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Abstract

This study was conducted to confirm the usefulness of essential oil components in yuzu and kumquat cultivated
in Korea for comparison with those in lemon and lime. The volatile flavor compounds in citrus fruits (yuzu, kumquat,
lemon and lime) were extracted for 3 h with 100 mL redistilled n-pentane/diethylether (1:1, v/v) mixture, using
a simultaneous steam distillation and extraction apparatus (SDE). The volatile flavor compositions of the samples
were analyzed by gas chromatography-mass spectrometry (GC-MS). The aroma compounds analyzed were 104
(3,713.02 mg/kg) in yuzu, 87 (621.71 mg/kg) in kumquat 103 (3,024.69 mg/kg) in lemon and 106 (2,209.16 mg/kg)
in lime. Limonene was a major volatile flavor compound in four citrus fruits. The peak area of limonene was
35.03% in yuzu, 63.82% in kumquat, 40.35% in lemon, and 25.06% in lime. In addition to limonene, the major
volatile flavor compounds were y-terpinene, linalool, B-myrcene, (E)-B-famesene, a-pinene and [(3-pinene in yuzu,
and B-myrcene, a-pinene, (Z)-limonene oxide, (E)-limonene oxide, geranyl acetate and limonen-10-yl acetate in
kumquat. Furthermore, y-terpinene, [3-pinene, [3-myrcene, geranyl acetate, neryl acetate and (Z)-B-bisabolene in
lemon and Y-terpinene, 3-pinene, (Z)-B-bisabolene, neral, geranial and neryl acetate in lime were also detected.
As a result, it was confirmed that the composition of volatile flavor compounds in four citrus fruits was different.
Also, yuzu and kumquat are judged to be worthy of use altematives for lemon and lime widely used in the fragrance

industry.

Key words : volatile flavor compounds, citrus fruits, SDE, GC/MS
N B Citrus; 7€ o} m12 8413k 4T 2 Ao] 4 Sl
k3 chk ofel maket PPy vl Yov), F
Cirusdr 71 & A AA e AoA] d Bk gzl 2 gle] Fahgql 3 AR A 2P ofrvie
EE 2 FER AR Ay 2] shom, 2F A B It ALoR Al E R AE Akl R
aha sl g wak ohjet JFHQ A wjie] BAl R AMgelldl dAsitn Qe slthed). @FEEAAD
wE AT BE A0 g@ Bilo] SUKIL vk, A AFFFE oS vid o] TFERL e
hede] ke o 2508 £ o]kl v, citmusr 7l L 60w

*Corresponding author. E-mail : kskim@chosun.ac.kr

Phone : 82-62-230-7724, Fax : 82-62-224-8880

Received 28 February 2017; Revised 21 May 2017; Accepted
7 June 2017.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

E oo 7P =& v &S A Eta JTkS). L S
f+AKyuzu, Citrus junos Tanaka), 52 (kumquat, C. japonica),

d2(lemon, C Lmonurm) 2 2FA(lime, C aurantifolia) 5=
AR 2v7F Ha

fAe] AAAE SR P, 37, 47 L L

-394 -



Comparison of volatile flavor compounds of yuzu, kumquat, lemon and lime 395

SAlA A 3 e HA R Skl = AletA|diof e
Hol AT, 18, ¢E, AR, AR, e 92 AR FolA
AufE A glom, kg gl A8 AFo R Wol o]&H 1
Ark B fAbE AL 285, A, AlE, A, @ S "ol
AHEEM, 7719 713 e xR AREE T e 7
2= 2F A AHEA B=the). 522 272l
3 Bol] Ela e 9= FH R FolA ot A
A= 3 Qlom, Sel8 dufe} vk 7|2 HE A E
Alelsta A& A etet] AL duto] Aeba 5
5 2 g AE 7RINT). TREE T B9 99
S (round kumquat, C. japonica)®} EF]E QI $ha
= (oval kumquat, C. nmrgarita) 2 T2 Fg°l H|3] 27]
7} 2 dlg-g(large kumquat, C, obovata) 5°| 1o, sh=
A= 7]&o] wEegh Halet Ao} dxFo] FH-gk A5
Aol Al F2 AuiE 3L ATkE). HES Fdotrlopt 9
AR QI BE, ekt 9 S v A Ey o},
olgg]ol, 259l e AEd Ao} FolA FE AulE
= HI2 54 uf Fgsto] °j oW o w Wgtrt
(9-10). sl Q1% Defo]Alo} Bl mlQkulr} 4kA] o],
Arff - ofdh Aol A A= 3L Y= HARE FHof| st
o} Eok o] FHo] wingy A 542w o
2 ok AAE 7 o, HES wlg- A Alnt
7HITH(1D). Citrus<r 7)o o g-e &

2ot el &l 2ol d 3 Yidzlo] glow, & 25
HIE}] po] A EC R P FE2HE 55
A, @A), ksl g 27], g T AR
UehllE Edoltk12). Ul dzd2d3} nizirta
= Fe2HE T A4, i AlE S A, ks
FAF, e § o Ay 7lsds 7 A vk
HaEok13). ol et e or Fad e T/
o] =S A i AL AAE 3 o] &
sh= Ao Fasith #Yo AAl s dHA R Hol o]
5L Sl oAl edo] vk HrE o] ATk ofell 4R
A HL] oAld e el ApAlek FEot E esith

ueba 2 AFE AE

cittus oil®] A+t 2/dol tigh 2| 2& FFA1717] A3l 578
HAaok 4L 22, g 9

sto] FAFQ dle R ekl vlete] gmellA] ABAtke =
fraket 229 AAY S ERlsta o] 59 A9 7 %
el & W A8 ekl o
AFetazt o] AFE TPk

¢

¢

i
3
o
o e
>,1:I

o ofy @ [r
tlo 12 rlo rr wlo

ot o2

AN

oo
f
)
)
uf
2
o
K
>
o
A
fr

AN =
FAEE), FRAD), ABEIT) D Sl e 2}

Zke] g 714 E BAE ¢lsl 20159 12€ FA Y
ntE gl Aol A 2 FAstith B Adl ARggt
ARES AAY BHAN EcES AL S/TE
A2 & -70TC2] deep freezer(MDF-U4086S, Sanyo,
Tokyo, Japan)ol] E#sle] A|RE AL83}%
Al e
2 AT AR BE A2 Sigmail(St, Louis, MO,
USA) ¢} Fisher Scientific(Waltham, MA, USA)C. 2 5E &
FA S T3+ T Diethyl ether, n-pentane 2] #7]-%
| = HPLC gradeE T%i3tod, ©] & THA] wire spiral packed
double distilling apparatus(Normschliff Geratebau, Wertheim,
Germany) X 2 ASFE F LA PP ES FE319
ot =& &A1 F3X Millipore Corporation, Bedford,
MA, USA)°IA @& o] & ek(ultra pure water) S Al-§-3}
AT 4 NaxSOs= 650C 3|3tz ollA o524 B &
desiccatorol|A] ¥Hl&le] §7]&mle] 4o A3l

3N 7|82

2 =2, dE 2 2] 5300 g2 AEA ulra turax =
Eete] o] 28k 500 mLE &3ste] 1 N NaOH £
O = pH 7022 243t & o] & W YT =&
A5Z Agetth 3 e F22 9o
Schultz 5(14)°] ¥Rl met /g AEFS7SHT=
| (Likens & Nickerson type simultaneous distillation &
extraction apparatus, SDE, Normschliff, Wertheim, Germany)
(15)°1 4] n-pentane:diethylether &3+8-mli(1:1, v/v) 100 mL
£ AHgste] Adstetell A 3A1RE BF FESITE A A
< 93 WHEEFEZZ nbutylbenzene 1 ILE FE&
Alzel Arletdeh 29 A8 1859 f7]8v
8 F-& vigreux column(250 mL, Normschliff Geratebau,
Wertheim, Germany)= ©|-8-5t] °F 3 mL7HA] 5538 th=
GCE vialel A4 Aa7taE o] &ate] o | mL7HA] 55
gt & GCMSS] TAHAIEE A&t

UM FUHE A

Simultaneous distillation extraction(SDE)#™ < ©|-8-3}
o =3 £ 59 I 7142 gas chromatography
/mass spectrometry(GC/MS) & #2433} T}, 24 of] AF8-3F
GC/MSE GCMS-QP2010Plus(Shimadzu, Kyoto, Japan) 7]
71E AHEStth EElE A RS olksle
El(electron impact jonization)®'H .2 &3}l3th GC/MS &
2 2712 ionization voltageE- 70 eVZ 3}%] 2.H, injector2]
SEE 250CE ok gl Wele
40-350(mjz) 2.2 A3+ 2™, column= DB-5(60 mx0.25
mm id., 025 pm film thickness, J&W, Santa Clara,
California, CA, USA)S A}836131 11, &% T2 33 40T

Oev
wag



396

oM 323 FAIG thg 2Cmine] == 150C7H] A
A SEIF 88l TUS TR 180CTHA] FLA1A 58
74 Al 4C/min®] =2 200T7H] 35A121
1087 $A48 TS 5Tming] SE= 230T7H] 354
71
o
=
3

Jo
D)
ol
ol
8
S

T 1083 FA3 =S A% 81t Carrier gas helium
AFEEl] §42S 1.0 mLyminl 2 3l om, 3w 8]
2 1 uLE split ratio 1:300.2 FU AT

Jon
3
0z

U182 ol U Mz

GC/MS®l| 2]3] total ionization chromatogram(TIC)ol] &
2l¥ 7} peak?] A& £ mass spectrum library(NIST
05, WILEY 7 2} FFNSC 2)¢} mass spectral data book2]
spectrum(16,17)2+2] 42 2D GC/MS 210l 9] 3} retention
index9} £&1749] retention index(18,19)9}+2] L] 2 £
49 4 datas Y]wste] Rl 559 e
7138 BdE H ke flote] R RTEdR ke
n-butyl benzene@} 7t 3|44 S}3HE9] peak area% H| 1 5te]
zh 3y shekee RS ALk T

SAIXz2

2 AL 5740 = 33] o]} vy AY
= Yepigleom, A 55 ko] BAA fod
SPSS(version 21.0, SPSS IBM., Chicago, IL, USA)&
o] p<0.05 4=l A] Duncan’s multiple range testE

o

o

o e
Mol Lo
o

S~

2 9
1_9.
REE

it
o 2 g

il
o

>

15
[
st

i

fAke] 3k g E-S B8] 9l5ke] SDE W o
2 3 RS FE3I T GOMSE ISt

5349 318%2] chromatogram< Fig. 10l =2]8}31 o0,
A 5 Table 1¢] YeEPHSAT, FAke] 387 3]
RS F 14F o2 IS 3713.02 mgkgo] EH1E AT,
#5718 2 hydrocarbonF7} 33%(82.48%) 2= 713 =
L H&S AR F e, 1 thE 0 2 & alcohol {7} 245
(11.54%), ester+ 16%(3.78%), aldehydefr 21E(1.23%),
oxide T 5%(0.61%) 2 ketoneT 5%(0.31%)°] 21| ATk
#5719 S hydrocarbon 7} 3,063.69 mg/kg o= 7}
7 =3k o, alcohol F 428.64 mg/kg, ester++140.48 mg/kg,
aldehyde ¥+ 45.88 mg/kg, oxide¥+ 22.85 mg/kg 2 ketoneF+
11.48 mg/kg =22 YENSTHTable 2). frAlA & 7752
terpenoid 77t FH H A oM, HFS 3,523.50 mg/kg =
A2l 94.88% 5 AA|FATE L Fol A4 monoterpene
hydrocarbonf+ 69.35%(2,575.27 mg/kg), sesquiterpene
hydrocarbon#E 9.79%(363.67 mg/kg)® 2lE gl om,

fr
M1 o
fr

A243A A3Z (2017)

oxygenated monoterpene7/F  13.05%(484.58 mg/kg),
oxygenated sesquiterpene = 2.69%(99.98 mg/kg) = <1
= A th(Fig. 2).

FrAtoll A 21 hydrocarbonf & o] 7HE =2 3t
352 monoterpene$! limonene 22 1,300.68 mg/kg®] &
ZE oM, peak areat 35.03% = A HAT) Lee 5(8)2
Aol = limonene®] 3] 59.52-74.30% = K315 ]
o, Kang S0 FEWHd wgt Fddre=
78.15-84.13%, 252 21.03%-81.19% = A= Achal B
DBIATE AT A= FAE AR AFESte] B4
A} o5 ATt zte] ztolE Htha Al HTh

Limonene Th 2.2 2H91¥ hydrocarbonf+= y-terpinene
(13.46%), [B-myrcene(4.56%), (E)-B-farnesene(4.37%), a
-pinene(3.80%), B-pinene(3.21%), a-phellandrene(3.09%),
(E)-B-ocimene(2.31%) 2 a-terpinolene(2.24%) =22 T4
= Aok

Limonene- citrusr 2+ 9] & -F/3 &l 70% o]/ &
How, gitsl dAdo] =2 EAE dEA ) Eg
At F M ZAIA GA|E A7 Al &o] wlf- mom,
el Alze] S2A19A 2 FEAHe] &3 5ol lttn
48] 5 th21,22). y-Terpinene®] &2 Lee 5(8) 2 Kang
5202 ATellA limonene Thao & Eo| gHEAtta
Hasigletl, B A7 23k frAlete] y-terpinene-S Ak
o] 54AQ LS &AF  UATh y-Terpinene
< limonene®] ©]/dsle]| oJal Y= Lo &2
g g3 A £ F71E 7HRIH, peppermint, thyme,
spearmint & TFFer 21 F3FE 2| o] &¥ = setEe|tt
(23,24). 743 S 7FA 2L Y= B-myrcened] TERE ¥
-terpinene 2! limonene2} @8] WAl 18] & 7FA| a1 UA] o}
kst gt oA, gt 37| FolA By ste] &
B Aol A Aoz AlE-shA] &AL citral, citronellol,
citronellal, geraniol, linalool, nerol %! menthol 52 A|Z3}7|
A FHEAZA wlg HAAQ] R0 | TH?2S).

Alcohol & Z 7FF =2 v]& & YEl linalool®] peak
areat 7.46% % TS 277.17 mgkgo®E 1= QUTh
Linalool2 %2 23} A7 2 EA @is = g =249
GZZ EI|E 7RI o] & uiRto 2 WA, AlA|, AR
g 2Ae 299 ] AFS] 60-80%E 38 FHAR
AHEEH, B S, 2ty B apEde ASARE o SHT
(26).

Lee 5(8)2] 1<l A limonene, y-terpinene, 3-farnesene,
sabinene, linalool, 3-myrcene % terpinolene 7%-°] A} A
714wl 924%5 ARGtk ekl ok, £ o
ME 6847% %= ElE gl on, o5 A& o]2]d] a-pinene,
B-pinene, a-phellandrene, (E)-B-ocimene 2 germacrene D
o] Akl Fa 3gtE = GRIHATE 3 linalyl acetate,
a-funebrene, bicyclogermacrene, [3-sesquiphellandrene, 4-vinyl-

Ean



Comparison of volatile flavor compounds of yuzu, kumquat, lemon

and lime

{210,000,000)
T

s
(-]

W
o

0
=}

pen v b by
(3]

8]
T
&

fa
i

o

=]

=t
n

Yuzu

5
-%

N P e s |
20 100

{210,000,000)

g
=]
L
=/

PP W W
[=] o (=] on

(I T T ST R ST

in

=]

Kumquat

=,
|-
A

g T e |
50 100

Lemon

Ll L, Jll|

e D e M o e DO et e Tt P S RS e T T T T
10 20 20 40 50 an

20

woow s
& . B

o

Tovo D bina bbby

fa [
(=]

o

=]

=]
n

Lime

R (1L

0 R
10 b1 20 20

Fig. 1. GC/MS chromatograms of the volatile flavor compounds in yuzu, kumquat, lemon and lime.
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LS., internal standard.(The ionization voltage and temperature of injector and ion source were 70 eV, 230°C and 250°C respectively. The mass spectrometer scanned from 40

to 350 m/z. DB-5 capillary column was used for the separation).
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Table 1. Volatile flavor compounds identified in yuzu, kumquat, lemon and lime

L 3 Yuzu Kumquat Lemon Lime
No RI Compounds name MP MW Area% mghkg  Area%  mgkg  Ara%  mgkg  Area%  mglkg
Hydrocarbons

1 922 Tricyclene CioHis 136 - - - 0.00 0.13% 0.01 021"
2 926  o-Thujene CioHis 136 1.50 55.65° - 091 2762 0.94 20.71°
3 933  a-Pinene CioHis 136 3.80 141.24° 325 2022° 2.86 86.47° 2.78 61.50°
4 950  Camphene CioHys 136 0.06 237 - - 0.08 236" 0.16 347"
5 973  Sabinene CioHis 136 1.38 51.19" 0.89 556" 2.65 80.01° 245 54.08"
6 979  [3-Pinene CioHye 136 321 119.36" - - 792 239.45° 774 171.06"
7 989  [3-Myrcene CioHjs 136 4.56 169.34° 1277 79.43" 5.67 171.51° 274 60.62"
8 1007  a-Phellandrene CioHis 136 3.09 114.76" - 0.17 514" 0.15 322"
9 1018  a-Terpinene CioHis 136 0.82 3047° - 042 12.61° 0.71 15.79"
10 1027  p-Cymene CoHis 134 124 4598 - - 062 1890 - -
11 1030  Limonene CioHis 136 3503 130068° 6382  397.13 4035 122179° 2506  55358°
121049  (B-B-Ocimene CioHis 136 231 85.84° - 027 828" 0.31 6.82
IS 1060  Butyl benzene CoHiy 134 - - - - - - - -
13 1068  y-Terpinene CioHys 136 1346 499.78" 0.16 1.or* 1157 349.95° 9.64 212.98"
14 1089  a-Terpinolene CioHies 136 224 83.36" 0.14 0.85" 1.60 48.40° 1.66 36.64"
15 1115  1,3,8-p-Menthatriene CioHys 134 - - 0.06 039" 0.01 0.24" 0.01 0.26"
16 1337  &-Elemene CisHo 204 0.25 9.17 024 148" - 0.11 251°
17 1379  a-Copaene CsHy 204 0.35 12.90° 0.10 0.63" - - -
18 1388  [3-Bourbonene CisHas 204 - - 0.03 021 - - - -
19 1392 B-Elemene CsHy 204 073 2716° 047 294 002 054 041 905
20 1403  a-Funebrene CsHy 204 0.11 397 - - - - -
21 1416  (J-a-Bergamotene CisHy 204 - - 0.15 4.63° 0.38 847"
22 1422 o-Santalene CisHy 204 - - - - 0.02 055" 0.05 L15°
23 1425  (B-B-Caryophyllene CsHn 204 0.06 233" 0.03 0.18" 1.06 2019 2.01 44.38°
24 1432 y-Elemene CisHy 204 0.20 7.56° 0.12 0.74" - - 0.07 153"
25 1437  (B-a-Bergamotene CisHos 204 - - - - 1.99 60.06" 3.54 7825
26 1439 a-Guaiene CisHy 204 0.06 213" 0.03 021" - - - -
27 1440  (B-a-Caryophyllene CisHy 204 - - - 0.08 256" 0.23 499"
28 1443 Sesquisabinene CisHy 204 0.02 0.70 - - - - -
29 1445  Guaia-6,9-diene CsHn 204 0.02 093 0.09 0.53" - - - -
30 1452 (B)-[3-Farnesene CsHy 204 4.37 162.47° 0.02 0.15" 0.19 585 0.51 1129
31 1461  a-Humulene CisHy 204 0.20 753 0.08 0.52" 0.17 5.12° 045 9,831
32 1480  y-Curcumene CisHos 204 - - 0.04 1.24° 0.09 2.04°
33 1482 a-Curcumene CsHn 202 - - - - 0.01 0.38" 0.04 0.79"
34 1487  Germacrene D CisHas 204 122 4535 0.82 5.10° - - - -
35 1488  (B-[-Bergamotene CisHo 204 - - - 0.13 398 0.50 1.01°
36 1496  [B3-Selinene CisHy 204 0.05 1.80° - - - 0.08 1.79°
37 1498  Valencene CisHas 204 - - 0.24 738

38 1502  (J-a-Bisabolene CisHy 204 - - - 0.28 8.57" 0.84 1857
39 1502  Bicyclogermacrene CisHy 204 0.31 11.35 - - - - - -
40 1503  (EHB-a-Famesene CisHy 204 0.02 0.70" 0.13 0.82" 0.07 1.99" 0.80 1759
41 1505  6-Guaiene CisHs 204 0.06 237 0.04 0.22° - - - -
42 1511 (Z-B-Bisabolene CisHos 204 - - 291 88.14° 4.84 107.02°
43 1514  (Z-y-Bisabolene CsHy 204 - - - 0.03 093" 0.07 149"
44 1518  y-Cadinene CisHy 204 0.01 0.44 - - - - - -
45 1521  &-Cadinene CisHa 204 0.64 2384 0.11 0.70° 0.00 0.12" 0.01 0.26"
46 1526  7-Epi-a-selinene CsHx 204 - - - 0.02 0.67" 0.05 1.06"
47 1527 [3-Sesquiphellandrene CisHy 204 0.38 14.12 - - - - -
48 159  (B-y-Bisabolene Cisths 204 - - 001 040" 005 106
49 1542  (B-a-Bisabolene CsHn 204 - - - - 0.07 203" 0.20 4.46°
50 1566  Germacrene B CsHy 204 0.72 26.85° 0.17 107" - 024 5.30°
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Table 1. Continued
I 2 3 Yuzu Kumquat Lemon Lime
No  RI Compounds name M MW Area% mghkg  Area% mghkg  Area% mgkg  Area%  mgkg
Aldehydes
51 799 Hexanal CeH,,0 100 0.09 343 0.02 0.12" 0.01 0.26" 0.08 167
52 831 Furfural CsH,0, 96 0.00 014" - - - 0.00 0.10"
53 852 (£)-2-Hexenal CeH100 98 0.03 1.29° - - 0.00 0.05" 0.02 0.50"
54 899  Heptanal GH.,0 114 0.01 038 0.19 1.15° 0.00 0.14' 0.02 034"
55 1004  Octanal CsHis0 128 0.14 5.24° - - 0.03 0.91° 0.07 153
5 1105  Nonanal CHO 142 0.10 3.56° 042 258" 0.09 281° 0.05 LT
57 1153 Citronellal CyoH;s0 154 - - - 0.30 9.07" 0.09 193
58 1161  Isoneral CioH;s0 152 - - - 0.04 1.08" 0.17 3710
59 1180  Isogeranial CioHis0 152 - - - 0.06 1.81° 025 553
60 1194  (J-4-Decenal CoHis0 154 0.04 136 - - - - - -
61 1206  Decanal CioHx0 156 025 9.11° 0.05 0.32" 0.12 3.50° 044 9.68°
62 1240  Neral CioH;60 152 - - - - 1.36 40.99" 459 101.48°
63 1261  (B)-2-Decenal CioH;s0 154 0.07 251° 0.01 0.06" - - - -
64 1267  Geranial CioHisO 152 0.01 048" 0.03 0.17" 091 2761° 444 98.01°
65 1278  Perillaldehyde CioHi,0 150 0.05 1.95° 0.08 0.53" 0.06 181° 0.20 447°
66 1290  a-Terpinen-7-al CiH1s0 150 0.03 1.16 - - - - - -
67 1307  Undecanal CiHx0 170 0.07 272 0.83 5.15° 0.10 291 0.09 1.98"
68 1319  (EB-24Decadienal CoHO 152 0.06 207 ; ; ; ;
69 1410  Dodecanal CpH,0 184 0.12 456" - - 0.28 629
70 1449  (EZ-2,6-Dodecadienal CioHyO 180 0.02 0.63 - - - -
71 1468  (A-2-Dodecenal CpHx0 182 0.02 0.62 - - - - -
72 1612 Tetradecanal CisHx0 212 0.02 0.90° - 0.00 0.04" 0.13 2.86°
73 1695  [3-Sinensal CisHx0 218 0.07 2.63 - - - - -
74 1710  (EZ-Farnesal CisHO 220 - - - 0.00 0.06" 0.04 0.86"
75 1715  Pentadecanal CisHz0 226 - - - - - 0.04 094
76 1738 (EE-Famesal CisHx0 220 - - - 0.00 0.13" 0.06 125
77 1816  Hexadecanal CiH30 240 0.01 037" 0.01 0.18" 0.40 877"
78 1919  Heptadecanal Ci7H30 254 0.02 0.77" - - 0.04 090°
79 2021  Octadecanal CisH30 268 - - - - 0.02 047
Alcohols
80 698 2-Pentanol GCsH;,0 88 0.01 0.46° 0.01 0.04' 0.00 0.09° 0.00 0.09°
81 786  2,3-Butanediol CiHy0, 90 0.04 1.54° 0.13 0.80° 0.01 0.34" 0.04 0.84°
8 854 (4-3-Hexenol CeH;20 100 0.01 0.24" 0.05 029 - - -
83 867 Hexanol CeHisO 102 0.04 1.34 - - - - -
84 1072 Octanol CsHisO 130 0.14 500 - - 0.02 0.73" - -
85 1101  Linalool CoHisO 154 746 2711 067 4.16' L1 3365 196 4334
8 1123 D-Fenchyl alcohol CioH;s0 154 - - - - - - 0.06 122
87 1124 (B-p-Mentha-2,3-dienol CIOH160 152 0.50 3.09° 0.02 0.75" 0.04 0.80"
88 1127  (Z-p-Menth-2-en-1-0l CoHis0 154 0.06 227 - - 0.02 0.72" 0.09 2.06°
89 1164  Teresantalol CioH;60 152 - - 0.11 0.68 - - -
90 1176  Borneol CioH;50 154 - - 0.02 0.11° - 0.17 372
91 1181  Limonen-4-ol CioHis0 152 - - 0.03 0.17 - - - -
92 1183  4-Terpineol CioH;50 154 0.68 25.11° 0.03 0.20" 0.54 1622 2.52 55.61°
93 1189  p-Cymen-8-ol CioHis0 150 - - - - 0.02 0.52" 0.06 125
94 1198  a-Terpineol CioHisO 154 0.64 2373 0.46 2.88" 1.08 32.79° 3.09 68.32°
95 1202 (B)-Piperitol CioHisO 154 - - 051 314" 0.05 1.48° 0.06 1.28°
9% 1221  (B-Carveol CioH;0 152 0.04 1.51° 042 263 0.05 1.39 - -
97 1225  Nerol CioHisO 154 0.04 143" 0.01 0.05" 1.34 4052° 250 55.23°
98 1234  (Z-Carveol CioH;c0 152 0.01 034° 0.11 0.66° 0.01 0.16' - -
99 1249  Geraniol CioHisO 154 - - 0.03 0.16' 1.28 3873 - -
100 1291  Thymol CieH1s0 150 - - - - - 0.06 132
101 1292  Limonen-10-ol CioH;c0 152 0.04 1.64° 0.16 1.00" - - -
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I 2 3 Yuzu Kumquat Lemon Lime
No  RI Compounds name M MW Area% mghkg  Area% mghkg  Area% mgkg  Area%  mgkg
102 1299  Carvacrol CyH10 150 - - - - - 0.21 4.73
103 1300  Perilla alcohol CioHi0 152 0.04 139" 0.08 0.48" - - -
104 1310  4-Vinyl-guaiacol CoHi90, 150 0.04 1.55" - - - - -
105 1551  a-Elemol CsHiO 222 0.06 239 0.07 041° - - - -
106 1560  (B)-Nerolidol CisHisO 222 022 824" 0.11 0.71° 0.00 0.11° 0.03 063"
107 1582 Spathulenol CisHO 220 092 34.07° 0.02 0.14* 0.02 048" 0.01 0.16'
108 1595  Viridiflorol CsHsO 222 0.02 0.68" 0.16 1.02° - - - -
109 1633  y-Eudesmol CsHyO 222 044 16.46° 0.08 0.52" 0.00 0.02" 0.24 539"
110 1646 T-Muurolol CisHxO 222 0.06 208" 0.13 0.81° - - -
111 1660  T-Cadinol CisHxO 222 0.18 661" 0.16 097 - - 0.04 097"
12 1662  B-Eudesmol CsH0 22 014 524010 063 006 194 034 753
113 1673  Epi-B-bisabolol CsHisO 222 - - - 0.04 1.29° 0.17 369"
114 1691  a-Bisabolol CsHsO 222 - - - - 0.11 3.19° 0.59 313
115 1714  (EH-Famnesol CsHiO 222 - - 0.03 022 - - -
116 1717 Nootkatol CisHO 220 022 813" 024 147" - 0.10 212"
Esters
117 1074 (Z-Sabinene hydrate CioH;50 154 024 890° - 0.06 1.81° 0.04 0.93"
118 1103  (B-Sabinene hydrate CioHis0 154 - - - - 0.08 241 - -
119 1113 Heptyl acetate GoHj50, 158 - - 0.02 0.13 - - -
120 1159  Camphene hydrate CioH;50 154 - - - - - - 0.02 0.36
121 1209  Octyl acetate CiHy0, 172 0.36 1327° 047 2.89" 0.02 0.54' - -
122 1230  Thymol methyl ether CiH;s0 164 001 021 - - - -
123 1249  Linalyl acetate CpHy0, 196 0.70 25.87 - - - - -
124 1286 Bornyl acetate CpHyO, 196 0.07 2.56° - 0.01 022" 0.02 048
125 1333 (Z-Carvyl acetate Ci2H;50, 194 0.01 0.39 - - - - -
126 1348 a-Terpinyl acetate CioHy0, 196 1.67 6191° 0.16 1.02" - - - -
127 1348 Citronellyl acetate CpH0, 198 - - - - 0.39 1183 0.09 1.95°
128 1357  Neryl acetate CipHyO, 196 0.14 532" 021 1.28" 329 99.53¢ 381 84.14"
129 1372 a-Terpinyl acetate CioHy0, 196 - - - - 0.07 2.05 - -
130 1377 Geranyl acetate CpHy0, 196 0.22 8.19° 1.77 11.02° 354 107.06" 0.69 15.25°
131 1407  Decyl acetate CpHx0, 200 0.03 1.25° 0.08 047" 0.01 027 0.03 0.64°
132 1410  Limonen-10-yl acetate CpHisO, 194 - - 1.01 6.26" 0.05 157" - -
133 1420  p-Menthen-9-ol acetate CiHaOr 196 0.02 0.79" 021 133 - - - -
134 1435  Perillyl acetate CpHig0, 194 0.14 531 0.32 2.01° - - - -
135 1446  Neryl propionate CuHln0; 210 - - - - 0.03 0.93 - -
136 1467  Geranyl propanoate Ci3Hp0, 210 - - 0.04 0.25" 0.05 146° - -
137 1546 (J-Sesquisabinene hydrate CisHa0 222 - - - 0.02 0.53 - -
138 1556  (B)-Sesquisabinene hydrate CisHy0 222 0.02 082 - 0.01 0.16" - -
139 1606  Dodecyl acetate Ci4Hs02 228 - - - 0.00 0.04" 0.05 107
140 1789  o-Eudesmol acetate Ci7Hx0, 264 0.14 5.28 - - - - - -
141 1831  Farnesyl acetate CiyHi0, 264 - - 0.02 012" 0.00 0.03" - -
142 1923 Methyl palmitate CyHy0, 270 0.01 041° - - 0.01 0.04' 0.01 0.10°
143 2094  Methyl linoleate CoHy0, 2% - - 0.04 025" - - 0.01 0.15"
144 2098  Methyl linolenate CiHn0, 292 - - 0.05 029" 0.01 0.16" 0.01 028
145 2148 Ethyl linoleate CyoHz0, 308 - - 0.04 023" 0.02 0.63 0.02 039"
146 2160  Ethyl linolenate CyH30, 306 - - 0.01 0.04" 0.07 2.18° 0.03 073
147 2166  Ethyl oleate CuoHu0: 310 - - 001 00* - - -
Ketones
148 1151  Camphor CyoHis0 152 0.03 1.28" 0.21 1.30° 0.05 1.40° 0.07 145°
149 1190  Cryptone CoH,,0 138 0.13 479 0.10 0.61° - - - -
150 1246  Carvone CiHi0 150 0.05 1.80° 0.28 174 0.05 142 0.03 067"
151 1253  Butyrophenone CHO 148 - - 0.01 0.05 - - - -
152 1257  Piperitone CioHi0 152 0.05 1.91 - 0.02 047 0.25 549
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Yuzu Kumquat Lemon Lime
RI MF Mw”
No Compounds name Area%  mgkg  Area%  mgkg  Area%  mghkg  Area%  mglkg
153 1729 Hemiarin C10HsO3 176 - - - - - - 0.02 0.50
154 1739 Oplopanone CisHO, 238 0.05 1.70° 0.06 035" - - - -
155 1811  Nootkatone CisHnO 218 - 0.00 0.08" 0.01 028
156 1980  Citropten CiHiOs 206 - - - - - - 0.02 0.54
Oxides
157 1077 (Z-Linalooloxide CiHis0, 170 - - 0.07 042 - - - -
158 1079  (B-Linalooloxide CoHig0; 170 - - 0.03 021 - - - -
159 1135  (Z-Limoneneoxide CioHis0 152 0.16 6.09" 242 15.06° 0.24 714 0.18 396"
160 1139  (H-Limoneneoxide CioHisO 152 0.16 5.88" 178 11.05° 0.16 495 0.15 331°
161 1145  4,8-Epoxy-p-menth-1-ene CioHisO 152 0.14 5200 - - 0.07 225° 0.24 523
162 1320  p-Mentha-2,8-diene-1-hydroperoxide CioHieO» 168 - - 0.53 331° 0.07 2.12° - -
163 1332 p-Mentha-1,8-dien<4-hydroperoxide = CioHicO» 168 - - 0.25 1.53 - - - -
164 1587  Caryophyllene oxide CisHxO 220 0.11 4.16° 0.10 0.64" 0.08 241 0.36 8.04¢
165 1617  Humulene epoxide IT CisHxO 220 0.04 1.52° 0.03 0.20" 0.01 0.24° 0.03 0.58"
Total 100 3713.02 100 621.71 100 3,024.69 100 2,200.16
"RI, Retention index.
7’MF Molecular formula,
3)MW Molecular weight.
%Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.
Table 2. Relative contents of the functional groups in the volatile compounds detected in yuzu, kumquat, lemon and lime
. Yuzu Kumquat Lemon Lime
Functional groups
NO. Area% mg/kg NO. Area% mg/kg NO. Area% mg/kg NO. Area% mg/kg
Alcohols 24 11.54 428.64 27 443 2744 20 578 175.12 22 12.38 27343
Aldehydes 21 1.23 45.88 8 1.63 10.08 17 3.09 9345 22 11.52 25438
Esters 16 378 140.48 16 4.46 27.63 21 774 23345 14 483 106.47
Hydrocarbons 33 82.48 3,063.69 22 8357 520.09 35 82.59 2,500.19 38 69.93 1,544.83
Ketones 5 031 11.48 6 0.66 4.05 4 0.12 337 6 0.40 8.93
Oxides 5 0.61 22.85 8 521 3242 6 0.63 19.11 4 0.96 21.12
Total 104 100 3,713.02 87 100 621.71 103 100 302469 106 100 2,209.16
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