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Concentration Changes of Volatile Compounds in
Pressurized Satsuma Mandarin Juice during Storage

Hidenobu Sumitani, Sachiko Suekane,
Aya Nakatani and Kiyoaki Tatsuka

To examine the influence of high pressure treatment (pasteurization) on the flavor
quality of Satsuma mandarin juice, the fresh juice in plastic bottles was treated at 400
MPa for 10 min. The bottles with pressurized juice were placed in the storage at 0,
25 anb 40T for various periods within 8 weeks, and submitted to GC-MS analysis
following to the volatile sample preparations. The heat-pasteurized bottled juice stored
at 40 T for various periods was used as a control. Two methods, simultaneous steam
distillation-extraction method (SDE) and dynamic headspace sampling method (DHS),
were applied to the sample preparation for the GC-~-MS analysis.

The volatiles obtained by SDE were separated into two fractions of hydrocarbon and
oxygenated compound by silicagel column chromatography. The volatiles of the two
fractions were analyzed by the capillary GC-MS method. On the other hand, the
headspace volatiles absorbed on Tenax TA by the DHS were introduced to the
GC-MS capillary column by the heat desorption method and analvyzed.

Hexanal and p-cymene extremely increased in pressurized juices immediately after
pressuring in comparison with that of the heat pasteurized juice. Hexanal is a volatile
produced by enzyme-induced oxidation of unsaturated fatty acids, and may contribute
to green note or fresh scent of the pressurized juice. But, p-cymene is a compound
with unfavourable odor. No significant differences in other volatiles were observed
between the pressurized juice and the heat pasteurized one.

Key Words : volatile compounds. Satsuma mandarin juice, high pressure treatment,
simultaneous steam distillation-extraction, dynamic headspace sampling,
capillary GC-MS

BHI»vREARTEG TR, BHEHELTLBELER, BXRTEZOFIANRIHESL
TVAEREDO—DTHS. Lrl, RHESETIEFOMBC L YEROLSIE S, BMHI Y
BHES-AFAAFFr=ovAILT7r=vs (MMS) SEBHXEL, MBAK L - TMMS DS
BEFMTHESAFAAALT 1 K (DMS) CEARENRERT B0, MAZELES B
OEBCRTFEERE LG h@ by, TOSKEABIIMBASEH IV O CREADMEBE
LE2A. HBEREHOBERFEA&H L >VWTRECHEENTSE H, 100HEOMETIZ,



92

200~400 MPa BEOME THEMNALREMNTES Y, B I » voBREERSCREITHE
MBOFEBCOVT, BETORDED B A, FlREIRBI OV
APFEIBEARLGBRMN I # Y RHEOERERIC S22 HELRA<I LB LLE. #
HE®RORH % 7 » EEIEBL A b AV ICTEIEHEEAR (400MPa, 1057) Likdboe, HEOT
HMBFELELO»—ELETRREL, —EHMECoImcttLi. EkEFmL (SDE)
B L DERMERSZHEL, Y UISANT LI T T 7LD RILKERS & SRR
S oERESR HRr7az 757 -HESWE (GC-MS) THW$5&#E, #4531y
s~y FAR—2Z (DHS) HiIL L - THREERS ZHEE GC-MS ST L, RERBHERTOR
BRI 2 BT,

R HF E
1. ERHEHRURES
1) BARMIpvIAFTHITHTHALL.
2) vra~Fy/—n, PUFhv (Cn) RUEEHEREN
FIEMIBETE. Fik.
3) GC-MS FERgEAE
FESME TR, BRI THE®, RV Aldrich Chemical Co. Ltd.
4) AKX
IAKFALy b UHQ B ARLERE.
5) BRHA
ERXE{L®, ZERO-U (99.999%).
6) BREMESHEARER
Enka nv Arnhem (A 5 ¥ %), Tenax TA (60~804 v ¥ 2).
7) FEEHE
2=R—5 8 T o BEEEELE v (BMH : Tetrafluoroethylene- perfluoroalkylvinylether
JLEESHR)
MEFEIRA ¢ 146 mL.
8) ¥VAarn
Merck & Co., Inc., Kiesel Gel 60 (70-230 # v > =2).

2. REOFB L REFRH
1) BEABEOHEEBELERYE
(1) BEREOR
BMIAVEBETL, 204y v aDH3 W TAABFTTV, 7 v RBERE P Vv CHEFRRER
L, BEAEEE MFP-7000 (ZFETEWE) Y » AV TEHELE L.
(2) REABLH
EEABBOBREHRTL20CE L, KRTCEMLLEALRBEOA -7 v KEEBERA P AEA
N, 15 TLHOOMPa#ET S L5 CNERIOSGHEOEETHD, TOBRKECTS. 20D
BlonBEROREIIMAFERBCESBE LHIZ L D20CH 5#2.25T28T L, TOHYH
8.8 CR2TC¥ CT# 5.
(3) RELGLARERS OERE(LONE
BEREHT0, 25, 0CRBHFELL.
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ABOBEZEM I 5 VT EE EBEABET STV, XFOBROBRBNELEKRD B,
0 CRFARNE, 238, 438, 88k, 25RU40CHEREARE, 18, 28 48 68 8.8
KERERGH 21T - .

2)  mEGAEOR
(1) mEEFEROFBY

B~OTRERE LIcH M v ARFZaf v RIZEVERAT Y L ARASLY (HE2m, &
E10m) #Ah, FOAL T ERBRo -5 —R VY72 AT AV EHSES100mL OF
E (1 THRRBRAER208) THERL, 7 o BEERAE r A e mBFE L, #ERBCk S
BRI Ya—Fr o Lic. TORE MBI LTC29MBEBT S Z ¢l - TERL YR
B, K rrziikdTcai L.

2) REFAHGLERERSTOBRKE{LOBE

B ZOTREL, HERERERT OEREZNBLOLERRIE L.

AEOFFEEMBAFLFAE T SRT, £OBROBRNELESTH DS, 18, 28, 48 6
B, SHEIFhFhFHET-1.

3. BRURSOHE, GC-MS (CLBRTERVER

1) SDEERUYVAIFAL AT LIOT NI T5T 1 —K X BERERS O
(1) SDEZK & AR Dk

#3145 g DFAKL (7 v FHIER A b 1 E5) 2EFL, MBAERG LT0mLO o2 oo 2
2vERAVGTIEMESKI R T- . MERCARERSK (M TavevZo~dy ) —
NEELGT IR L E VER £ leg/pl) 100D ZHEME, SEKWHEF LY 432305
MiRESBKL, FyFri—F=o v BEBERLHAVTHO.5mL ¥ TEE L.
(@ VA FND T L L B5HEE GC-MS ~DHEA

120~130C T4 BEREERAE Lcs U 5% a5 4 (HE1em, BE15em) WHEHR LY. 20
#1174 SDE@Bfatefir e — N L, RIEKERGTZRY 2 /100mL THEHL, kit —F
n100mL T > CTEEEAUTEBELL. 252 LHEMLTEWIAIBERYETHS MY
FHAVYRU Y a~xy /) — 2 IHESCE2CHETS. £ES 21000l F THREL,
2uL % GC-MS i HEA L.

2) DHSZEC & 2ERUEKS QS
(1) DHS - L 2RSS DR

5+2CHEREBCE VT, W15 DFF (7 EBIFERE A1 KD) 2EBFL, HE4.5
cm, RBEEA200mML D~y FAR—ZAFTAFREVECANT/ZF o 2242 —5—THH LY
b, THiPERD Tenax TAE (KRB 5mn, & X90mm, Tenax TA 0.5gFR) #@-1-
BEIAE, F70VF2—TTThoTAy FAR—REVOREFITCHATS. oo cidlR
MRS HEAD Tenax TA® (ARELECAL) 28 L, #50200mL DFET, TAZE
XEIVEETOLEETAEF THEAEHT . FHEM Tenax TARFKKIZIS50 LHFEAOL L
A7 YV IRACTATERE (Y 2a~x% /) —ADA X/ —VERK: lpg/pl) %
10l EALTEW-.
(2) HEES D GC-MS ~DEA

AR 2BREEI R Tenax TAFTL DA S ) —NERGERET IS, BHRCLEE
MEZER>E750 mL O5#E T304 I Lic#, Tenax TAF A GC-MS [#&F L mEAH{ A
KBTERL, FEIEETNV L BRINILZEZERE, GC-MS DX & — AR
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MEBFORES 1 FEIT200CKARLEFRT* GCItEA L.

3) GC-MSk X3RERUVER

GC-MSMESH%, Table 1 KR LL. HRBERSOREER, HEBTEEYHEZHAV-TH
BOMELRA—RETEH LT — 2= (FFAXR—FF—FR—R) EDTRART b2
R U Kovats DREFEESY O—RTh > TUT-7:. T, T7IAR= b F=2XR=2CKELHD
i, 7475 9% —F < x5 4 NBSRBASE (BERER, 53,994{b44) AV LRERV
The Wiley/NBS Registry of Mass Spectral Data (#112.300{t&24) " v X - T{b&4x HE
EL, BEYPYHLD=AZARY PV RU Kovats DRFHERES BTtk -THRELL.
BERMRS ORI, ERFORFECETHIENELIHNTHADT, AMELERT S
MEEERY GHIEREE 1 & LT, AF00g Bich D pugBEE LTRDI.

Table 1. Apparatus and conditions for analysis of volatiles from
Satsuma mandarin juice by GC-MS.

GC-MS GC-MS5-QP1000 (Shimadzu)
Data processor GC-MS-PAC2005 (Shimadzu)
Flush sampler FLS-3 (Shimadzu)
Silica capillary column DB- WAX (J&W Scientific, 60m %0.25mm i.d.)
Carrier gas He (Linear velocity 29 cm/sec)
Split ratio 20:1
Injector temp. 260 C
Ion source temp. 250 T
Column oven temp. 40 € (5 min)
! 3C/min

200 T
Ionization voltage (EI} 70eV
Scan mass range m/z 20-300
Scan interval 2 sec

BERBUER

W SDE G REFCBEQHRER ST VEAEHEM LY, ¥, T—F 1777 b4
BTl LT ARETN TV IERERTHEIDHELALVBELDE. TOAREE
LT, £FBCRE—REK 2V T SDE% L DHSEOEAETOMERT-12. ThbdE
EARRUMBAELILEMN I H v REHOHEERAL NS, SDEER L SRS ZHEL,
YUYRSRATAIZET T IRIDRILKEKS (SDE/Rv 2 v 5) EEBEERS
(SDE/=—F /WK G) wydt, ThZhBELACRS % GC-MS ¢4 L, ¥ 5l DHS
Bl THELAESZBREC LY GC-MS AL L. RE4LBEOEERRD
SDE/=v # v, SDE/2—F VEOGRUDHSEIL L5~y FAR—RBREKFOLA + ¥
yoz bS5 LEFNFENFig. 1, Fig. 2RV Fig. 3icmt. BOohilRERIDISOER
F—A%Table 2ILF&H DL ELE, BLEELBRERMFCRFOEHY 75 7L TEL
7z (Fig. 4~ Fig. 9). # ¥, 0T 8EBRFLLEERHD SDE/RY ¥ vRGOF— 2L,
ABHIATRELTV 5.
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Fig. 1 Total ion chromatograms of SDE volatiles {pentane fraction) from pressurized
Satsuma mandarin juice stored at 25C for 4 weeks.
Peaks:(1) a-Pinene (2) 8-Pinene (3) Myrcene (4) Limonene (5) y-Terpinene (6) p-
Cymene (7) Terpinolene (8) a-Farnesene (IS, internal standard) Tridecane
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Fig. 2 Total ion chromatograms of SDE volatiles (ether fraction) from pressurized
Satsuma mandarin juice stored at 25T for 4 weeks.
Peaks:(1) Ethyl acetate (2) 2-Butanone (3) Hexanal (4) (E)-2-Hexenal (5) 3-Hydroxy-
2-butanone (6} Furfural (7} Linalool (8) Terpinen-4-ol (9) a-Terpineol 0
Dodecanol (IS, internal standard) Cyclohexanol
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Fig. 3 Total ion chromatograms of headspace volatiles from pressurized Satsuma
mandarin juice stored at 25T for 4 weeks.

Peaks:(1) Hexanal (2) Myrcene (3) Limonene (4) r-Terpinene (5) p-Cymene (6)

Terpinolene (7) Linalool (8) a-Farnesene (IS, internal standard) Cyclohexanol




Table 2. Concentrations of volatile compounds in Satuma mandarin
juice during storage at 0, 25 and 40 T for 8 weeks, respectively.

Concentration (ug%)

Volatile Isolation Storage

Pressurized®? Heated??
Compounds method Weeks 0T 25 20T 20T
Fresh¢’ 11.25 11.25 11.25 11.25
o 10.62 10.62 10.62 10.16
1 — 6.44 9.36 7.12
SDE/Pentane®’ 2 11.58 10.05 6.79 5.01
a-pinene 4 6.75 9.39 3.68 1.77
6 — 9.04 3.14 2.49
8 11.51 10.56 NM*? 1.50
Headspace '’ Peak overlapped with 2-butanol and
2-methyl-3-buten-2-ol
Fresh 5.46 5.46 5.46 5.46
0 3.78 3.78 3.78 3.77
1 — 1.52 0.60 0.68
SDE/Pentane 2 4.04 3.04 ND? 0.31
4 1.54 2.93 ND 0.12
6 — 2.62 ND ND
8 3.96 1.37 ND ND
B-pinene = o e M e e e e e mmemmmm—mm——m o
Fresh 0.05 0.05 0.05 0.05
0 0.05 0.05 0.05 ND
1 - 0.02 0.04 ND
Headspace 2 0.01 0.04 ND ND
4 0.03 0.02 ND ND
6 - 0.02 ND ND
8 0.02 0.01 ND ND
Fresh 27.09 27.09 27.09 27.09
0 14.37 14.37 14.37 23.64
1 — 7.14 14.87 15.71
SDE/Pentane 2 16.54 15.80 12.70 12.83
myrcene 4 13.46 13.60 9.94 6.06
6 — 13.98 12.17 10.71
8 13.93 14.18 NM 7.40
Headspace Peak overlapped with butanol
Fresh 1040.95 1040.95 1040.95 1040.95
0 833.74 833.74 833.74 981.96
1 — 552.31 1119.06 687.53
SDE/Pentane 2 34.39 638.80 547.86 436.18
4 77.69 792.64 573.45 411.72
6 — 1026.90 776.90 646.54
8 25.54 1133.20 NM 524.75
limonene @ 3  —----- e e e s e memesmmmmmmmmmm—mmm—m—— o
Fresh 247.30 247.30 247.30 247.30
183.86 183.86 183.86 206.68
— 128.62 123.28 168.63
Headspace 2 61.59 182.25 133.33 128.57
4 57.80 126.76 95.38 113.81
6 - 114.92 124.04 116.98
8 59.16 142.54 79.79 94.95
Fresh 76.14 76.14 76.14 76.14
0 29.61 29.61 29.61 68.84
- 21.00 33.56 49.09
SDE/Pentane 2 34.59 35.52 28.02 37.28
4 28.22 34.14 17.89 16.75
6 — 31.65 19.36 22.19
. 8 29.28 27.55 NM 14.44
7-terpiNene - e-ccc e c e e e e e e mmmmmmmm e e e mmmm e mm—— e — =~ —
Fresh 25.72 25.72 25.72 25.72
12.72 12.72 12.72 22.52
1 - 7.46 7.12 19.30
Headspace 2 8.58 8.46 6.78 13.18
4 11.11 8.01 3.54 10.92
6 - 7.55 2.33 5.48
8 10.46 10.56 2.31 4.55
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Concentration (#g%)

Volatile Isolati -
Compounds ;gt;t:;n fvt:;;fe Pressurized Heated
0T 25T 40T 40T
Fresh 4.84 4.84 4.84 4.84
0 48.05 48.05 48.05 4.47
1 - 29.35 35.51 5.52
SDE/Pentane 2 38.62 33.03 29.60 6.72
4 36.29 40.21 30.76 8.47
6 — 37.67 37.59 28.28
8 44 .38 47.17 25.00
b-cymene = c-ctomcssmsmmes e o oo oo oo -o-----o-o
Fresh 2.82 2.82 2.82 2.82
0 16.86 16.86 16.86 2.15
1 — 11.25 10.48 3.38
Headspace 2 13.76 14.60 11.97 2.96
4 14.90 10.58 10.21 8.11
6 - 9.28 12.33 8.92
8 14.74 13.20 10.06 8.93
Fresh 4.01 4.01 4.01 4.01
0 2.87 2.87 2.87 3.93
1 - 2.13 3.18 3.34
SDE/Pentane 2 2.70 3.05 3.67 3.21
4 3.67 2.59 2.72 1.77
6 — 2.56 3.01 2.82
8 2.43 2.94 NM 2.52
terpinolene = c- - -c- e o e e e e a oo
Fresh 1.38 1.38 1.38 1.38
0 1.09 1.09 1.09 1.49
1 - 0.39 0.69 1.58
Headspace 2 0.45 0.44 0.65 1.17
4 0.77 0.50 0.63 1.19
6 — 0.53 0.45 0.73
8 0.38 0.73 0.66 0.83
Fresh 22.91 22.91 22.91 22.91
0 15.36 15.36 15.36 23.11
1 - 12.03 11.72 19.97
SDE/Pentane 2 14.67 17.30 16.51 18.31
4 10.82 16.60 9.68 13.44
6 - 17.83 7.80 8.05
8 15.91 12.55 NM 5.83
a-farnesene = e - - e e e e m e e mem - -
Fresh 0.52 0.52 0.52 0.52
0 0.56 0.56 0.56 0.46
1 — 0.23 0.27 0.39
Headspace 2 0.31 0.17 0.18 0.26
4 0.34 0.17 0.22 0.24
6 - 0.21 0.07 0.08
8 0.39 0.28 0.09 <0.01
Fresh 15.37 15.37 15.37 15.37
0 20.00 20.00 20.00 17.78
1 - 16.95 16.62 18.82
SDE/Ether™ 2 16.68 10.76 16.52 22.12
ethyl acetate 4 23.13 22.90 30.14 26.51
6 — 26.62 17.19 23.61
8 32.35 4.54 24.72 18.69
Headspace Peak overlapped with 2-butanone
Fresh 45.04 45.04 45.04 45.04
0 43.30 43.30 43.30 40.67
1 — 52.57 32.32 61.00
SDE/Ether 2 29.60 29.80 34.86 38.84
2-butanone 4 37.80 36.78 34.19 32.50
6 - 28.65 46.28 36.42
8 53.94 39.15 36.06 39.17
Headspace Peak overlapped with ethyl acetate




Table 2. (Continued)

Concentration (#g%)

Volatile i
Compounds 221;23“ ?ﬁ;:;lﬁe Pressurized Heated
0T 25T 40T 40T
Fresh 30.16 30.16 30.16 30.16
0 26.74 26.74 26.74 22.62
1 - 45.00 27.79 40.18
SDE/Ether 2 21.70 17.61 21.58 22.17
4 19.82 15.86 18.57 21.81
6 - 11.89 20.46 15.10
8 21.38 14.62 15.39 14.48
ethanol @  —-- - - - st e m e e e e —e - escm-o oo o——w— -
Fresh 0.12 0.12 0.12 0.12
0 0.06 0.06 0.06 0.05
1 — 0.04 0.08 0.03
Headspace 2 0.03 0.02 0.03 0.06
4 0.09 0.05 0.06 0.07
6 - 0.07 0.11 0.07
8 0.13 0.06 0.11 0.08
Fresh 13.94 13.94 13.84 13.94
17.21 17.21 17.21 14.14
1 - 12.76 11.82 15.17
SDE/Ether 2 8.30 11.42 18.60 19.54
2-butanol 4 13.70 7.24 3.58 8.42
6 — 15.17 11.05 11.23
8 23.10 18.28 11.82 19.68
Headspace Peak overlapped with a-pinene
Fresh 2.98 2.98 2.98 2.98
0 3.71 3.71 3.71 4.17
1 — 4.33 4.20 4.99
2-methyl-3- SDE/Ether 2 3.59 3.88 3.50 9.94
4 2.54 8.58 7.16 8.73
buten-2-ol 6 - 6.39 7.71 9.00
8 11.30 4.22 2.38 8.40
Headspace Peak overlapped with e-pinene
Fresh 2.72 2.72 2.72 2.72
0 38.15 38.15 38.15 2.06
1 — 32.11 27.66 2.24
SDE/Ether 2 32.93 30.10 22.54 2.70
4 31.40 23.75 17.18 2.62
6 — 21.60 11.15 3.99
8 30.22 24.07 16.03 5.71
hexanal @ = - ccmccm et e e e e e e mts e mmm——m -
Fresh 0.46 0.46 0.46 0.46
4.30 4.30 4.30 0.25
1 — 3.22 5.97 0.25
Headspace 2 4.30 2.68 4.08 0.33
4 4.35 3.13 4.21 0.74
6 - 2.84 3.00 0.64
8 5.38 4.51 5.03 1.24
Fresh 16.97 16.97 16.97 16.97
0 19.29 19.29 19.29 16.17
- 19.26 17.33 16.62
SDE/Ether 2 17.52 18.72 20.45 20.85
4 17.81 12.65 12.02 15.50
6 - 18.45 15.42 14.43
8 24.65 21.20 13.79 21.32
2-methylpropanol - -------=-+= == --c---c e em e oo —oo—o o - oo
Fresh 0.10 0.10 0.10 0.10
0.04 0.04 0.04 0.08
1 - 0.04 0.09 0.07
Headspace 2 0.04 0.02 0.06 0.08
4 0.06 0.02 0.10 0.11
6 - 0.04 0.08 0.06
8 0.07 0.07 0.14 0.12
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Table 2. (Continued)
H [1)
Volatile Isolation Storage Concer}tratlon (red)
Compounds method Weeks Pressurized Heated
0T 25T 40T 40T
Fresh 9.50 9.50 9.50 9.50
0 11.71 11.71 11.71 10.11
1 - 12.59 7.76 7.30
SDE/Ether 2 8.70 7.32 10.60 10.81
butanol 4 6.37 3.98 3.75 4.59
6 — 8.05 9.34 11.12
8 9.16 10.82 5.76 15.68
Headspace Peak overlapped with myrcene
Fresh 12.37 12.37 12.37 12.37
0 13.89 13.89 13.89 11.41
1 — 13.76 13.25 11.09
SDE/Ether 2 15.27 14.28 12.21 11.25
3-methylbutanol 4 13.56 10.97 9.90 7.74
6 — 10.81 10.02 10,41
8 12.46 11.72 9.93 11.70
Headspace Peak overlapped with limonene
Fresh 2.60 2.60 2.60 2.60
0 3.98 3.98 3.98 1.08
1 — 4.24 2.68 1.15
SDE/Ether 2 4.34 4.22 1.96 0.94
(E)-2-hexenal 4 4.40 3.29 0.93 0.55
6 - 3.00 0.80 0.68
8 4.06 2.72 0.64 0.52
Headspace Peak overlapped with limonene
Fresh 48.67 48.67 48.67 48.67
0 46.48 46.48 46.48 67.41
1 - 53.04 40.16 51.52
3-hydroxy- SDE/Ether 2 30.92 39.15 38.57 50.09
4 42.49 49.64 45.74 51.12
2-butanone 6 - 39.77 49.36 46.11
8 59.00 33.41 33.54 34.31
Headspace ND in all samples.
Fresh 30.33 30.33 30.33 30.33
0 49.00 49.00 49.00 43.17
1 - 45.95 56.02 53.18
SDE/Ether 2 28.94 49.11 60.49 61.72
4 13.43 43,96 76.50 66.95
6 - 29.63 89.07 90.11
8 13.03 43.14 95.77 89.06
furfural - - - - eemmmm e s me s s e e -
Fresh ND ND ND ND
0 ND ND ND <0.01
1 — ND 0.06 0.07
Headspace 2 ND <0.01 0.12 0.12
4 ND ND 0.27 0.27
6 - <0.01 0.35 0.28
8 ND ND 0.67 0.50
Fresh 7.80 7.80 7.80 7.80
0 10.18 10.18 10.18 7.75
1 — 12.50 8.17 7.12
SDE/Ether 2 10.05 9.61 11.97 11.92
2-ethylhexanol 4 8.50 7.44 7.63 8.29
6 — 11.90 11.51 9.93
8 10.55 9.47 10.96 12.85

Headspace

ND in all samples.
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Table 2. (Continued)

Concentration (zg%)

P 0C 25C 40T 40T
Fresh 18.11 18.11 18.11 18.11
0 19.39 19.39 19.39 14.50
1 - 18.62 13.41 9.29
SDE/Ether 2 20.10 19.72 9.35 8.23
4 16.03 17.09 4.29 3.12
6 — 21.51 2.74 1.92
8 17.33 12.22 1.53 0.77
linalool @ “-c--m s e e e e e m e r e e e oo — o ——— - -
Fresh 0.66 0.66 0.66 0.66
0 0.58 0.58 0.58 0.68
1 - 0.58 0.61 0.46
Headspace 2 0.84 0.49 0.32 0.27
4 0.80 0.44 0.17 <0.01
6 — 0.48 0.08 0.06
8 0.91 0.71 0.06 <0.01
Fresh 4.62 4.62 4.62 4.62
0 6.21 6.21 6.21 4.89
1 — 8.36 10.29 5.77
SDE/Ether 2 8.35 9.77 11.22 8.77
4 8.51 8.88 12.58 9.10
6 - 11.90 17.82 12.88
8 7.87 9.87 20.39 17.44
terpinen-4-0l @ ----------—-"-"“-“—“—“—““—“— - — e e e eme e mmm oo oo
Fresh 0.11 0.11 0.11 0.11
0.06 0.06 0.06 0.08
1 - 0.08 0.15 0.11
Headspace 2 0.11 0.07 0.12 0.10
4 0.11 0.08 0.13 0.12
6 - 0.09 0.09 0.07
8 0.14 0.11 0.14 0.08
Fresh 9.53 9.53 9.53 9.53
0 30.69 30.69 30.69 15.98
1 - 27.67 65.52 38.18
SDE/Ether 2 25.69 35.75 80.14 64.56
4 66.28 26.24 102.08 69.17
6 — 34.76 126.32 84.80
8 24.16 43.38 132.43 93.86
a-terpinolene - - - - - - - - s - - oo s m oo e e e e s m e mmmm -
Fresh 0.02 0.02 0.02 0.02
0.01 0.01 0.01 0.07
— 0.03 0.26 0.23
Headspace 2 0.03 0.03 0.34 0.30
4 0.04 0.04 0.58 0.60
6 — 0.05 6.53 0.38
8 0.05 0.07 0.79 0.50
Fresh 5.27 5.27 5.27 5.27
0 7.29 7.29 7.29 4,97
1 — 8.24 5.84 5.15
SDE/Ether 2 7.89 7.35 8.61 10.46
dodecanol 4 5.65 4.06 4.89 6.43
6 — g.89 8.73 6.47
8 6.50 7.02 8.02 9.36
Headspace ND in all samples.

Samples were pressurized at 400MPa for 10min, and were stored.
Samples were heated at 100T for 30 min, and were stored.
Fresh, immediately before pressurizing.

Immediately after pressurizing.

NM, not measured by experimental mistakes.

ND, not detected.

Column chromatograph (silicagel : pentane) followed by SDE.
Column chromatograph (silicagel : ether) followed by SDE.
Dynamic headspace sampling method.

- TR = A &N oo
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1. RIEKFERS
HEZHFOTARYRRIEKZETIV =X VYHEHENCEL, REHBVBEFRr-FAE R Y
EINELYTHD. ZhLORGOERTLOREI, BEASCRABEHRCELL, RER
BBl ToEOMEIT 5, AR CTRABEGR BT HE A R, ~y
FRR—-ZH9cEWTLEEOEBmEZRLTWS. p-Y 2 VIIERHTRVETHIY, &
EABERICZBCHEML, TO%EE Ko (Fig. 4). ZOFLIESDERTE~y K2
R—ZETLEHN 5. MBFRHIMBABIHETREAEELEL, BEDCELEML,
SHEEBEEREENABLILLDEEWEE LS. ZOBRBBETRNE~FHF—ALOBEEKD
BEEBDTHLL TS, Lrl, p-v 2 VRHEDTEE) FARYTIHVOERTIL E -
TRFThiVRSTH 5 51HETH 5.

2. SEEERS

BEINGEEEE THRCHEELEZEDBOLNLBREERFI~FHF—1TH%. SDEETY
Ny FAR-ABETCLRBOTENEROND (Fig. 5). AR TIIRETLL LTV AVO T,
EHERILONMEL TV AAEENREEIRS. BHLBI3FETALF L FCRERINZBOE
DNORABHE SV TIAPORTE,AD Y. T LEHEOFRRUCREDOHEHEHRENE IZD
VTl Buttery OFFMAZZEA D 552, HIBFHIZ SV TOBEEIEBD Th V. XEBEOP LT
2V /v YEBRUY S AR RE S F—-EDIERATEBESMEL, fiZELrbi~FEr—1
B, BEIFDEAFYF—ABERTIEZELZLATVSY, HBEETIIBMI IvROLTA~
FHF—ADERED S LR 2EBEOFERILSVTHARTV 3N, BEAR CEEAERLE L
5LV BELHDIDOTY, SADEFARBICIEZ~AFYF—nOENLFDE 5ot s b
Db Lhkv. SEORNBETHD. ~FHF— AL OREIT4.5ppb™ LIEL, BEIHV
RHOBRCEHEX (FV—v /=) 2525880 T, W< bLARFELTVWE224 LA
TV, ZOMMOMS TREFCEERBCERNESZ3ERED L ilch -1,

VFa—nid 0 CRUSTHRERBCEMEs b -, 0CHEEFERBTCIRREL R LI
(Fig. 6). FRAOTCHREFR a-F A E XA —AGEZTHMT 2ER bR (Fig. 7). a-
FTAEXF—NRIALRDOTHHHTH Y, FRELELTHALATVWAKRSTHS™. THLIL
HEOHhDTARY T A I—NDEBREN T VRV RRIEKE~OEMLEL R L 3 KOMKRIET
HEILELEBRELTVWEY., HoT, OCHRETHMT S a-7 L X+ — AV IZ4OCTRETELD

—8— Pressurized, then stored at 0 °C
«-a-- Pressurized, then stored at 25'C
- W~ Pressurized, then stored at 40°C
»~3- Heat-ireated, then stored at 40°C

SDE/Ether Headspace

60 0

50 3.

340 I 2 b

230 10

T by

S 2 .

gm g?

0 S

fresh 0 1 2 4 6 8 Fresh 0 1 2 4 6 8

Storage periods (weeks) Storage pericds (weeks)

Fig. 4 Concentration changes of p-cymene during storage.
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—e— FPressurized, then stored at 0 °C
--as+ Pressurized, then stored at 25°C
-m- Pressurized. then stored at d0°C
-=- Heat-treated, then stored at 40°C

SDE/Ether Headspace
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_ =
Sw S
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S
3 S
g% g4
et =
520 3
z z
Sl 52
gl g

=
3 8

0 0 T
Fresh 0 I 2 4 ) 8 Fresh O i 2 4 5 8
Storage periods {weeks) Storage periods (weeks)

Fig. 5 Concentration changes of hexanal during storage.

—e— Pressurized, then stored at 0°C
--a-- Pressurized, then stored at 25°C
- m- Pressurized, then stored at 40°C
- =- Heal~lreated, then stored at 400C

Headspace
X _1.o
3 N
°§ £0.8
Vzo S
5 §%¢
Sio £04
g 80.2
8 0 8 0 n
Fresh 0 I 2 4 6 8 Fresh 0 | 2 4 8 8

Storage periods (weeks) Storage periods (weeks)

Fig. 6 Concentration changes of linalool during storage.

—e— Pressurized, then stored at 0°C
-:A-- Pressurized, then stored at 25°C
- ®- Pressurized, then stored at 40C
- £- Heat-treated, then stored at 40°C

SDE/Ether Headspace
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Fresh 0 | 2 4 6 8 Fresh 0 | 2 4 6 8

Storage periods (weeks) Stor-age periods (weeks)

Fig. 7 Concentraiion changes of a-terpineol during storage.
Tha-xv (Fig. 8) RUB-v¥ 3 v (Fig.9) KM XERLI-TTiEMSY S 5.

3. BMI AU RHIHTIBELBOESR

BN vEHR2EFEAETAFSE LT, mMBAREDRV ), MAFERBCEES 51
TEDMS OAREMET Ao LN TEEZ L, BMI pvRAORERA L LTKELE
BYEDHEEILNS.
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—8— Pressurized, then stored at 0°C
--a-- Pressurized, then stored at 250C
- B - Pressurized, then stored at 40°C
- E - Heat-treated, then stored at 40C

SDE/Ether Headspace

12
S0} .
2 P )
et 8 A Peak overlapped with 2— butanol
<8 RN and 2— methyl— 3— buten—2-ol
E, R
g ISR,
22 hrR kR
8 0 -

Fresh O l 2 4 6 8

Storage periods (weeks)

Fig. 8 Concentration changes of a-pinene during storage.

—— Pressurized, then stored at 0 °C
--a== Pressurized, then stored at 25°C
- B~ Pressurized, then stored at 40°C
=&~ Heat-treated, then stored at 40°C

Headspace
b 00
g 0.5
=
~at ~0.04
=
g 20.03
~ [x]
S2 Z0.02
g g
g g o.01
S s
0 i 2 — z 0
Fresh O 1 2 4 3 8 Fresh
Storage periods (weeks) Storage periods (weeks)

Fig. 9 Concentration changes of B-pinene during storage.
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