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Abstract

While powders encapsulated by B-cyclodextrin and citron model flavor oils were stored at different tem-
peratures of 25°C and 60°C for 36 days, the release characteristics of flavoring materials were evaluated.
The stabilities were predicted by the quantitative analysis of limonene oxides formed the highest per-
centage of citron oil. The release rates of flavor oils were considerably faster than those of encapsulated
flavors. The release rates of five monoterpenes in citron model flavor were markedly varied depend on
the degree of diffusion, which led to progressive change in ratios of components. On the other hand,
the release rates of encapsulated flavors were fitted well to the Avrami equation representing the release
characteristics. The release rates of total oil and each components were rather slow and had a similar
tendency. For storage stability of citron model flavor, flavor oil stored at 60°C was found to be oxidized
most rapidly; oxidized products of d-limonene, i.e., limonene-1,2-epoxide of 1.12 mg/g oil and carvone
of 0.33 mg oil were produced a day. Although flavor oil stored at 25°C was oxidized slowly, the value
as a flavor was lost because of the ratio changed. The encapsulated flavor was not oxidized as B-cyclo-
dextrin is heat stable and not hygroscopic. All constituents of citron model flavor are inclusioned struc-
turally into B-cyclodextrin’s cavity as demonstrated by the fact that the ratios of five monoterpenes were
also maintained well.
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ok opeEl AkAy, 4, Wl gk S ASAITIA
Ht}(Hirokazu et al., 2001). Molecular encapsula-tion
S 8k e Y9 tE WRle] sith(Pagington,
1985; Furuta e al., 1994). 37, Pcyclodextrin} F
718ES FEo] AT HuE, oerE 7
L gulE ARESIE 3} EA), B-cyclodextrin £
Hof| 57 Aeje] FrAEE T AlA,
10~40%2] 8- X§sie 95 AdHe] Bcyclo-
dextrin® 3719 8-& E3dhs Wiol At} o W
He T2 LujE Bo] AMEH, B9 o] 23
= A& 9% & vk ", g8k o g4
& ouix]7} Mobdti(Bhandari et al, 1999).
o3t W oZ =3lE flavoring materiak> f-
cyclodextrin®t complex® F4& wj /N F71EF
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E5E & B By oplg; 12 Hlg 3 & &
Aefof FREANS 7HAE FJAskA &4 Eoh &
A%k, YEstE FEE Ajgte] Agel uet o 7}
A Z7A9 &3l 8] (liberationy’t LA =}
g gulo} &3 Areotr #AHo] YA Y&
g B 24 o] A g vRlth ol&
o] T2 &= wistel B Atole ¥, HEF
o] g3xe}t HEEAS B3 olsAd s =H
= HF] o8] ZHEthBertolini et al, 2001).

weha], B Ao ME molecular encapsulation Y
H Z A WA W precipitation % (Reineccius er
al, 1988y5 ol&dte] 2 WAFS A= & F
8 7495 57F<] monoterpene E-S W&
. fEstd 22g HEsteA o2 Fhe A
36Y Bt AASHA AZko] Agdl wE WEE
A9 B-cyclodextrin®l]] TH7F4] monoterpene 73+
o] FE=Ee Fx9d HE FA BA=E FH A,
Avrami equationS E3] W& £T8 B3 Hgo
o, 7P B2 74882 AFAEAL 1= d-limonene
o] AEEe GC Ay 48 T3 AR A5
& HSith olE T T WE S 2 A
9} A% £H, B-cyclodextrinde] +2& A3
MRS A5 Bt

Tz W L

e M=

SHEA {2 el 3kciron model flavor)el T4
820 o-pinene, P-myrcene, limonene, Y-terpinene,
linalool®] Al%F % Aldrich(U.S.A)AFe] AES A}
239 th  B-cyclodextrin(Wako Pure  Chemical
Industrials, Lid.y& EEZAZ o|&3tHrt, GCol 2
g I AE 4 ARE Y E BEFEEE o
tetradecane(Sigma Chemical Co.YS AME8IFeH, &
2k 29 3re] FERol THEE a9 FEE 9
&t hexane> HPLC grade(Fisher Scientific.)& AH&-
). &5 AFET 23 M EAE 9 A
REAE d-limonene® AF3}E<Q]  limonene-1,2-
epoxide?} carvone(Fluka Chemie CmbH CH-9471
Buchs)& ARE3HA T}

FXHe2| molecular encapsulation
2 ¥d Fg 2d2 o §A Fo 8 F
8-S AA3h= 57FA] monoterpene?! d-limonene,

y-terpinene, linalool, o-pinene, B-myrcene® Z+Zt
% 5(1999)°] Bz =3 dE fxte] Wz
Zuo) uwe} 82.16, 10.8, 3.13, 2.22, 22%¢] AF
Hlo} s FEhe FS olehol BIAA 10%(wiv)
e gIdg e xF FEE ARFPOH,
ol& w3l FAN HEHAR o] &3

Precipitation ' (Reineccius et al., 1988)% ©o|&
& flavor % 15%(wiw), &S F= 30%(w/
w), A7 44| 7ke] AN AEstd (4 2d
k2] complex powderE FH|3819It}. 55°C incubator®]]
A 209 B-cyclodextring FalR oghE g4 &
o 200 mLol| $38] gaiAIzItt AR Fo] 2
e ANEE(10% wiv)oll &A1 55°CE b
37 4A1% B-cyclodextrin &40l oghgo] L)€
54 g M3 FYsi, olwl, B-cyclodextrin &
ade A4 wuls) FUok 2d gL B3 T
7Y E F@El AR AIZFsQE wukek oy
Z £d8 A3 F 4Cc YHArAM 3 T B
wa3lgoh A-E B-cyclodextrin-flavor complexE
2AF sl o8k 35aisrh. JAAES 55°C convec-
tion ovenollA 24X+ Fot HAZAZTH(Bhandari et
al., 1999).

H=st BA DY B HESY 24

25°C incubator®} 60°C ovenoll A H&3lEX] e
gaol Aeste Bwe 7tz A%ste] 368 F9
2 Rot West Bdore Fe] FAREE
233l duldgez AAs 25°Cel = e
FA] Wsleko] 2 Wbl 60°CE ¥IXE H2 &
Tolmg Iy grlAdie] Wi 3o &4
o2 fAHe HslEge] . webA, 25°Cix =
3duit}, 60°ColAM = wild 100 uLe] s 0.2 g9
g 7tz AlFstkd 36 9 ALl nE
ol A wslE FAsY. AFHT 2LE ¥
AFT(16 % 125 mm)o| ZFH59 hexane2 122 ¥
3 85°CollA] AAF 7HHe 2 BEo] FHA 208
B FERE FEIAY FE T, AFY /U1F
uke- BEalsdl o FE3H-e A 3
sla] oA {71FL 2F et R HFEEF
¢l n-tetradecaneS YA HF & F, nitrogen stream
& o]&83lY 1mLE F&3ld GCE 439}
(Bhandari et al., 1998). 100uL® FH3 FHe
900 uL2] hexaneS P31 EFE] =90 F GCE
A dRek Hastd Edela g #4
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e 27] o] dF e W& (Shiga et al,
2001)2 vERA AT

gRe| 24

55 P71 ELS gas chromatograph(DS6200,
Donam Instrument Inc.)o]l FID detectors ARE3}ed
AT AFEE HY2 fused silica capillary
column(0.25mm idX50m lengthx022pm film
coated with polyethylene glycol; BP 20, SGE Ltd.,
Melbourne, Australia)©] ™, split injection system
(split ratio; 1:20)°1 2l8le] 30 mL/min®] R&Ho2
TR FEELS 15u8 FYBAT. Column oven
9] &5+ A& 50°C(1 min initial hold)olA] 200°C
7H] 3Cmin®] $x2 A SH, injector 2=
£ 250°C, detector &%= 260°CE FAIFATH &
ZE F2EL 7+ 15u8 FYst 243

A 24U BB LRl Y B

o-pinene, B-myrcene, limonene, Y-terpinene, linalool
o EFEHE o8&t HHF RT3 H(internal
standard method)(Fowlis, 1995y °]-&stit}h. 7} &
FEAS FY5k] automatic integratorel] o3 HE-
H peak areaZ EA3tH EEIHE AP F

e Aol o8 JF 2AsATh

Avrami equation0l| 2|8t 24 &| HEEM BM

W& &5 A4 (release rate constant)g 7317] ¢
3 A1) 7o) Avrami equation(Avrami, 1939,
1940, 1941)2 A3k,

R = exp[-(k)] 49
R : the retention of flavors during release =

the flavor content of samples
the initial flavor content

t : time
n : a parameter representing the release mechanism
k : the release rate constant

4 (e DA AYYY A= 2 9
st Avramiz} 9H ol@ o2 Hol FHAL
Aasre mAe) 28 219 9o} A4
Beg Nzl PP 298 + Yo, 147)
A EE TABAY W37 2 98

ARR-EZIE i) g BAAF ] gF A o]
A7bell SJEFA] v TR Wy r)zhe d9ys)
o S8 5UHSuna} Daridson, 1988). 2ol
d-limonene® n-hexanoateS ¥ 331 EXAxS B
Zo] WEEXN-S B3] Y8 AEVIE sk
(Shiga et al, 2001). & (1)°IM n=1& 12}0HE-S
UEhZ, n=0.54 4+ Alg uk-3(the diffusion-
limiting reaction kinetics)yS  Y}EFH tHHancock%}
Sharp, 1972). 2] (1)9] <ol 228 F ¥ FHald,
g 4 Q9 2 AAE 4L F Utk

In-lnR)y=nlnk+nint 3)

2l )2 2ol In¢in R) vs. In t2 2314, 7
27190 n& & F AT, y AR ZRYH W &
= 7Y k& 78 4 Urk(Shiga er al, 2001).

R RS 2oliEe 2

3 BY o] AR Fte e A3
A3 Fe FAe AR F 4 2% M & 9
&8 AAFE= d-limonened] £3f AHEE WEEA
243 22 WHeR AR 717 met AEE A
F3I3 hexaneCZ FE3l] GColl o3l A4
% 3%t} d-limonene2] Atdlel] <3 EajitE<Ql
limonene-1,2-epoxide$} carvone?] A== Fo] =
g 5 ZF &xoXe] Fhet PestE B
AHAE A=319tHReineccius ef al., 1986; Anandaraman
et al., 1987).

-k nt-y

&St 7A Y o WESY

Hestd RUERE {2 29 Fo] UESHe
B-cyclodextrin®] ¥old &3t T8 W WEsk
=& 7EEAI717] 918k 60°Cold AEEA &
sHoem, 2R g adE BRI Al
T 3 ARsA vlasdoh 23, 226
E4WstE 24387 St 25°cel= Feste
23 FHE A7 ARsld BuEAsdo A%
AlZbol 2 Zt A8 FAEEY WEHEE Fig
13 2ot Aubdo g A&std BUzREe 34
¥o E&wrt FR/E a2 AXE ARt 4
A 2YE & F AU Asstd By HES
e A A3 aske FEe B W, &

Me oot fooX



122

Retention
o
[4)]

0.3
¢ 25T powder
02 | w250 ol
o1 b ® 60C powder
A 60T ol
0 ; .
0 10 2 k¢l

Storage time (day)

Fig. 1. Time courses of total oil retention in f-
cyclodextrin encapsulated flavor oil and untreated flavor
oil during storage at 25°C and 60°C.
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fo BHEEreE 27 AR 108 F51EH 734
A Zrste] A7) 7ve) Agte] mEbs] F43] i
slo] 60°Col MAE TR Afolle A 31YA
Wr1Foz A BT WEHo 2FFol A
sk}, 25°cell AR Fhe AT E7lod= 60°C
AN AAE P&ty BorRo AA i T
oM B o o] uiE&wr) v $RKEiHa, A
717y 30U7MAE ets AT o)3E 2
He= E2F S VR0 E R WEEEEYE

E B3 Ao zA A8 §2% oS AAF
£ dlimonened] WEEEEYE BExA59 Hwd

o = ?—-lqué}"’* &+ ok

24 29 e FAske d- hmonene— A5k L}
= rnonoterpeneﬁ] gl g0 MEEE BYE 2
HEW Fig. 2¢} 2t} Fig 29 (a)°ﬂ/‘1 BE A3
Zo| o-pinene Hestd o o WEEA
I dA3] Zoprt Y= AE & 5 Aok o-pinene
< & 74 AEC vE Fegel HluA ot

+ 25°C powder
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Fig. 2. Time courses of (a) a-pinene, (b) B-myrcene, (c) Y-terpinene, (d) linalool in B-cyclodextrin encapsulated flavor oil

and untreated flavor oil during storage at 25°C and 60°C.
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(156°C) Hto} 25°Ce} 60°C AAZZANAM t7|F2
2 Filo] Z doju wE £x 2 "ol Yojydrh
A, o-pinened P-cyclodextrin®ll 2J3] F<edte
oMY UEEE7 o) =g & 5 U,

o] & B-cyclodextrin -2+ QtolA] A A F<lo] ot
RS BEE FAd 2AYEE0) YIS

O

d & 9= Aztelth Fig. 29] (b)= B-myrcene®
2455 Yehia J=dl a-pinenedt vHEHA|
Z B-myrcene® FHE ZHE AT 7oA 9
WEEErE e wE ARE BRgon, 60T A
A3 e Aee A 23d4 GC EAAH F
g ARl AEEA ot U] Fo2 A WE
HYeS & & UG Fig. 29 ©% e Z7
Y-terpinenes} linalool®] WEEEREE VERA ZQ0
d M2 8 A%S BATh Asstd BoelA
= 25°CS 60°CollX WE £t AMAE] 7HAE
o}, a2 BRI FFe S 2Vlde 23]
Aestd BddM Boh 2 37 Bid 29E
Ho|x Q) o]RL 7|4 o-pinene, B-myrcene, d-
limonene®] WE SE2 WEEHo JUHo=
linalool®] BA-8=7F Eobx dAHeg ke 4
#=2 AzrE), A o)A & AAFHA TR
o] g z sl AFAZRe]l EFO we} -
terpinene} linalool®] W&&E7} F43%] 7=
RAg & 5 Atk ols LAIH F7F dAide] @
linalool® A © @32 A& HE AL y-terpinenek.
o #ede) ¥ ¥l Wi HEEErt AdEe
Roz Hadr),

Fig. 1, 2014 F3F9] 33t o)l& FA sk 7N
H PR S /A Y e e &4
AHEH FRE aUE WRsS 2ge ol
Ao W S=7b v Bt

ok

e e

A4 123

ME AR EAd wet P 27 g
o o]&9 WE &&vt A3 gt RS /X
of M35 AT} kAR olEe &b 2d g
€ B-cyclodextrin 2} ¢t 74&3}3t 73 f-of= 7Y
W AR SR g WESEI BF AA
2ERoH, o] FAEC] A H|g A B
A}, o= Bcyclodextrine A1 54 &2 743}
ke o] Holuyr| i BE ARg 37
Z TR Jon, HEEEE A 2T
T AFE & F AU olEF A& B-cyclo-
dextrin 2} <ol XTHE 4 5d go] AF ot
Aol Ao, Y HEEAHNS 2= Aoz 4
W& 5 chShiga et al., 2001).

Avrami equation0f| 2|5t 2Y &ko| HiE £ BN

ARNH oz F/E aHE HX Afoe WE
£571 949 PEE H=A) 93, O RES
29T 25Col AT PR LA AWS 4R
T4 g BHgon), 60°Co] A i wE
FMo] zt HEWE A Ro)7} wrh Wk, B-
cyclodextrin 2} ol FA4 2d &g W&s)st ¥

BZRE BE £ 4G EXE /XY 7
423} Fg 1, 224 % B 4 Si%Eo] Agsid
el W& AIZF #4424 (1)9) Avrami equation
S ZF MET Y FAE + At 25C9) 60°C
o] A3 HEEte B WE A7 AFL Int
of 3l In(-InRyE =28t 2] (2)0l o8t &
Aty WEEEAFEKS BE WAYUE dFm)E
Table 19 YERiQILE A=A oz B wf 25°Ce) A
ek AlERT 60T A e A5 k3t ngtel
EE o 2 g H{n o)Re 3e 22X AR}
gt B-cyclodextrin®l ]3] F&3kE flavorrt O 4

Table 1. Values of release rate constant and n on release of volatile flavor compounds in flavor oil and complex powder

during storage

k(sh n(-)
Flavor volatile compounds
Flavor oil 25°C Powder  60°C Powder Flavor oil 25°C Powder  60°C Powder
a-Pinene(0.96%) 9928 x 107 04022x 107  1.340x 10 1.050 0.525 1.105
B-Myrcene(0.97%) 3.068x 102 0.8784x 10°  0.879 x 10? 1.404 0.563 0.743
d-Limonene(0.91%) 1.793%x 10* 1.314 x 10°? 1.376x 107 1.439 0.7731 1.076
¥-Terpinene(0.98%) 1.944x 10% 07784 x 10®  0.974 x 107 1.519 0.579 0.779
Linalool(0.82%) 1.024x 107 0.1653x 10°  0.989 x 107 0.624 0.423 0.901
Total flavor(0.95%) 1.834x 10 1.212x 10? 1.278 x 102 1.371 0.732 1.005

*R-square
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g 9 ot gAl WEHR ¥S vt 2
& 2% YoM {2 7Y & sk AE A
BHZ k39 @S ¥ng 3e 25°CoAE d-
limonene, B-myrcene, Y-terpinene, ot-pinene, linalool ]
A2 WHEo] dojytow d-limonened Al2|3t3
£t EF 054%) 7 n e V= AeR Ho}
o] A = it Ag o] dojurz A
WEo] dojuir] 2E& ¢ 4 UrkShiga er al,
2001). 60°Co A& d-limonene, « -pinene, linalool,
Y-terpinene, B-myrcene® TAZ wWEEHW, B-
myrcene} y-terpinene®] ¥]w3 2L n S 7HA
71 AT PR 19 7k @ 7EA 1A w
&0l dojupER 25°ColMKETE R WEo] &3
dojdoiar & 4 Uk ¥, 25°Col|A 60°CE
A% 2x7t ozl wel W& £%71 o-pinene,
B-myrcene, d-limonene, Y-terpinene, linalool =A1TH
2 33, 10, 10, 13, 60ui¥ Zzt S7be HAAE B
o A 257 WE &rd £ 488 = AL 9
u| &}, linalool, o-pinene, Y-terpinene, d-limonene, B-
myrcene?| O E 57} F715H) we} WhEo] 2
dojdrta & & Utk

I BR%E 859 Bcyclodextrindl] &3 &

3 A9 U 5 2H AEE dopas] Ha

25°Ce) IR k3t ngks Tt Wlazs) Eitt
25°Cel A& R A Bl we 2xd
A A7) HEe] HESErF SukEte] Aviami
equation®] &% &AM viwd 2 wWEra &
F Ath Table 1914 B R 72o] Bcyclodextrin
o oz FHE YEIAAS A FHF FHH
AME 158 A= &&= =H{R8AT, AE A
ol et e 2t g2 2EHUSES I
4 3t} o-pinene, B-myrcene, d-limonene, -terpinene,
linalool®] EAWHE 247, 35, 14, 25, 628 g 7}
7t WEEET $e FAAE HYon, HESER
A9 HX+E o-pinene > linalool > B-myrcene >
Y-terpinene > d-limonene <=°]At.

tsstE 7R 2 22l oY olF
Bcyclodextrin #2} ¢tol] &3t flavor E2-&
o] 743k 7} monoterpenes®] ¥} gHilkoll
3l B-cyclodextrin®] ¥ B3 WEHch T3 2
Tob Abdhe] Zge 7)o Yestd 3 E
s ZaAlE, fuAe] QS FEske vt
ol Ful 28L& it oS TRF dae A

fr

shhga grahg-g 2Esh Bl Ao e
¢] REgol thet TZAdol ZA &3 THBertolini er
al., 2001).

Fig. 32 25°CF 60°CollA A7det 3hf-¢F st
| PEs 747 368 B AR F, HFAHoR
dolle ¥ HAAEE 4% AF4E e
ot Hestd £go] a2 WXE FHEo Fo
Hi"o| Y Hojdg T + AU 53,
B-myrcene¥} a-pinene 60°CollA FF-E 2= w
APE A 22 A% 2395 2795H GC B4
Al FPEO] HEHA HA st ol FE T+
Ak ol Bedel vwE W) wie) 7+
wA 7] Fo2 FEo] HEHUM HEL A
oz #Hadart 25°CAA BAg FFE vREEA|
2 B-myrcene’} o-pineneo| 7H HE FRHFE )
Fom B-myrcene A% 36UFE = GC #44|
AZHA AUt vl e 2xo)r] ufFo] ¥
E &2t o =g B, Y ke e 2x
A Heste T vsle Wy W] YA
o, Pestd £29 Aee ST A A
H monoterpenes=THo A4 BT H& H{ESHS B
AFATh

25°C% 60°Coll A3 Jy&std £2 ZF A
Ao vlxd PR AAHE HAFI 3
A9, B3], o-pinene’ d-limonene®] ¥lE E&
FAEE 2o Fch 25°C AR A HesiE
Bro] AL d-limonened] Y HEAH T} 71
=ohout, the HEET HRA] & Aol HolA|
2ottt 53], a-pinenest B-myrcene®] 7-$-olle ¥
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Fig. 3. Retention in each components of citron model
flavor stored during 36 days at constant temperature,



B-Cyclodextrinll F4&sle 44 B 3] =4 W& 84 2 A 125

& 202 FAYS 45 25C 60°C BF F7
Fo2 o] WE &£x2 W=, molecular
encapsulations® F3] B-cyclodextrindlt ¥ #X3
< W & 7 e, #EE5xs FA AH9¥
< ¢ 4 JAoh. d-limonenes} y-terpinene®] 7%
= 23 & oM T Fitol A & ¢ F
AN, °|E 9A] molecular encapsulationg F 3
Hfgo] FHUSE ¢ 4 Aok Linalook 60°C
AME 52 BRES fASE 2o=2 Hol vn
2] monoterpenedl| B3t Fezol 7] W&l H|
23 5L 2EAAME FV] FLE FiHe &%
7h ¥iA g8 31 & YUY

ol9} o] o} Y& ofF| we} monoterpenes
o] g EfYo= Qldld f2 Bd & FA8t
= H&o| 7] v&g U2 fAER e ¢
T AT ol o & W ohgt AdRH|e W
371 dojxt7] gEQ Aoz dddn AAg
& 37 T U2 BT AL Fo| Wy
A dofen, 3] H2F F2 LE(60°C)0lA
= 2719 ¥g3d A @3E Fg 4004
g 4 9t} ¥bAC molecular encapsulations %)
&3 FHe 25909 60°C BTN %714 H)
&3 A Y24 g AR vES F A8
S ¢ F AN

3 363 FF e Aesid £EE A
HA A 243 GCY chromatograme A HH,
60°CNA A7g /9] peak’t SEHFE & F AU
Atk Fig. 7914 8R1& = Axol AFY Al7to] &
Soll wWe} peake] 47t Z71Hch A Wobdoh A
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Fig. 4. Component ratios of citron model flavor stored
during 36 days at different storage conditions of 25°C
and 60°C.

Z 149AFE st dojubr] Alsien, 23
AR FE = 27)0d Fo|RW {7t =HMoZ
Hal 7lepekr] Al#beld-g Bok ol HEE ¥
ol AA7|7be] AATFE Ko MFE F
A - w3l > e oz YA 2Pt
A% 31GAREE s UF gol J3Ee 7]
=9 d=rt 71 N8R} Erbsst] 60°C
Al AGe e AFe st HALEL F
s3arh. el AEEE S5 st A
FEAE 93 AFAHEE 72 2 &9 8295
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Fig. 5. Decomposition of limonene hydroperoxide to
carvone (Anandaraman and Reineccius, 1986).
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Fig. 6. Decomposition of limonene hydroperoxide to
limonene-1,2-epoxide (Anandaraman and Reineccius,
1986).
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Fig. 7. Chromatographic profile of citron model flavor at zero time and after being stored 31 days at 60°C.
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Fig. 8. Chromatographic profile of citron model flavor encapsulated with B-cyclodextrin at zero time and after being

stored 36 days at 60°C.
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Fig. 9. Chromatographic profile of citron model flavor at zero time and after being stored 36 days at 25°C.
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Fig. 10. Chromatographic profile of citron model flavor encapsulated with B-cyclodextrin at zero time and after being

stored 36 days at 25°C.,

A Aol Yl & 7 AU} ol#E olfF= U A
2 1UJ7IA T A= 42 B3 Y =8 F
A8 BUTE Table 2014 & + e R 2ol
limonene-1,2-epoxide$} carvone> Tf 1g T oF
1.12 mg/day ¥ 0.33 mg/day® z+zt 3=, 44
® A limonene oxidew= F 1.45 mg/day® AAH

O 4% 5 Aok w2y 2o LA 3]
Fol BRE I WAH Aol B We

e At WBRE & F ARk VIR 250
o MAe wHol 2508k 6ol 2 AAE A

Table 2. Linear fit equation for limonene oxide concentra-
tion as a function of storage time in flavor oil stored at
60°C

Compounds Linear fit equation

y = *1.1181x - 19.8093(0.9985%)
y = *0.3319x - 5.8694(0.9936%)
y = *1.4450x - 25.6788(0.9981%)

“Formation rate (mg/g flavor oil/day)
“R-square

Limonene-1,2-epoxide
Carvone
Total limonene oxide
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