Nyansnaluladnisenns unningaeasd UN 14 adui 2 nsngau - SuaA 2562 108

m'iLﬁum’mﬂ\‘16\"3%aaﬁﬁﬂuwauszmsﬁfmﬁuﬂg%'uﬂauLwaanﬂlad‘l@ﬂﬂamn@ﬁﬁu
Enhancement of essential oil stability by cyclodextrins inclusion complex
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ABSTRACT

Most of volatile aroma compounds,
which are characteristics of each plant essential
oil, are not stable and can be volatilized during
processing or long time storage. In addition, the
essential oils show poor solubility property.
Encapsulation  techniques can  enhance
essential oil stability. Encapsulation of essential
oils by cyclodextrins (CDs) can form inclusion
complex, which helps increasing stability and
solubility of essential oils. Preparation of
inclusion complex depends on essential oil
After

complex between essential oils and CDs is

properties and CDs types. inclusion
formed, the thermal and irradiation stability can
be improved as well as anti-oxidation property,
antimicrobial property, and solubility. Moreover,
the release of volatile aroma compounds in
essential oils can be controlled by inclusion
complex. With these unique properties of CDs
inclusion complex, it can be applied into
various food and medical industries.

inclusion

essential oil, stability,
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N o [ Ql = v a Y
Aslulanse danwazdunsder dnsdnteedn
auidfnd1egunTigAudn (Figure 1) laseaiiaves
CDs Usgnausigtinaneayi-f-nalaa (alpha-D-
slucose) Wonsonumewusglnaladnn (glycosidic
bond) kUU beta-(1,4) Aad1uusndantAgouL
(hydrophilic) @uraniulu (cavity) Haud@liveu
11 (hydrophobic) CDs Table 1 wansauianiaall
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yunvesluanase waari-lelaanngviu (alpha-
cyclodextrin; 0-CD) Um1-lelaainngn3y (beta-
cyclodextrin; B-CD) wazwnuui-lalaatangniu
(gamma-cyclodextrin; Y-CD) @4id1uu11914
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Audnannsluyseann 0.6, 0.8 way 1.0 wiluung
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Internal hydrophobic cavity
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Figure 1 3D structure of CDs [6]
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Figure 2 Chemical structure of a, B and y-CD [6]

CDs wanlaanniseesudenlaioulay
woari-wedliad (alpha-amylase) wae lelaaiangvsu
ﬂ@Iﬂ‘% anTudieLsa (cyclodextrin glucosyl transferase,
CGTase) lnafaundnainudaiudusnas nseuds
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dndruveswaiilaa @amylose) 11nn31 ezl
Iananantisunituedilamniiu @mylopectin) 31nLUs
Thudsndaideutlidlng CDs fauvalidveuiii
Tnsaneluvedluanadsanunsoduansiiidadonlsd
arilandRvouinusnafiadunisuendsaunse
avaneunld urmvaunsalunisazatewes CDs
Fimautrsidedisutuanumnsanlunisldanu
UNUSEIAN Ae @1u1saazane a-CD la 14 n5U vi3e
v-CD 23 n¥u Tui 10 H08303 lgaungd 25 o
waidea Turaedt B-CD anunsoavarslfifies 1.8
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A%y Wi [9] feiinasi B-CD fAr1wauisn
azatuan Losannisinsunsisenelunas
Aeuanveanylansenda (hydroxyl group) 3¢
mLUumammwmLUiLwameUs ammwiumi
avansuves B-CD AiudiamuAnsuausumLad 2, 3
wag 6 VIlATIAIe Imwmmuﬂlamaﬂ%awmiuau
fumiisil 6 danuannsalunsvindunsizengage
sosaaunduduvisdl 2 uag 3 auddu 9 p-CD
ﬁgﬂﬁmLLU'ﬁ%ﬁauﬁ'&mqmstWLLazmﬁLLmﬂGi'NiU
iy Feoravinldeuanunselunisavanetuay
muRuNsUanUdesldfBedu onfogeyiusves
CDs fin1un1siauls Loy hydroxypropyl- 3-CD,
methyl- B-CD, 2,6-di-O-methyl- B-CD wag 2,3,6-
per-O-methyl- B-CD
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Table 1 Physicochemical characteristics of a-CD, B—CD and v-CD [6,7]

physicochemical properties a-CD B-cb Y-CD
Glucose units 6 7 8
Chemical formula CagHg0O0 CaoH70035 CagHgoOup
Molecular weight 972 1135 1297
Cavity diameter (A) 5.7 7.8 9.5

Cycle diameter (A) 14.6-15 15.4-15.8 17.5-17.9
Cavity volume (A®) 173 262 427
Aqueous solubility at 25 °C (g 100 mL™) 14 1.8 23
Melting point (°C) 275 280 275

d15UsEnauduAgdu (inclusion complex)
yniinamtsiy lelranndviu flased Ju
thmausarh-A-nglea iewerfudeiuselnaladdin
LUU beta-(1,4) imdulaseade 3 06 sunsaefu
Fadiinsaduly 91nnsameeiaiia secondary
hydroxyl group fiansususumiafi 2 uae3 aEUIIn
gausunien Tuvaedl primary hydroxyl sroup
YoIiUBUA MM 6 Bfiveusunsatn waydsd
lelpsiaufiensuousumiedl 3 uay 5 surieendiay
agmelulnsaves COs Wunaliusnaniglulnsees
CDs ansnsaduiivansilaifidnlan luvaefinaneuen
flauAflvouring wenunsoazanetild lunsdivesnis
\NaensUsEnausuAgiures CDs futhsiuneuszne
thu \fleazany s lutheedluanavosindluey
meluusnalnsses CDs (host) dlainnsiudsuutad
driving force U3tailnsamelu Tuanathazgnuuii
éf’;aimaqasuaqﬁwﬂummzma (hydrophobic guest)
FaazdluvhSumsisenuuu apolar-apolar iliszuu
fingsuansatuaviimuneiesunty esu1enis
AnensUsznauBuagiuain Figure 3 lnefidumoudsil

IuLaqamaaﬁwﬁwamzm&ﬂumiazmEJ%LﬁmLLiqmé’ﬂ
(repulsive interaction) ssmwimaqa‘f wﬁaguisau 9
Tuvaszfinneglulnsewes COs ARNsHNSIWILYDS
Wusylalasiay (hydrogen bond) WWusraunannng
wnuiivesiinelulnse CDs 5908 nnsanusHdn
spwindlanathduvesswetuihiiogsoun Tnediy
Lmﬁqq}mwdwimaqaﬁhj%uﬁﬂ (hydrophobic
interaction) vhililananatiuvenszmeaeniaiondy
Tunelulnsawes CDs Aiauddliazanenin egalsh
A1U8198 W598E19B YU WIWABSINad (Van der
Waals) tag LLiQﬁQ@m%Wﬁ’N%’J (dipole-dipole) 113N
Reresie 8] Faduiussilindusannin sieid
vanetladefiiuniinaiensifinansusyneudungiu
AINATIAIY WY s ugudnatsvedinsangly Cos,
pH, ionization state TIMAYIENITHTENAITUTZNOU
Bungtu uenanil CDs Ssamnsnduiuesieiusy
Tanaus (covalent) tag woulaniaus (non-covalent)
quiAinidu building blocks Tassasauunalveyfidudeu

(supramolecular complex) [9]

Figure 3 Schematic illustration of inclusion complexation of hydrophobic guest by CDs [10]
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dumgdu [7] L%ﬂﬁﬂﬁLM@JW”ﬁWM%Uﬁ’ﬁﬁI@Ja“aWEJ‘SW
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AsANAENaY I35 uaInn1savateasludavi
avmsau‘v]ia Ly chtoroform benzene %39 diethyl
ether 91n1uL CDs Aias awiummaammaw
wanzan TdadUluansazaneuazniunay Sloansavans
Wudasauianan mﬁﬂmé’lﬁ?u%gﬂé’wﬁwﬁaﬁ’]
azaneduniduaziinluouusisiigaumgdl 50 oeen
waldoa fs1eaun1sleasilunisnanaisuseneu
duagduresintuvoussmeiu B-CD way tran-
anethole 7uansusznoundnluisiunoussive
NNwandns (fennel) [11,12] wivnnduansiissive
UA8ANN5oU (thermal labile) wazausaazany
il avldmadansyuisuuuudidenuds (freeze-
drying %5® lyophilization) Tagazniuarsuanlu
ansazany CDs wazyhurauuuutfonuds st
Nl NA P eiYarane B unS Suaztn Ui
éf’;mzwqﬁgﬁgwmﬁLﬁaslﬁwﬁﬂmaqmiﬂﬁzﬂauéuﬂQ
Fuupneentfudasyainiu d9iinstauisondn
asUseneudungtulad wisngdmiunskaalums
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FuroairTuneussine Wuifuaineuise
(cinnamon oil), NuWg (clove oil), gl (thyme) wag
flunszna basil Aflansusznevdifey Ae estragole
[13] dwSU S8 sviuswuumusles (spray drying) 1
wuinwnedmitldiulanaiienuasiason
%ou lnvazany CDs waza57id osnvinansusenay
suegiiilutindu anduiliuisiaemioiu
wuununesn el 50-70 esmwalud way
Snsudlunstouasavareilmunzay %%m'iﬁgﬂ
Frunldegrauninate esanaiuisarinlade
Funoulbidudou s1alaiuns uagldnondnganin
Aeg1Msiuiswuunusegluansuseneudungdu
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® Ultraviolet-visible spectroscopy (UV-vis)
Juisfnwnmsieansusenaudungtulosiu ald
UV-vis spectrophotometer BT ITNUS LN ULE
84 v = a dll PN
139 598 Tunsganfuuasiigaeniueaiugange
NNMSAAETUTENRUBUAgTUYBY CDs uAayyiln
WAy ANNUNTUTBIENSNUANAAU Fiog N3l UV-
vis aradeunsinduagu 1wy deluasavane B-
caryophyllene fifen QLY peak V83 UV-vis 127
A A a a Y ! PN
gMIARY 205 nm Usiilaiindungdunudn peak 1Ay
gmrdU 205 nm el Faunileunuansavanees CDs
Wigsegaien uanvinindurgtusewatysal [15]

® Phase solubility {138 MsnTiadeUNanan
P ] a v  a N ~
Mainduasusenoudungduase niesluiies
physical mixture vesa13vilaliuiu CDs ioagly

2 o & = °
sUvenalunan lngnisihansusenauinagany
11 FaarTUUNNITATA8YRIEIINFULUU phase
olubility vesnsiindunsisesEnINeesuas CDs Tu
ansazanelu eafl (Figure 4)
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Figure 4 Phase solubility profiles and classification of inclusion complexes [16]
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diagram wdaEnsavnAsTiAY LR eI SUsEnay
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e K fe Savmsfivesnsnduinsiusiu wils
910 slope 095w Tuthedu m? s

Ky fio Sn1Asiinisuensaeanaintu mls
ANWARNYDY Intercept U 1-slope Sivmeilu s?

deflansanAaiinuAmIvesEnsUszney
(K) wudndn K, Afianamangaulunislideauey

* Corresponding author e-mail: inthawoot.s@chula.ac.th

T4 100-5,000 ansua wnansuseneufidean Ks
A 100 das/lua axdnaviliAnsunsisetetig
9aUIENINN (Ds Uagluanaas wagasyinliinnis
UanUaeevadluanaansiaie Tumenduiumnan K,
#1Angandn 5,000 ans/lua auinnsduiuves COs #ig
luanaansegrautuuazadiuin vilvldaiunse
UanUdosansiiildodsauysnl Ssautfdotanunn
i llglunsfinsannisauaunisvanddesves
a13Usznavdungtuld nanfe 91vmuAulniinis
Uaﬂﬂdaa%’ﬂaﬁmﬁumﬂwﬂuamammiummi
LLa‘”LﬂiENmJ fednadu nnansuszneuduagdiuan
ihifussneniifisnmsazaneniiues oleuropein sy
\Duldunsefinandnunizyos Altype n1a phase
olubility diagram Hunu18A31371 oleuropein T
ansUsEneullanuAsiuaziAMLEINsaluMsaYaTe
qﬁmﬁa%’uﬁ’u CDs [17]
® Differential scanning calorimetry (DSC)
\Jumededilé@nviuisuiisuanuasisomi
Fou (thermal stability) vesensuavansUseneudumgtu
flgevaesnvanvizeqaiiion Insfiansan endothermic
¥30 exothermic peak finuanasusazliunnglu
ansUseneudusg¥u annsAnwwuIninisly DSC Ty
nmsnyaeunEialuasUssneuduagdu B-CO fiu
ihfunouszmeaInoULBLAZ NUNG A trans
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cinnamaldehyde waz eugenol Wudulsznou e
AenseenBintiuazunng exothermic peak figamadl
wansiuiuasUseneudungdu uandliiiuings
fugndudluiitnssnelures B-co iflesannlainy
exothermic peak %aﬁaﬁiﬂizﬂauﬁqmﬁﬂ”ﬁﬁmﬁﬂ
fiu trans-cinnamaldehyde ag eugenol [18]

® X-ray diffraction (XRD) Huwmedad
IUNEENADNNTNTINERUANTUTENOUBUAGT UV
dsfuvensyveethann Wesmnduneussmnei
Duveunarduagliilifnnisidenuureuas
wadluansuseneudumgduves CDs avinliniin
AULANANSYBY diffractogram wamsliugans
{AnansUszneuTes CDs AU tsfuneuszwe g s
nslfineiadfuasussneudungiuronintuey
seineAluanga (camomile) wag 983n1lu (oregano)
yufsensuszneuduagdu B-CD furiunensyive
9T AT unieves diffraction peak wAnsnefy

o

UiunousemeaInTIegilivsdAsy [14]

nsldansusznaudungdu
nsiinansuseneudungduavdwananig
Wasuuasautinienisnnuasaiivesinduven
sz Tag CDs agviminfidnifutndunenszive
lflulnsanely fnavililuanavesthifumey
sumeiAnnsasuutasaioududiunisves
Taana (s den1sidsundasignlivsslonily
pWNsuALATDsFIeE1WAINYANY Table 2 Wansds
nsUfuUsantAvetdfunoussmeiioidadu
asuszneudungiu Tne CDs vwhindnddey fe
Huimnansignivlilidawesifistunntade
ABUN LU 0NTAY kas wazauTou vibiliin
mseondndunarmssyvevesansszvelinay i
Aansaluazaty YSuussnmunmmelseam
durla HrongremdnsiasiuazmununsUantasela

Table 2. Examples of improved properties of essential oil after encapsulation with cyclodextrins

Essential oil Cyclodextrins Properties References
Cinnamon oil B-CD Stability [19,22]
Jasmin oil B-CD Stability [19]
Peppermint oil B-CD Stability [19]
Caraway oil B-CD Stability [20,32]
Thymol, Eugenol and Carvacrol B-CD Stability, Solubility [21]
Clove oil B-CD Stability [22]
Lavender oil a, B, vy, HP-B-CD  Stability [23]
Olive leaf oil B -CD Stability, Solubility [17]
Basil oil a, B, vy, HP-B-CD  Stability, Controlled release [13]
Tarragon oils a, B, vy, HP-B-CD  Stability, Controlled release [13]
Lemongrass Oil o, B, vy, HP-B-CD  Stability, Controlled release [24]
Carvacrol, Eugenol, Linalool and 2-pentanoytfuran — a., 3, HP-B-CD Solubility [25]
p-Cymene, Thymol, Carvacrol B-CD Stability [26]

* Corresponding author e-mail: inthawoot.s@chula.ac.th
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nafiuauAsivesiduressvedisBuag Ty
pauwangvaslalaaiangnsy

nssiuuasveniTuneussnelng
mmﬁmawﬂwmau%mg%’uLﬁmmﬂmﬁﬁﬁwﬁwau
seimsiilleglulnssvadlalaamndnsy vinlvld
aunsoduiatuisiieeylidituneussmeden
Felalnenss Seildiduneussimeiinnuacd
untu Fennsiiduagiunsuwandidedinans
Usznis laun

o Jasfunisgayidsanslinausznding
NSTUUMSMRSHUUL T aNUD g

difuneuszvefiataldaniivawlngos
Anmsgaydeldireiionineglusuvesanssemed
avangluinty Tnethifunensuneasneuaueons
Wasuuawesgamgiifigavdesiunng sndog1e
i TunseusunsyuisiuuusBenudeildgamad
s 20 ssrnwaded ildansluisuneuseive
vUssnninnisdsuudatly Wy arssemeli
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