 0 0 O U 50 15 15 90
801 0 0 O 0 50 15 15 70
811 0 0 O U 50 15 15 90
821 U o0 O 0 70 15 15 70
831 U 0 0 0 70 15 15 70
841 0 O u o 50 15 25 70
851 0 0 -U o0 50 15 5 70
861 U 0 0 0 70 15 15 70
871 -U 0 O 0 30 15 15 70
881 0 -U o0 0 50 5 15 70
891 0 U o0 0 50 25 15 70
901 0 0 O 0 50 15 15 70

37 nstrumentation and Characterizati on

37.1 Fourier Transform Infrared Spectroscopy (

Chemi cal characeparezdt NADESTI wnamf o mgd by ana
di ffer emterbgdrecss Anduglaksfrared induced absorp
bond vibrat Rospaesi ngmREeéFIARRILEM7( SHaMADYU

38. Chemometric Analysis

3.8.1 Principal Component Analysis (PCA)
Chemometric methods are a combxthmaacwoinngfi rpfrot

Chemometric met hods dcessmpgrni,s ec | eaxspse rfii ncearntti aoln at
mul tivariaaedcmabl biraaTlhormaBe@QAa nadoymwplsi.cated dat :
si mplainfdi eld spl ayed. Di mensi on trellued i @me aagds eml
this method. PCA wausa nu spehda sti oz ad v apls wdptes ttaheet pr o
the synt DESiimzetdetNmds &@8DponNeADESs pr e pdairfefde rweintth
HBDand molwmetesatéedsusing PCA fphysheabdptpoper €
correlwathonse eutectic energhbP@A aral weids fwasgn
with Minbfawaré. 3 S

(0p))
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CHAPTER FOUR

RESULTS
4.1 Synthesis of natur al deep eutectic sol
Natur al deep eutectic solvents (NADESs) were
fructose, xylitol, glycerol, glycine, and gl u«

mol ar ratios: 1:1, 1:2, anidn&nmMdahalsipraictatved yo i
mol ar ratios from thevesaotigeat t nasberi preémmena
(500C, 70U0C,tameé 900UE€Yy yvallkr ¢ 60 nainnd, s4i5 mmonl ,ara
HBA and( 1HBID 1: 2, 1r: 8s, p 2ovielir, e e2t:y8st e3d 1hef ore sel
rati os and oper at iTrad4lsehmopwesr att hue eNAaES st itnteat w
the mol ar rati os,s tdfe tsempereasti tsr ec oaamdd t i ome,
characoertbeisgnt hesi zed NADESs.

Tabl eNa4 .ulr al deep eutectic sol vendamsg h(yMARESSs)
characteristics

S/ NCode HBA HBD HBA Synth Synt hRemar ks
HBD tempe ti me
ratiure)( (min)

1 CaSulCitri Sucr 1:1 70 60 Orange

2 CaFrl1Citri Fruc 1:1 70 60 Faintly

3 CaFrlCitri Fruc 1:2 70 60 Yel | ow

4 CaFr2Citri Fruc 2:1 70 6 0 Yel | ow

5 CaXylCitri Xyli 1:1 70 60 Col our |

6 CaXylCitri Xyli 1:2 70 6 0 Col our |

7 CaXy2Citri Xyli 2:1 70 60 Col our |

8 CaGrl1Citri Glyc 1:1 70 60 Col our |l

9 CaGrl1Citri Glyc 1:2 70 60 Col our |l

10 CaG21Citri Glyc 2:1 70 60 Col our |

11 CaGclCitri Glyc 1:1 70 6 0 Col our |l

12 CaGc2Citri Glyc 2:1 70 60 Col our |l

13 CaGl1Citri Gluc 1:1 70 60 Yel | ow

14 CaGl2Citri Gluc 2:1 70 60 yell ow

(0p))

owt | 3



42. Physi calf ABNESperties

Thphysical( ¢gempiery, ewat er adt itviet ys,y ntihsecsad szietdy |
measured in tyegdl| ucatwgesyaaavdad ayrsals Fafsheandisand ee
significant d iccf of nepraer neceemanfdia 2D Et$Se0  ¢sr otug f ur t he
i nvestsignitlieariifn t he physical properties coul d
sol venrtespgl i.taphgpsai cal properties of the synt
Table 4.2

4. 2.1 Density

The mean density obtained among the NADESs rar
in CaFr21. The mean and standard deviTathilen of
4. Rnalysis of wvariance and Fisherés LSD shows
gr ouvAp(sCaSull, CaFrBeCaRr ICla,Fr@dXy 21, CaGr 21, C
CaGle@ffaXyll, CaXyadp @C&£@Gl111&,CaGFil@yr.e edpkc

Boxplot of densities of the synthesized NADESs
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T A R T A NE S FE (G < e Se A X S e alie 44

Fi gulrBeo x4 .pl ots of the densities of the synthes
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Tabd4d . e2hyskPrrapeorfit hssysnt h lIADES&SH

N ADEsS HBA HBD Rat. p H Water ac' Viscosity Density 3
CaSul Citricsucr¢ 1:1 1.2N0°0 0.3MN0."01 0.5%5N0.~00 1.788N0. 000
CaFrl1l Citricfruct 1:1 175N0."0: 0. RK@. ®®6 0.0BWN. 0060 1.880.0D0
CaFr1 Citricfruct 1:2 1.0N0°f0 O0.6W0.%01 0.927N0.®0 1.738NO0. 000
CaFr2 Citricfruct 2:1 184NOEFC 0.27. 0%0 0.18210m0 1.720N0. 00
CaXyl Citric xyli 1:1 1.58N0F0 0.8M0.®¥®1¢ 0. 09260 . 0F0C 1.828N0. 090
CaXyl Citric xyli 1:2 1.0N0°f0 0.670.0105 0.8006 NO.FOC 1.821/880. 090
CaXy2 Citric xyli 2:1 1.98N0°Ff® 0.27. 096 0.08N0.%90 1.880.000
CaGrl Citricglyce 1:1 168N0.( 0.9M0.90 o0.0HNB810W0 1.324N0. 0O
CaGrl Citricglyce 1:2 1.68N0P% 0.7NO0.%1¢ 0.101NO0.t0C 1.324N000@®6
CaGr 2 Ci taciic glyc¢ 2:1 1.8MN0S0 0.77.010°F 0.525N0."00 1.23N0. 000
CaGcl Citricglyc 1:1 2.H8Q@.%0- 0. R®o10* 0.204N0.X00 1.880.000
CaGc?2 Citricglyc 2:1 2.R0.%0: 081NO.BOC O0.007N60. FOZz 1. 33R0. 000
CaGl1l Citricgluct 1:1 1.18KN0F® 0.7N0.%1¢ 0.88N0.'00 1.280.090
CaGl 2 Citricgluc: 2:1 1.1MW01 0.17. 0% 0 0.313N0. ¢*OC 1.283N0. 0O
Means that do not s hdairfef.ear dnett t er are significantly

nout



42. 2 Water activity

The water activity of the synthesized NADESs \
and the resudhbs elphdee @neantteerd aicnt i vi ty val ues were
solvent wi whtéeheabtghesy values was CaGc1ll, W
activitSyavdleuepl ot of the water activiFitgqumoé t h
42

Interval Plot of water activity of synthesized NADESs
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FiguWwat4er activity of synthesized NADESs at 2

423Vi scosity

Dynawi scosity measour esds utiddedhnee IsSfelcotwa aic ebdb ntdhet r ¢
fl ui @he vi s csoysnitthi eesb Ez8e$da tien ct i on al groups of |

mol ar rati o¥alalreT Mehdawnaliymsi s of the relations
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NADESs ar eFisghuovemnd.nd n compari son, CaSuli1l
solvents while CaGrll iss¢céam

i s t
beasmrei ytceoeC®dUSA

Plot of the viscosity of synthesized NADESs
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Viscosity
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Fi gu3ve s£osity of synthesized NADESs at
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42.4pH

The pH avta’tufelsseynt hesi zedndADEBSsom 1. 68NDs02 to
showmablheAld. 2synt hesi zed NADHESL I dins mlsay haec ipdi o

except in CaGcll and CaGc21 avsh ecraen tbhee speH nv alnu
2.75
2.50 %
@
2.25
=
(=S
2.00
[
. } t s | |
1.75- ® § ®
1.50- . T T T
’» ’\/ N ’\/ ’» NOAS DD AN
N LY ’\/ NN VTN T DT Y
LY (A (& 3 » &
gb (,’§ (5<>< << ’5’:\ ’5&:\ 5‘:\ Cbc’ I Q;a(’ (.ﬁéé/ (_J'b(é/ (.?6 (39

Fi g#arde pH of synthesized NADESs at 25Ac

43St orage SADESsl ity of N

Theynt hesi zed NADESs werestoradoid tmbéestdasec
ninety days and the physical properties measu
days bring them to a storage period of 90 day
solvents. Tthaen draeadn dervd ags i on of the solvents
presefdfabtdei d. 3

(0p))
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4. 4 | nstrumentation and Characterization N

FI R spectroscopy was employed to identify the
the presence of bonds between hydrogemnTIbRond d
anal ysis has been sutsreudattubr e sdrefnitrimh yt hceh eemxi icsatl e n c
bonds among the individual components of mixt
hydrogen bond acceptor, whil e sucrose, fruct
applied asdhgdnogenr &dehmee csyi nvtehsdysTil Re i pde A E &w n

i ki gurwhidl. petbhke ar e Tmrbd s=d nTtheeds pienak s he pr esenc:
foll owing characteristiB20ooWpmB8389malCagGrcRupgso G
cmin CaGril12-28¢ceY) ¢mealada €mXy21lto 288S61tm

(0p))
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Tabl3@hy¥sical properties of NADESs over storage period
NADE < Physical properties and storage period of synt
Density Vi scosity Wat earct i vi t pH
Day Day <4 Day ¢ Day Day <4 Day ¢ Day Day Day ' Day Day .Day
CaSul111.3W0 . C1.3W0. (1.6300.(0.355N0.338N0.313N0.73N(0.0R0. (0. 70N(1.92N(2.21R(2.02N
CaFr111.329N1.320N1.314N0.081N0.089N0.098N0.77RK(0.78N(0.76N(1.75N(1.90RN(1. 86N
CaFr12z1.377N1.337N1.314N0.180N0.181N0.182N0.76RN(0.70N(0.71N(1.9N0.1.89N(1. 95N
CaFr211.377N1.361N1.360N0.122N0.134N0.140N0.72RK(0.69N(0.0R0. (1.84N(1.73RNc1. 76N
CaXy111.282N1.271N1.269N0.92W00. (0.027N0.029N0.78NK(0.77RNc0.78N(1.85N(1.88N(1.91N
CaXy1:1.282RNR1.297N1.318N0.08B0.(0.096N0.105N0.76Nc0.73N(0. 73N(1.9N0.1.91N(1. 95N
CaXy211.329N1.320N1.318N0.087N0.084N0.083N0.72RK(0.71RNRc0.72N(1.89N(1.73RN(1. 79N
CaGr111.234N1.221N1.227N0.013N0.014N0.014N0.79RN(0.79Nc0.78N(1.68KN(1.82N(1.88N
CaGri1:1.234N1.280N1.318N0.019N0.044N0.074N0.77RK(0.75Nc0. 74N(1.86N(1.88N(1.92N
CaGr211.329N1.302N1.273N0.053N0.048N0.045N0.77RN(0.73N(0. 72N(mMmdTygp:iMPcnp,l1. 77N
CaGc111.329N1.305N1.273N0.020N0.032N0.042N0.83N(0.83N(0.83N(2.61KR(2.67N(2.61N
CaGec211.329N1.321N1.318N0.076N0.074N0.073N0.81KN(0.76N(0. 76N(2.39N(2.36N(2. 43N
CaGl111.282N1.281N1.273N0.044N0.047R0.050N0.77RN(0.76R(0. 76N(1.81N(1.87RN(1.86N
CaGl211.329N1.320N1.318N0.131N0.106KR0.096N0.71NK(0.69Nc0. 71N(1.71RN¢(1.70RNc1. 71N
nmut 35
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Tabl ETHR4peaks of the synthesized NADES

Peak NADESs

CaSulCaFrilCaF?21l CaFrzCaXylCaXylCaXyzCaGrlCaGrilCaGrzCaGclCaGczCagGlicagGl z
1 338 3327 328 3375 3321 3298 3385 3358 3287 338 334 333 3321 33Z
2 2936 2941 2941 2943 2949 2943 3246 2951 2949 2955 3213 328 2936 3218
3 173 1758 1771 171 173 173 2949 173 1771 2518 171 2953 173 2941
4 1639 16% 16% 168 168 1639 2565 1639 1639 1709 1624 2615 168 253
5 1400 168 1647 1398 1398 1398 1709 1396 1396 168 1508 1709 1398 171
6 133 1398 1639 1319 1211 1317 162 1319 1319 1396 1406 1624 1317 1636
7 1209 13% 1398 128 1126 1211 1396 1211 1209 1317 1319 1508 1213 1396
8 1101 1217 134 1130 105K 1125 1280 1113 1111 119 1219 1398 1105 1315
9 1028 120 1217 1103 1001 10 119 1024 1a0 1043 11= 1319 1076 128
10 89 1101 114 105 876 1001 1043 991 991 989 108 1209 1028 11009
11 866 105 1101 938 876 989 92 92 98 92 112 49 1076
12 86 98 1055 966 92 457 849 78 84 1049 1028
13 775 966 98 88 785 49 5% 446 876 89
14 920 966 779 49 49 78 49
15 866 920 53 49
16 8 B 866 48
17 777 856 43
18 777 459
19 43
20 420

(0p))
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4. Ghemometric Anal ysis

Chemomanmnalsis of the wampiemdiop dle dc t ssphooawesialttsh e
similaritiesamomd edigfrfoaurpesn caesls awd loln sds pt bet ween
(physical properties and FTI R peaFkisg)urweh hde.ed 0 a ¢
the score pFoguines réelsippwercti vel y. The result of
98. 99% variation in the.Thet sac(0f73F. PIWLItPON, the.

a separ astadlowmendtosut gmaium s

Loading Plot of NADES Physical Properties versus FTIR Peaks

Water activity
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H
(73.18%) y

0.25- peak 1 peak 2
0 e
U 0.00 e ——— $
a peak 6

-0.25-
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0.50- Viscpsity
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Figure 4.6 Loading plot of physical propertie
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Score Plot of NADES Physical Properties versus FTIR peaks

> NADES
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-2.54

5.0+

10 5 0 5 10
PC1

Figure 4.7 score plot of phlwyqitdhealsi preap eNrAIDIEESs

46Appl i cation of NADESs for extraction of |

4. 6.1 Factorial experiments

The study applied a multiftachwve $ail gdtMEAT heexrp
synthesized NADESs in extrAttioanohpbmeagcipoel:
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4. 6.1.1 Model performance on extraction of pc
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Tabl Perdc.ébnt age contomponeabhsotft omd®€l and TFC extraction

NADES TPC TFC
R2 R Ad R(PreLinelnterceéCurva Err¢ R? R(Ad R(PreLinelnterceéCurva Err
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

CaSul8s5. 79. 78. 32. 40.5 11.814. 99. 99. 99.'87. 11.0 1.1:0.C
CaFr18s5. 80. 79.1!29. 53.8 2.3{14. 100. 99. " 99. ¢55. 44.5 0.0:0.C
CaFri198. 97. 97.1182. 8.1t 7.9:1.699. 99. 99.!'51. 29.2 19.30.C
CaFr2z98. 97. 97..52. 45.7 0.0{1.999. 99. 99.1!'65. 19.8 14.40.C
CaXyl1l196. 94. 94. 119. 71.8 4.7¢3.999. 99. 99.'65. 30.0 4. 4¢0.¢C
CaXy199. 99. 99.!38. 38.3 22.70.399. 99. 99.'66. 33.5 0.0:0.C¢C
CaXy295. 94. 94. :48. 42.5 5.104.099 99.  99.1i62. 37.3 0.000.C
CaGrl196. 95. 95. 70. 19.0 7.0€63.199. 99. 99.!'61. 34.9 3.1:0.C¢C
CaGr195. 93. 93.1(52. 34.3 8.34.499. 99. 99.¢57. 36. 7 5.810.C¢C
CaGr293. 90. 90. 64. 18.8 10.36.599 99.  99.!'59. 35.1 4.9:.0.C¢C
CaGecl199. 99. 99. .77. 21.8 0.0:0.3100.99. " 99.1!'83. 10.7 5.2t0.C
CaGc299. 99. 99.!54. 36. 6 8.3¢0.299. 99. 99. 43. 47.8 8.4¢0.C
CaGl 189. 85. 84. !'51. 36. 2 1.9410. 99. 99. 99.'65. 26.1 8.0 0.C¢C
CaGl 297. 96. 96. (24, 65.4 7.2¢2.3100. 99.  99. 84, 15.9 0.0:0.C

(0p))
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Tabdl.86e gr emesdandnu asf oonuin@uedTFC factors

NADE S Regression Model Equat

CaSulTP(= 18821. 83128 EJI46.S&%39.800. 3BTL*ET
-0. 6UD* SY+8UB* SCHICIPtE 6 & ééééédé. 41

CaFr1TP(= 13935 .U0 48 E4 +133V499 .8d0. 8UD*ET
2. 34D* SU+9UB* SIC2 CiPte é éééééééééd2

CaFri1TP(= 5087 . 8T1561.B291.8¥5.35d.08D*ET
-0. 951 UTO*.SIMBHOTY A G 2CtPe¢ é éééééééééd.

CaFr2TP(= 184389 .9B5. EI 87.8V30.900. 1T EN
-0. 4 UIT4 SV +6 VTS SE+LCIPr éeéeéeé 4.

CaXy1lTP(= 321+5.-88UCS5ET+7%..6BSW+0. 5053U"

CaXy1l1TP(= -72-:05 45-8lBT 0 2EM.+0-FSEXC+0. 1442UT
-1, 08T SO +2QITE SICB8 . 1 06CaéPééééé ... 4.

CaXy2TP(=56-32. 388T32ETB5442 8UB+0. 2042UT*
-0. 88J8TF SV+0UT28K2. 486CaéPéaéééééé 4.

CaGr1TP(= 13-6. 38/}T29BT+ 9-¥SM7B.COMNUTE ET
-0, 54)9T& SO +234TF SE1 . QIBE ééééééééd.

CaGri1TP(= -179%. 56UT06EA+ 1-6SB58CH376UT*E
-1. 04U0T8 SO +2 3T SEC3 . PBtéééééééééd.

CaGr2TP(=59-68. 0-6UTL1ET+ 5713VI@@H. OBB*ET
-0. 4QT* SU+4 Q0T SIC5 CAPE éééééééé. 4.

CaGcl1lTP(= -48. 8+3.-B2A.6@EA6+21. 01053 SC+0. 23!
-0.3374UT*B8Y042UT* *CIE+HELE 3006 éé € ¢ 4.

CaGc2TP(= -499. 9+10982Q0®&ET+39. 257SV+2.37
-0. 7986UT*BU59 24T *CRCAééééééé. 4.

CaGl 1TP(= 53-604. 9 TUB8ET+ 425 88B®&NV. 094UT*ET
-0. 8OR* SU+4 8T* S0 .CiPte ééééééééé 4.

CaGl 2TP(= -450+6.-8QUT7ET+ 712 .0088LW0. 5400UT
-1.3832UT*SV+056960008FEE8Eeééceéé .

(0p))
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Table 4.6 contd.

CaSulTF(= -180160. 7553U.T138ET+84. 825GV
+0. 74023WT2Z3E6T33UT* SV + 0-6406. 78RATALT 4 .
CaFril1TF¢(= -4804. 9+ 8-H.073BEMT+ 243. 424SV+
+0.64583UTA2&T77-0T5SM69UT* S Cetér. 4.
CaFril1TF¢(= -1923. 3+31N.94P®BUTET+104. 74SV+12.
+0. 09505WU.THEEST7 5-ULr®&NVUT* SC+Péd. 4.
CaFr2TF(= -1943. 9+313.67Z3BFWBIET+69. 245SV+22.
+0. 4654 90WUT2EM68WUT25¥44UT* SCPHL34 .
CaXylTF(= -1043.1+17.012UT+11-2489BB€68. 4
0. 4714 VUIT*&EZT4A5UT*SV+0.-22832808¢ 4.
CaXylTF(= -3507. 9+5749Q4H49ET+169. 219SV+35
+0. 86328VTIr4E453-UT3&Y02-UT*CGiRé é 4.
CaXy2TF(= -1256.6+21.699UT+3. 32ET+69. 896
-0. 2826UT*XEFBOUT*SV+0. 076 PEETR*e 4.
CaGrl1l1TF(= -1521.6+28.398UT+23.-8844EM73AO05.
-0. 86914YUT2ET63UT*SV+0-8378EREET 4.
CaGrl1TF(= -1673.6+31.374UT+11.-8388F01T3A10.
0. 6263RTOHWB39UT*SV+0-1D685 BHBUETE 4 .
CaGr2TF(= -591.4+10.013UT+39 .-BFAEAHTIQ. 72
1. 09375UT3&EG35UT*SV+0-9834 8Com®@d 4 .
CaGclTF(= -3938. 9+6HA.074HBBEIMT+142. 396SV+45.
+0.728521U.T57E0T9 6-UT7 &&1 8 UIT8 2S.CR2eC 4 .
CaGc2TF(= -5575. 8+10-CG31DFBET+128. 633SV+7
+0. 96029 T5FAEI2UT2BW0O09UT* SCCIRE & 4.
CaGl 1TF(= -4455. 2+101440.42806TET+56. 133SV+3
1. 37956UT9 EF31-0T75¥841UF060 SC€®PE 4.
CaGl 2TF(= -1308. 7+25/.2526PBTET+36. 016SV+16.

+1.612630WTEE8EO34-UT2 B¥11-UT: JECaé 4.

(0p))
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Tab4.€ontribution of model componenbhased omeCARRACaandaFRAR am

CUPRAC FRAP
NADE R? R(Ad R(Pre Line Intera Curval Errc R? R( Adj R(Pre Line Intera Curvatlt Erro
CaSy 0.8¢0.8C0.79 0.49 0.303 0.005¢0.2«4£1.00 1.00 0.990.57 0.387 0.03¢0.00
CaFr 0.970.9€¢0.950.57 0.295 0.09°"0.0Z21.00 1.00 0.99 0.47 0.479 0.0470.00
CaFr 0.910.8¢0.808 0.80 0.063 0.05(0.081.00 1.00 1.000.53 0.458 0.00:0.00
CaFr 0.9:20.8¢0.89 0.40 0.4127 0.09¢0.071.00 1.00 0.990.58 0.405 0.00f0.00
CaXy 0.9¢0.970.97 0.56 0.28¢ 0.13:0.171.00 1.00 1.000.59 0.406 0.0000.00
CaXy 0.9¢0.9¢0.990.43 0.456 0.1070.0C1.00 1.00 1.000.58 0.378 0.00:0.00
CaXy 0.9¢0.980.940.37 0.442 0.14:0.0¢1.00 1.00 0.990.59 0.384 0.01:0.00
CaGr 0.9:0.8¢0.88 0.35 0.553 0.01¢0.071.00 0.99¢0.99 0.51 0.479 0.00¢0.00
CaGr 0.9¢0.9t:0.95 0.30 0.515 0.14¢0.0¢1.00 1.00 0.99 0.60 0.346 0.0520.00
CaGr 0.970.9¢0.96 0.59 0.309 0.07¢40.021.00 1.00 0.990.57 0.399 0.0220.00
CaGeg 0.7:0.6:0.610.37 0.357 0.0000.2¢1.00 1.00 1.000.65 0.261 0.08:0.00
CaGec 0.9¢0.9¢0.990.68 0.269 0.04:0.0C1.00 12.00 0.990.67 0.234 0.09¢0.00
CagGl 0.9¢0.9¢0.909 0.60 0.287 0.10:0.000.99 0.99¢0.990.56 0.366 0.060.00
CagGl 0.9¢0.9¢0.909 0.40 0.451 0.14:0.000.99 0.99¢0.990.56 0.351 0.07¢0.00

(0p))
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Table 4.8 Regression model aequatitgns for anti

NADES Regression Model Equat

CaSul CUPR#/= -0. 21+0. OB 33VIET+000.7HBYSC+0. 00
-0.01272UT*SV+0.-0.06HBtEEEBEE. 4. °

CaFrl CUPR/= -27.38+0.-04033HET+10936808.8000 531

-0. 034500T0PWDBRRC 24PéCacééééééeéld.
CaFrl CUPR#/= -7.10+0.-O82VJH4ET+0. 734SV+0.0921

0. 008500T0PV49-UTOCREEEEEéééé. 4. !

CaFr2 CUPR/= -12.56+0-02@B8BBET+10.. DUASLH 0. 004 2
-0.03111UT*SV+0-1008REUTEEBEEEEéd. |

CaXyl CUPR#/= -12. 76+0.-065329ET+1. 3865SV+0.0
+0. 007350LUTFEIS4UT*SV+0-1088B&A. 4. <

CaXyl CUPR#/= -31.02+0.-601B44ET+1. 4895SV+0.1
-0. 00129 20UT0*2K/T8 1 80U TO*02\W0 9 91U To*2SHk (4 . !

CaXy2 CUPR#/= -21.12+0.-BG72Z%YHET+1.647SV+0. 162

+0. 0115700.TO*2E9T4 1-UT6 GV4 2 22U TO*3RE.t 4. «

CaGrl1 CUPR#f= -38.28+00.7®64dET+1. 811SV+0. 3585
CaGrl1 CUPR#/= -24.35+0.-48d9WYHET+1. 815SV+0.126
+0. 0106 2W.TOE492-UTOGW38-DTt BECEA. 4. <

CaGr 2 CUPR#/= -13.09+0.-053B8AGET + 10.. 60562825V
+0. 0014 70).TOFEOT7 9 UT* SV+0 .-D.0APES 4 . <

CaGcl CUPR#/= 9.11+0.-A98B@0HT+0. 939SV+0.0204S
-0.01611UT*SV+0-0000B&UgTE &S€Cééé. 4. !

CaGc2 CUPR#/= -5.80+0. D5 4MUMBBET+0. 8056SV+0. 0!
+0. 01330B®UDHMESBS5 E0UTO*0ODW 7 40U T7*84AC 4 . «

CaGl 1 CUPR#/= 1. 01 17 R.UST757 ET + 10..01630875S\C
+0.0112449UD1BBHI93UT*SV+0. 62&d B4 . -

CaGl 2 CUPR#/= 1. 8631180.U4T93ET+1-035306S8C
+0. 00805DUDRET70UT*SV+0-..00%5Ba4. ¢

(0p))
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Table 4.8 contd.
CaSu FRA =55.0222404UT+0. 65-5E05063%98&SYV
-0.0063780UT*IDT96UT*SV+0-. 7G0T TFA4.
CaFr FRA = 88. 71289 92H6YUB974ET+ 11 .0168105163SS/C
+0.022990UDNEDB45UT*SV+0. 0252 9%8U14.
CaFr FRA = 95. 2320 78®R.UZI8493ET+0. 3888B%8C
+0.013999UDOBA34UT*SV+0.0266588714.
CaFr FRA = 90. 204058®5QT167ET+ 01 .7312337041SS/C
+0.01262DUDOBB27UT*SV+0-00Z22FRe&8w14.
CaXy FRA =91.8087115UT+0.89974E®5521888€26S
0. 0071540QUTM*1IEET5S 26 UT* SV+0-00 ADFREBET 4 .
CaXy FRA = 72.-B658929UT+0. 19244ET6666TC964SYV
+0.00428DUDOBEBO3UT*SV+0-105B7BE& 4.
CaXy FRA =64.7l047468UT+0. 2314-1E7%016&62Z72S
+0.003650UDOVBTL79UT*SV+01l.0056P&J.T.*4.
CaGr FRA = 79. 85478526UT+0. 26769E?2¥385&68C79S
+0.00162DUDOBTO9UT*SV+0-00B3Ctm&.U14. ¢
CaGr FRA = 48. 99641 54®732282ET + 10..4824087393SS/C
+0.01232DUDMBB27UT*SV+0-10BT03@®B.UT4. !
CaGr FRA =57. 34434UT+0. 8387 2 ELT. +118.31927483039S4\0 4 L
-0.012929UT*SV+0-10 B2 PIEUE & ES&Céééé é 4 . !
CaGc FRA = 38. 1033886019UT+0. 7619 PET90568%828S’
-0.0090260UTO*OBET 97 UT* SV+0-200338B®HU14 . !
CaGec FRA = 26.7-01870®94UBP41ET+0-00388858C
+0.005718UT*ET+0.003769UTT*xX>Xe/6&.c 4. !
CaGl FRA = 36. @09785282UT+0.21209PE©596518£13S’
+0.00053PUDOBBH45UT*SV+0-10UuAdbHa) 14 . ¢
CaGl FRA = 42 . 07M®6006UT+0. 2655-DE76A@d94&8£51S
-0.0001220UT*0BBTO55UT*SV+0-10 b3PPHERBWUT 4 .
pwt I 3S
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Solvent behaviour with effects to Temperature (UT) on TPC extraction Solvent behaviour with effects to Time (ET) on TPC extraction
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4.6.2 Extraction of antioxidant and antiradic

4. 6.2.1 Tot al phenolic content (TPC) and tot a

The TPC and TFC values extradcthNAIDESpeme A nit edn
imfable #Fle&ul ttdhrashdwme mini mum TPC (123te mgGA
CaGg2while the maxi mumb(t4abhe@dCangrGIAE/ gyt wacst s .
other hand, thel mMighgQEuwmaIFEx(Aa@ted from CaXy
(890g@®EK) was obtained efubpmrseCsactnetlere a fTshoern h 8 0
exper i meantda | warnuenesdt hles k ey g r o uapn coef. sdagFrilf2i cpr od
hi ghesftolTIPBCved by CaFr11, while CaGc21 produc
CaGcll producleddC tfloé | owglkhde bty CaGc 21, whil e Ca
TFC

Table 4.9 Antioxidant and antiradical scavengi
NADESs
NADESs Runs TPC TFC FRAP CUPRAC
( mgGAE/( OgQE/ ( OMTE/ ¢( OMTE/ g)
CaSull 30 27%. 6 33F¢P3 2. £G4 3. 147
CaFr1l1l 30 38¢. 2 4284 5. 848 4. P18
CaFr12 30 458.0 26227 4. 2%C8 4. 341
CaFr21 30 16%. 7 27 f£P 3 4. 531 4. 359
CaXyll 30 17 4¢3 172.1 4. 182 3.910
CaXyl2 30 136. 7 24P 2 3. 28% 3.274
CaXy21 30 12%. 3 17%.0 3. 69% 3.934
CaGrl1l1l 30 14F. 8 20&%. 7 3. 2%% 4. 241
CaGrl1l2 30 16F. 6 19%.0 3. 8382 4. 101
CaGr21 30 14%. 4 18&. 7 3. 123 4. 393
CaGcll 30 146 93 897.3 2. 2%6 3. 852
CaGc21 30 12%.0 482.6 1.641 3. 790
CaGl 11 30 14%. 3 26523 2. 292 3. 798
CaGl 21 30 13%.0 336#¢P1 2. ¢S5 7 3.626
(Means that do seognshacantal yett efeaent

(0p))
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The effects of the factor tdeembri aaattiiomso f( UTR C Ea
preseiri gaelri@aBEi gdr L spegit.ibvuel.yi Factor effects
Tot al Phenolic Contents (TPC) and Total FIl avar
NADESs

which indicates that dhadiefrfeert e retx pefrafingdetndFad n ¢

extréacoed African Nutmeg peelhse hisghegstdialsPE€r e w:

showhabhin® wasduced from CaFrl12 (TPC = 908. 17
conditiorFs gdlil®BWUTABEACET = 20 min, SV = 20 ml,
t hexperi ment al conditions that produced comp:
NADES®i ven gignt B( UTAGACET =10 min, SV = 20 ml, S

FigdrBBT 60ACET= 10 min, SV Fipg®rmBTI=60AETS80 %)
= 20 min, SV =sR&ulmd ,alS€o =b&80&)nsi dered for go
Nut meg peel s. On the other hamada,o umnRCo deoxntdri at cito:
i gi veFni gidgr @B3UT4 ACET =20 min, SVFEgapODA@BUT =SC =
40ACET =10 min, SV =Fil@dmd® T S AC BBT0O=%)2 0 ammidn ,
10 ml , SC = 60%). exhea abkcafdrtnogo ol/AHASI it ¢ aam sNdtomeg p
synthesi zedhdOABPEBdr BUQUT6GEACET = 10 min, SV =
80%)n whi NFADESShA mphes extracted nfoFrGesr o mamh&80pPe &
However, in termsf lodv dfir@inthsag lga skhe mgyd el PH $q =
40ACET = 10 min, S¥hstwi2d® mlgheLt =TBO%xtract ¢
from CaGecll and the | owest of 224.74 OgGAE/ g
conditions that generated at | east 500 OgGAE/ ¢
individual a NAD&SIsp4ars@4UT4EACET = 20 min, SV =
80 %) amiatxh mum TFC of 660.80;Fi QGARBUFS ACET CaGc
= 20 min, SV = 2@maximé&8 of 6D03 1 wdt hGgGAaERERg f
4 . BAQUT5 GEACET5im SV = 15 ml, SC = 70%) wi;th 104
Fi g4r@@UT6GEACET =10 min, SV = 20 ml, SC = 609
CaGGgHREilg4rH4UT6GEACET = 20 min, SV = 10 ml, SC
OgGAE/ g anQlg BATEE .g4 3f2r om Ca Gd Inlaalsd rysih €U i2E 4
(UT6EACET = 20 min, SV.1%22@05 Ml ®ff SEE legvi8a) t

generfawoend CaGc11.

cgt I IS



4.6.2.2 Effects of Factor | nt eAfarcitdamelwt mehge F

The effects of two factors (UT*ET,; UT* SV, UT*
on the extraction of TPC and TFCfoéromadhrota
synthesi zaddNABREspgeFi gdr @Bi gur eod. B ,gur e

429Fi gur o4 . AB8LpectkFvedingtuhtee svas cl eahleycohdwhi ©
necessary ttheex maacmiae of TPC and TFC from the

di f f.erent

(0p))
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Effects of Factors on TPC extraction from African nutmeg peels
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Effects of Factors on TFC extraction from Africa nutmeg peels
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Contour plot of TPC Versus UT, ET Contour plot of TPC versus UT, SV Contour plot of TPC versus UT, SC
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Contour plot of TPC versus UT, ET
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Contour plot of TPC versus UT, SC
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Contour plot of TPC versus UT, ET Contour plot of TPC verus UT, SV Contour plot of TPC versus UT, SC
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Contour plot of TPC versus UT, ET
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Contour plot of TPC versus UT, ET

Contour plot of TPC versus UT, SV

Contour plot of TPC versus UT, SC
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