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Abstract

Essential oil from kaffir lime (Citrus hystrix DC.) peel is a high—value natural
product widely utilized in the cosmetic and herbal medicine industries. Currently, the
extraction of kaffir lime essential oil still relies on traditional methods, such as hydro-
distillation and steam distillation. However, traditional extraction methods are typi-
cally time-consuming, energy-intensive, and involve high temperatures (>100°C),
which may alter or degrade the structure of certain aromatic compounds, such as mon-
oterpenes. In contrast, ultrasound-assisted extraction (UAE) can achieve higher yields
in a shorter time while better preserving the chemical composition and natural aroma,
as it avoids prolonged exposure to high temperatures. Therefore, this study aims to
investigate the chemical composition of essential oil from kaffir lime peel using a
green extraction technique via UAE. The chemical constituents and their concentra-
tions are analyzed using gas chromatography—mass spectrometry (GC-MS) by com-
parison with the NIST Library. The GC-MS analysis demonstrated that UAE effi-
ciently extracted and resolved the major volatile constituents, revealing a highly
unique chemotype characterized by two codominant monoterpene hydrocarbons: D—
Limonene (22.73%) and —Phellandrene (21.16%). These were followed by Citron-
ellal (10.07%), o—Pinene (7.15%), a—Terpineol (3.71%), and Terpinen—4—ol (3.17%).
Notably, the mild conditions of the UAE process successfully preserved the intact bi-
osynthetic cascade of oxygenated monoterpenes, particularly thermolabile esters, in-
cluding Isopulegol (2.53%), Citronellyl acetate (2.12%), Citronellyl propionate
(2.09%), and Citronellyl butyrate (1.81%). The findings indicate that UAE is a highly
efficient, rapid, and sustainable green extraction method capable of preserving the na-
tive chemical profile and biosynthetic integrity of kaffir lime peel essential oil. The
distinctive chemical profile obtained in this study suggests significant potential for
downstream application and value—added product development in the aromatherapy,
nutraceutical, and cosmetic sectors, thereby supporting sustainable community—based
bio—economies.
Keywords: Kaffir lime, Essential oil, Ultrasound—Assisted Extraction, Gas Chroma-
tography—Mass Spectrometry, D-Limonene
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(Monoterpenes), (8 AWV (Sesquiterpenes) (AL tOHDU
(Dlterpenes) (Edogbanya et al., 2019).

zmm2mn (Citrus hystrix) (Judiong :nugl.u fcudo
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(Microwave—assisted extraction) (Hien, 2020), N1y ‘tégu
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918378980 (Bu: niwfintoua (Hydro distillation)
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U“ﬂlﬂUﬂ’lUﬂlJ?Sle’lUlJmﬂ;]j (Aziz et al., 2018). G, %jm
WBAninnuge nnnowauajjaownaj (Ultrasound—
Assisted Extraction, UAE) cachuammmum‘czm, Wudad
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aHaazinlnswnd (GC-MS) lnuujunjuiivnivéyy
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SnrurinsesjsSu rﬁeéﬂjyueﬁﬂtw"’u?zﬁcm
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(23U (n-Hexane, C¢Hy4) Qe (UN1US (Methanol, CH;0H)
HPLC grade.

2.2 hieyd

Bo3refindugyino1wiiay (Ultrasonic Extractor) £01
Yujie, 1: AK040SD, nowufizelfiugyy: 40 kHz, nnvy
(OuweI9dgeio: 690 W. c{"']’ejﬁ Gas Chromatography—
Mass Spectrometry (GC—MS) Ju: Agilent 8890 GC System
zﬁté’suﬁﬁucﬁ'smanﬁnuaumu (MSD) Ju Agilent 5977B.
cfﬁsjazcz‘ﬁs@ummn (Rotary Evaporator) ((Q¢ 208N
(Separatory Funnel).
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299 Suksamrarn et al. (2015), tdov1u1d0HDeroniniisy
Uz 2-3 mm cecdiucisiitodtin (Bousbia et al., 2009).
2). NMugEnn

éjﬁoﬂﬂjci’lsnmméwmﬁnju‘té 50 g3 uafiosy
a0y, amnbuiumowiazats (Sifiu) 338U 150 ¢ § 8o
gou 1:3 (Saydu 1 sou dninwiazate 3 2ou), Jovnean
, m‘cUa'1j?é?ucﬁsjgzﬁméuajjﬂawﬁ@j Tnunoug UM
twileelduag) way sumzy Uiy 50°C dsuiisnougu
coaaluniugefin 45 VIR (Wen et al., 2018). Autndgnio
921tgUinNIuNIUo caz confiogsjweisnin (Acoustic
Cavitation) cﬁlszhﬂmuﬁeuﬁﬂﬁuaejcﬁenwméwn (Khajeh
et al., 2020). cﬁe%ug}mmumﬁo, UIN103210TUN9T 1L
cuntibunevavifivesn You8a08wun (Separatory
Funnel), ainfiufintagougeudue=S0 (% Yield). nwdnta
2ouSsuBiuerdn CLUSNTRMNIO:

% Yield=

2.4 Stinwdcaayu

Dndhiivme Uazifiofigzfintd vrieandoucum
vea Wwinmgow 1:100, wdongjeucaiunsigsman 0.22
pm,ANultUSaizéos GC-MS. nudsadeBdsl:
Column: HPSMS & Column #I3ngzu=Hagy. Carrier
Gas: Helium (He) §o980011n10ty 1.0 mL/min. Tempera-
ture Program: (307 60°C 81915 2 uIiA, wSocbiudy 5°C
/min Susen 240°C. (He Chromatogram 29351 Jums uay
(HovrAngenuindo hazycaarawiitdudiznsu loy
NUJunIU Mass Spectra zﬁ‘cﬁﬁumuéquummmumjm
tInnsa (NIST Library) (Adams, 2007).

3. Bunwdnan

INNIVINIIANILVENIINWEWW (T YsIUEy
wzﬁn293§ﬂﬁum9uaxc5’w'amci’lemmnémn Duda: Dby
mevazBuiinsfinté Singsusdumoanyo dfieduego
(Andiey waz Daowwmujocdnisy. TugouzeIguIngzuy
nytawtiv Buda: Hriumeuasfiotiino Ifvmeu uay
ﬁnéwﬁcﬁucemﬁnaejcﬁenmnémmﬂ’Ijénmw. uemmnii‘,
PNMIUNIWoVYzIVIWBUEEI0 Dudr: nmugziiowiuld
grwrozlinoltgougsuBuurda (%VYield) thafiu
2.18+0.19% 2933318‘1”13’150{1%.

amnSaiediuzneu Jeehivne uazidiuamn
Denmndnadoudnin GC-MS lounwuunyudyy
Mass Spectra ﬁumuég‘u NIST Library, 8udafinda gauan

wun 1R AzySsnaunlgnttiigela 11 1o cé’jna.ucé'l
YL Uendt 77.68% 2Sj§jU3neuzﬁjU’ﬂn?uﬁﬂﬁumeu
Qi Tnaﬁmsazsajnﬁjﬁ:

mnr’junmzﬁnasjzﬁmcmj‘fummmjﬁ 1 Dud: g
(0D Dur3uwgIzn 3 Sudiunida Urnsud: D-Limonene
céjcﬂuéjUznsuz‘ﬁﬁU:ﬁ,uwg}jz‘f’]gm?uﬁﬂﬁumeuazcﬁuﬁ
YouBuludsSuau 22.73% Hicoa Retention Time (RT)
5.348 U1 tay Dainowwdnde)luniudsunguiivnwsyy
(NIST Match Score) g9cH3 98.9%. fjauaclu p—Phellan-
drene BulULS 0w 21.16% Hicoar RT 5.265 uadi (NIST
Match Score 98.2%). 82U Citronellal fug1aduduiugu
wUeSUu 10.07% Hicoat RT 8.785 Uik (NIST Match
Score 95.2%), 109 3 azﬁnﬁﬁcﬁumuéndzneuﬂjn #D
DovingdiudRy way gmZ°Z|uﬁmm’ujéaxwﬂuaejﬁﬂﬁumsuaz
FonndenmnSno.

yenamnawdin 3 gxfnsudiudo Hyluswduy HD
JeU1us993Ju101010U 8: a—Pinene BuTudzI L
7.15% (RT 6.304 wath), a—Terpineol BuTudsI L 3.71%
(RT 20.228 waiA), Terpinen—4—ol HuTudzdu 3.17% (RT
15.916 W) «xz Isopulegol DuTudzI LIy 2.53% (RT
22.760 U).

veniiu #ilunuszyiiues] Citronellol TwUrI Ly
(3nfiey (GINd1 2.5%) (Bu: Citronellyl acetate (2.12%),
Citronellyl propionate (2.09%), Citronellyl butyrate (1.81%)
xz Citronellol (1.14%) naudiu.

89uzneuaDfiggia 11 gxdofinondy Jaa NIST
Match Score € TUNUINITTO (LMD 91.1% 0171 98.9%)
SydugsDudusnorufings) way mwnﬁnc%ﬁm Tunaw
noncenzaAn (Identification) 2931a3d13 0 lunarg=ln
Ynunuuunguiiunwsuunaetau NIST.
4. Swndu

ANNIdngdngsusnniozwiwesyHiivne vay
Wonndenminsnniitt J&fesdueyorinties fuhdiey
tG8udndiduuringegdntagin 6: guiulnesnnuias
AU (A ﬁU‘EDQSjéuajjﬂO’luﬁg‘lj. (59391 n-Hexane (Ju
mnwazawdinzmoiit J8o Jantosslnowisod Hus
Burdofwiwgiluniazat cay Gudimwdlunuid béo
t3u: AlsBo (Chlorophyll) caz walsfiusuc (Carotenoids)
ﬁaxﬁuiﬂmﬁscﬁeﬁo%uuen 2ejzmm§ugoeenmﬁ°|
(Chemat et al., 2017), uonfivfivtnniucinlwsinin
(Cavitation effect) 2Sj§uajjaamfﬁglj ﬁéﬂjLLSjﬁuuzmﬂaﬂu
(S0 1wzl 9l was doutiiy 29jlncinnucandinga)
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SUUSI ﬁjau?ﬁ]aﬂuﬁcﬁjﬂﬁﬁnﬁmﬂeu 1z Azarwfussnua
flumnazaw tEiwsy (Mason et al., 2011).

Cﬁua‘loueejﬁu, nﬂuzﬁﬁﬂﬁumsuazcﬁaﬁjﬁjéns
NOUISY (UL é‘mé’uﬁwﬁﬁuwmémn%n‘cé‘tﬁﬁu tJudsy
:')'mwmﬁnﬁaa UAE wieThoumzw (50°C) fdgyfvty
(Juszwioy musuccsj wsm;u‘tanuammununoum
9111 mmsﬂasmmkuajsem 100°C. snm"wumma"nuu
goutigyfuniugeyiufio § niudjucdilaidignigaiios
no1wEeu 2ejgmUrnsuiiavfiv i way Hunwdaow
Eoudn 3u: 2awlunu Wludhidy tEdudid, Sty
2o991ludiisy way ﬁaaﬂu?ﬁajjﬁuzﬁwmmmwzﬁgjn
(Tiwari, 2015).

ANBUNIUSca1r GC-MS uniudngtl Budtdy
U:m9Uzgjneejﬁﬂﬁumeua:w’ﬁmmrﬁsnwmémo (Citrus
hystrix DC.) Ugngudioy D-Limonene (22.73%), B—
Phellandrene (21.16%), Citronellal (10.07%) Q¢ a—Pinene
(7.15%). cﬁeujumjuﬁugjwﬁnﬁhzﬁthmm fludr suuud)
Urnaun Il Iangsusaswizdofitondiy, Sy E3Hiniy
ﬁ]JECUUC%jEﬁ.U (Traditional Hydrodistillation & Steam Distil-
lation) Bud1: Bunudngn amn UAE wdel WeSuw cay
00101010 TwnuAindiugau SEuIgtntdgInd dadiutd
E00aw. fod19i8U: 113 ta29] Waikedak et al. (2017) ¥

17

=t

1YW NIy ﬁuccuuﬁjcﬁu fiu D-Limonene Uz Uy
15.84% 2z 31U3t9293 Chanthaphon et al. (2008) U a-
Pinene w33 2.36—2.83% tiaiiu, aoiiq Jirovetz et al.
(2003) $itE&a18910 Ur3uau B-Phellandrene & U073 8.5—
15%. 813705010, nwudu Phellandrene 983 21.16%
nuSnanl grinesfuiotédousnfidugeydnin UAE.
ﬁu‘tnzsajg’uajj@umsmﬂo (Ultrasonic waves) 9z(Sn 1o
Jaiionay Cavitation (N0 Az confiogsjuejsningy
mandiss Twninwiazae) céjéﬂjELSjﬁu €L QUYL Ty
Qriularwingdysuusy (Chemat, 2017). ccsﬁu*’énﬁ duwy
cuc’wzﬁwmvwzu‘ﬁjca929jcﬁsmmnémmzﬁsﬁnUevﬁﬂﬁussn
UTtEggdetardiny, hwsdustwizamaaidenty
nefulicAodzARIumnwdjulaldigaznaglucany
(Isomerization) 2991.U Monoterpene hydrocarbons Z?lﬁa‘?"m
twianu CyH,6 §ifiu t1: Nn1WUIUSUIN Limonene
Pinene U130 6Nty Phellandrene Tuazmd1gnwgziio
(Tiwari, 2015).

naunaniu Citronellal (10.07%), Isopulegol (2.53%),
Citronellyl acetate (2.12%), Citronellyl propionate (2.09%)
(ay Citronellol (1.14%) doufiuvTufodnl avwn)tédiy

cﬁjcéumﬂjéazﬁjumzﬁﬁugu, 10e Citronellal ¥:fndjusy
Wiy Citronellol 1gruoUNIy Reduction way §ndjua
tWiduny Ester grngresucuy (Lawrence, 2015).

NGy GC-MS aumnnondumineyiiuny Ester
cﬁﬂﬁ‘cﬁﬂﬂjﬁuﬁau waz D NIST Match Score Higjge (91—

96%) ncUumnmus’mums w0y Wicsiucgs 2tausuess

@&nfin UAE. Bejamniugsiinios UAE Soardiy way &
thotanoiuseugiuoadudiiuniub ofiucuubindy,
i‘ju%’jzawmz”J9jﬁumncmniﬁnm’njcaﬁmnﬂowésu 29910
11U Oxygenated monoterpenes 1 totino1u&eu i uda
(Tiwari, 2015). §jﬁ§jﬁu?ﬁmuuzwﬂu war Humeuthiuzgn
eoibumeUavdiufnEnantdtadndoyy.
5. awqu o

nudng1tuigtdedudugnlaluniugziio cay
5cmxéjUzneUcaﬁe93ﬁwﬁumsuaxcﬁmmtﬁenwm‘é’mn
Yoududistinaiwou 11 gawvznsy way tiytuiuha p-
Phellandrene BuludsSuwiig iy 21.16% fadutdon
motuda3taficnuui. WnunwinlBdEndnniwasiocwy
2305‘1”1"1011%% 3 cﬁnﬁnmua:ﬁmﬁouﬁuajjﬂawﬁgj (4~ H
5&9‘1350&583 GC-MS, c§jzlw'mﬁuﬂﬁucemﬁnmnmﬁu
2oyt bunsuazdiufigsfiotd Yoo dangwuydszneund
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hydrocarbons (Ju8juUsneudin 2 Suiutndnludngouii U
03591y &: D-Limonene (22.73%) < B—Phellandrene
(21.16%) (83foudusunuulys tudiicany caz Dutd
pntwdnStadiotufiiinesdu Phellandrene Tuuz3 Ul
ot NN TBENDn UAE (B1tunivgsiio sxen Wi
cﬁjé‘cﬁUjUéJ°|jéncﬁ)u‘ZUnm%nmguu:w’luaejaméﬂﬁu
lougwiononduninTuny Oxygenated monoterpenes &
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4—ol, Isopulegol Doufigoryiiuny Ester 01199 t3: Citron-
ellyl acetate, Citronellyl propionate (tQz Citronellyl butyrate
loudfonweandin § ogzwwnigen D,

nwdubudznsuin Ditedudoyy war Jienyini

Py

SUHiud1 Lalivmeuazdudanmingyniigzindoudi

I

UAE ByuanniiBozuiug) cay Dicsifidniolunwutaty
finnzuidusnsngmemazoyuty, deide, vrdany
fiugzda cuﬁeéﬂjquéﬂcﬁu?uﬁcchwzﬁnmzmuguéu?uezmﬁm.
6. &80ue)

Bawzc31 Uy @ﬁuamﬁmzmam sUzfuwAno: &
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276



Budzlmuniiuwingoutn war dideuslnualifivwngon
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  % Yield=   ນໍ້າໜັກນໍ້າມັນ   ( g )  ນໍ້າໜັກວັດຖຸດິບ   ( g ) x100

