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Effect of Double Paper Bagging on Incidence of Stain and Volatiles on ‘Hokuto’ Apples during Cold Storage
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Summary

The apple cv. Hokuto is very susceptible to a new skin-browning disorder called stain during
storage. To study the cause of ‘Hokuto’ stain, young fruits were individually covered with com-
mercial double paper bags from early June to late September. These shaded fruits were har-
vested in late October and stored at 0 °C for up to six months. Incidence of stain between
bagged and unbagged (control) fruits during storage at 0 °C was recorded and volatiles in their
skins were determined by gas chromatography-mass spectrometry and gas chromatography.

There was less stain in bagged fruit than in unbagged ones. The same 50 volatiles were identi-
fied in the skin of bagged and unbagged fruits during storage. Differences in content of volatile
compounds in the skin of bagged fruit were compared to those in unbagged fruit, noting the
compositions whose contents were smaller in the skin of bagged fruit than those in unbagged
ones. The difference in content of trans-2-hexenal was the greatest among the volatiles, followed
by 2-methyl-butan-1-ol, n-hexanal, n-propanol, trans-3-hexenol, n-hexyl propionate and n-amyl
acetate, in that order. No difference was found in (E, E)-qa-farnesene whose oxidation products
are believed to cause superficial scald.

Exposure of healthy ‘Hokuto’ apples to seven volatiles and farnesene (mixed isomers) at 20 °C
for 20 hours showed that both frans-2-hexenal and n-hexanal induced stain-like injury at the
lowest concentration, followed by n-amyl acetate, n-hexyl propionate and 2-methyl-butan-1-ol, in
that order. No symptoms of stain appeared on fruits exposed to n-propanol, ¢rans-3-hexenol and
farnesene.

Comparison in stain-like injury between Ce-aldehydes and its Cg-alcohols i.e. trans-2-hexenal
and trans-2-hexenol, n-hexanal and n-hexanol, revealed that the injury was greater in Ce-aldehy-
de than in its respective Cg-alcohol.

Application of linolenic and linoleic acids, respective precursors of trans-2-hexenal and n-hex-
anal, on ‘Hokuto’ apple skin at 0 °C for four days induced stain-like injury in both unsaturated
acids. The injury was greater in linolenic acid than in linoleic acid. However, the degree of the
injury decreased remarkably in nitrogen gas.

Results suggest that shading of the apples by double paper bags reduces concentration of trans-
2-hexenal characteristically and that the shading is related to metabolism of linolenic acid to
trans-2-hexenal, which were used in these experiments to induce stain-like injury to ‘Hokuto’
apples.
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Fig. 1. Difference in incidence of stain between bagged® and un-
bagged ‘Hokuto’ apple fruits during cold storage.
2 Young fruits were covered individually with double paper
bags for shading on June 10, °92. The bags were left until
late September. The outer bags were removed on Sept. 28
and the inner bags were removed on Oct. 2. The fruits were
harvested on Oct. 28, and stored at 0 °C.
Different letters represent significantly different values
(P=0.01) according to y test.
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Fig. 2. Difference in the stain score® between bagged and un-
bagged ‘Hokuto’ apple fruits in Fig. 1.
* incidence score: not detected, 0; very light, 1; light, 2;
medium, 3; severe, 4; very severe, 5. The score 5 repre-
sents the injury of 50% or more on the fruit surface area.
Different letters represent significantly different values
(P=0.01) according to F test.
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Table 1. Differences in concentration of volatiles between bagged and unbagged ‘Hokuto™ apple fruit skins during cold

storage.
Amounts of volatiles ( zmol* kgA])y
Indentified Volatiles” At harvest time" 2 months at 0 °C 4 months at 0 °C 6 months at 0 °C
Bagged Unbagged Bagged Unbagged Bagged Unbagged Bagged Unbagged

Ethanol 758.09 135932 301192 281880 4611.72 324550 300048  6696.96
n-Propanol 11.13 31.18 2.78 3.34 3.34 5.76 4.56 29.18
iso-Butanol tr 3.60 1.35 1.27 0.40 2.62 3.55 tr

2-Pentanol tr tr 2,67 1.57 5.40 5.49 7.87 19.63
n-Butanol 64.85 108.78 108.88 93.35 101.24 132.43 157.29 422.49
2-Methyl-butan-1-o01 3179 60.79 743 9.20 6.32 14.72 18.76 81.37
n-Pentanol 0.88 1.74 0.69 0.53 045 0.58 3.24 9.74
n-Hexanol 19.58 3439 34.02 21.78 36.23 62.94 92.58 224.08
trans-3-Hexenol 3.21 6.22 3.23 3.32 1.98 542 4.07 10.03
cis-Linalool oxide (furanoide) 0.25 1.29 0.46 0.61 1.10 1.07 2.30 7.35
trans-Linalool oxide (furanoide) 0.29 0.82 0.29 0.22 043 0.31 0.78 3.16
2-Methyl-3-hepten-1-o1 tr tr 1.72 1.52 431 3.07 7.06 15.64
n-Octanol 0.71 0.78 1.72 029 234 1.73 3.10 4.58
n-Hexanal 6.68 12.61 3.10 3.35 8.77 21.92 18.23 57.37
trans-2-Hexenal 19.02 47.05 9.37 31.93 851 56.08 14.94 60.45
2-Methy! butyric acid 80.74 127.06 0.87 0.70 1.61 1.43 7.75 6.86
Ethyl formate 0.67 2.86 0.49 0.38 0.94 1.13 0.80 4.02
Ethyl acetate 3.05 351 432 3.18 6.47 5.14 4.36 10.42
iso-Butyl acetate 0.52 051 1.10 0.52 0.78 0.75 0.81 2.16
Ethyl n-butyrate 247 259 0.59 0.54 436 220 11.34 15.70
Ethyl 2-methy butyrate 1.69 192 0.08 0.05 0.46 0.37 207 3.19
n-Butyl acetate 6.16 4.86 9.17 17.20 10.94 12.10 5.57 3.73
iso-Amyl acetate 6.28 9.54 3.26 9.27 2.17 5.38 2.53 tr

n-Amyl acetate 0.38 0.55 0.41 091 0.46 0.76 0.36 0.45
n-Butyl n-butyrate 1.59 247 4.25 4.18 295 4.74 1.98 1.50
Ethyl n-hexanoate 3.19 21.34 5.18 2.11 332 3.48 14.51 15.20
n-Hexyl acetate 6.04 8.11 17.93 26.50 18.49 30.44 17.69 13.82
iso-Amyl 2-methyl butyrate 0.27 0.81 tr tr 0.12 0.26 0.09 0.24
n-Propyl hexanoate 1.97 3.59 0.65 0.38 0.58 0:52 0.87 1.62
n-Amyl 2-methyl butyrate 0.43 0.89 0.56 0.42 0.26 0.57 0.45 0.31
n-Hexyl propionate 0.71 1.88 0.65 0.94 053 1.81 0.47 0.85
n-Butyl hexanoate 26.28 3241 21.56 9.71 17.75 13.97 17.33 11.20
n-Hexyl n-butyrate 1.48 1.43 9.07 5.76 12.47 14.94 12.26 10.18
n-Hexyl 2-methy] butyrate 18.94 27.51 5.31 3.17 5.80 9.72 6.90 10.73
Ethyl octanoate 0.82 1.16 0.25 0.08 0.55 0.30 2.50 5.06
iso-Amyl hexanoate 2.15 3.01 tr tr tr tr tr tr

n-Amyl hexanoate 3.33 450 1.26 0.56 141 1.30 1.56 1.07
n-Propyl octanoate 1.39 3.16 0.11 0.09 0.14 0.15 0.19 tr

Ethyl-3-hydroxy butyrate 045 093 tr 0.19 tr tr 1.75 20.35
n-Hexyl hexanoate 67.71 76.70 4331 1191 57.14 41.96 61.76 28.95
n-Butyl octanoate 16.14 20.97 10.76 4.09 1.66 0.95 tr 0.38
iso-Amyl octanoate 2.98 3.83 053 0.27 0.77 0.88 1.02 0.98
n-Hexyl heptanoate 0.94 220 0.49 0.38 0.80 1.06 1.00 248
n-Amyl octanoate 0.94 0.99 0.49 0.22 0.80 0.48 0.99 1.09
n-Hexyl octanoate 543 7.19 3.09 095 3.58 272 4.44 2.46
n-Butyl decanoate 0.25 1.39 0.31 0.25 0.16 0.25 0.07 tr

(Z, Z)- a -Farnesene 3.78 558 1.29 047 1.21 1.96 1.17 1.80
(E, E)- a -Famesene 929.94 1020.04 307.45 86.57 340.58 257.17 217.82 103.56
Limonene 0.91 0.87 0.18 0.16 1.45 2.61 0.26 0.09
Estragole 0.34 1.20 0.74 0.53 0.92 0.74 1.01 3.08

z

After being destilized, the volatiles were collected with methanol and dry ice traps, and extracted with diethyl ether. They
were identified by gas chromatograpy-mass spectrometry.
The analytical conditions : column, TC-WAX 60 m X 0.25 mm ID; column temperature, 70 — 210 °C (3 “C/min); injection
temperature, 250 °C ; carrier gas, He 30 ml/min; ion source temperature, 180 °C; ionization voltage, 70 eV analytical
equipment, Hitachi GC-MS M-80 B.
¥ Analyzed by gas chromatography using internal standard, n-buthyl benzene.
The analytical conditions : column, TC-WAX 60 m X 0.25 mm ID; column temperature, 80 — 240 °C (3 “C/min); injection
temperature, 250 “C; carrier gas, He 30 ml/min; detector FID; analytical equipment, Hitachi 663-30.
*  Harevest time, Oct. 28, '92.
Trace ( < 1 ug-kg™).
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Table 2. Effects” of volatiles on incidence of stain-like injury in ‘Hokuto’ apple skins.

Storage time

Concentration ( g mol* liter ) enclosed

Volatiles

(Months) 0 43.1 86.2 172 345 690 1380 2760

2 -y - - + 3+ 4+ 5+ S+

trans-2-Hexenal 4 _ _ + 3+ 4+ 54+ 5+ 5+
2 - - - - - - - +

2-Methyl-butan-1-o01 4 _ _ _ _ — - — —
| 2 - — + 2+ 3+ 5+ 5+ 5+
n-Hexana 4 _ — + + 34 5+ 5+ 5+
Propanol 2 - - -
n-Propano 4 _ _ _ _ _ _ _ _
2 — — — — —_ — —_ —_

trans-3-Hexenol 4 _ _ _ - _ — — —
. 2 - - - - — - - +

n-Hexyl propionate 4 _ _ — _ - — + 2+
7 2 - — - - 2+ 4+ 5+ 5+
n-Amy] acetate 4 _ _ _ — 24+ 4+ 54+ 5 +
x 2 - - - - - T T
Farnesene 4 _ _ — _ - - — -

z After being harvested on Oct. 28, '93,
to the volatiles for 20 hours at 20 C.

v Incidence score : —, not detected; =%,

‘Hokuto' apples were stored at 0 °C for 2 or 4 months and exposed

trace; +, very light; 2 +, light; 3 +, medium; 4 +, severe; 5 +,

very severe. The score 5 + represents the injury of 90 % or more on the fruit surface area.

* Mixed isomers.

Table 3. Differences in stain-like injury score” between Ce-aldehydes and its alchols in ‘Hokuto’

apple skin.

Aldehyde Storage time Concentration ( 2 mol-liter ') enclosed

or Alcohol (Months) 0 431 862 172 345 690 1380 2760
trans-2-Hexenal 2 - - - + 3+ 5+ 5 + 5+
trans-2-Hexenol 2 - - - - - — 24 2+
trans-2-Hexenal 4 - - + 2+ 4+ 5+ 5+ 5+
trans-2-Hexenol 4 - - - - — + 2+ 34+
n-Hexanal 2 - - - + 3+ 5+ 5+ 5+
n-Hexanol 2 - - - - - - - 2+
n-Hexanal 4 - - 2+ 3+ 5+ 5+ 5+
n-Hexanol 4 - - - - - + + 34

7

After being harvested on Oct. 28, '95, ‘Hokuto’
the same as table 2.

apples were stored at 0 °C for 2 or 4 months. Method is
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Table 4. Effects’ of C,5 - unsaturated acids on incidence score’
of stain-like injury in ‘Hokuto' apple skin.

’ - Days after treatments
Storage” C)g - unsaturated Conditions y

time acids after treatments | 2 3 4
Linolenic acid Air 00a 25a 46a 46a
Linoleic acid Air 00a 10b 28b 35a
2 months

Nitrogen” 0.0a 00c 00c 10b
Nitrogen 0.0a 00c 0.0c 00b

Linolenic acid
Linoleic acid

Linolenic acid Air 00a 08a 17a 33a
Linoleic acid Air 00a 00b 07b 1.7b
Linolenic acid Nitrogen 00a 00b 00c 08¢
Nitrogen 00a 00b 00c 02d

4 months

Linoleic acid

Two unsaturated acids were individually painted within about 20 mm
circles in diameter on stored ‘Hokuto' apple skin and the apples
were kept at 0 °C for 4 days.

Incidence score - 0, not detected; 1, very light; 2, light; 3, medium;
4, severe; 5, very severe. Different letters represent significantly
different values (P = 0.01) accordomg to Duncan’s multiple range
test.

After being harvested on Oct. 28, 95, ‘Hokuto' apples were stored at
0 °C for 2 or 4 months.

Air was exchanged with nitrogen gas in desicator.
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NAEh3,

EROEBER T ZFIZREO TV HFNEX I ERAET
ICRELEW (2S5, 1996 ; Warner, 1994) DlZxtL
THRmmE R S F B E X A E & R OB R
iz R4 LSy (L, 1984; Warner, 1994). L &
&, BRERLTHIZIZERIDO L) EESFAEICK - TH
A3 5 2 & (Mattheis, 1996, 1997; ¥ &, 1993; Warner,
1994), ik > TIINEEE» SBRICBR I A Z L H
5, REDEBFTHRIZBET B3 XOEENELLh S,

Z0L, ZOBEFIRHNELD L LABRHNET
RERE < (LR, 1984 FHD A T, 1990), L»
SHBILAIC L DR S hEE (FHD AT, 1993
; Mattheis, 1996; Warner, 1994) 38RO 1T L B
Gt RBES. UL, BIROLSIC“ERBEFEALL
FRBETHMHEhBZ L, SHLIZCARFETEAT
5ZL (FFHEOAITR, 1994 ; Mattheis, 1996) 2 5,
HROFBERPTLHBLEE EALON S,

22T, A b 3BERPLTORERMEL LT
PROEER T EFARICHRRTEEEL, FRRLE
VBRICETIERRASDOEREFLEBRA L /-,

HERPICEI3REOFLERESORELfTo 2L
A, MBLLHEL S0 BEOKSVEE Eh KIZ,
BRB/RIDLAEBRTAHLEVRAIZEBL, WMEICHT
BRADBHERLHBL-L Z A, trans-2-hexenal D
ENRER YK E L, ®R\T 2-methyl-butan-1-o0l, n-hexa-
nal, n-propanol, trans-3-hexenol, n-hexyl propionate, n-
amyl acetate DIEIZENR AR OGN, ThEDRTD S B,
trans-2-hexenal 1327 — Y R ERTRBR S L LTHIS
h, LardlrEPicki) s BR OFR/RLBER/ROHE
RESDODHBETRIAERBRTREDPLEVETTHE I LH
BRicBE I THwW3ZErs (BES, 1996), 07
LT FILEXBFIAHICL 2ARRETRHRENIIEDT
BILNEILND. HEPTOBREMELEZALLNT
W23 (E, E) -o-farnesene i3 BEH 0o (HE 5,
1996) &Rk, FERICEWTLHERRLERZSROMD
EIL—BOEMBBO Lo 7,

IhoDRREZERLT, HE2»A%kL 42 A%KIC
R D trans-2-hexenal, 2-methyl-butan-1-ol, n-hexanal,
n-propanol, trans-3-hexenol, n-hexyl propionate, n-amyl
acetate ¥ & U farnesene (RMHEEH) D 8HAIZDON
TA} ORBRICRIETHEERE L 2L Z 5, trans-
2-hexenal & n-hexanal D Cs-7 L F & FALERRE D
EREETCHEER T RERMAREREL, &R\ T n-amyl
acetate, n-hexyl propionate, 2-methyl-butan-1-ol O Ji§
IZRB L/, LA L, n-propanol, trans-3-hexenol ¥ &
U farnesene IZWTHhOBHOEREABIZE T LB
BEPTRERIREE Lok, ZThsORERIT Cs
TALTFE FEMERE TRELZRBLZVOIIRLTT
LA-LVEBOLARELBENMARICH S Z LA THEL
T3,

IDZL%HRTHEDIC, WE2OABRBLV 4 H
A#%IZ45 B X 17z trans-2-hexenal & n-hexanal Difj
Co-TLTEFLENRENDCe-TLIA—NLTH3
trans-2-hexenol & n-hexanol MFFEE R T REFIIN
BEBRAUBLIELIA, WThOBYETE Cs-TL
FERRBEDC-TLI-NLEDIEBE THENRE
THILEMRLE, ZORRE, BELRLELBN
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Co-TLTEFBEDCe-7AIA—LICBTEN S L
EVBERENSTEELREL T3,

—7%, trans-2-hexenal ¥ X U' n-hexanal @ RiSXHE i3
% M £ linolenic acid & linoleic acid (X9, 1981) T,
ZhoDRAN) Y TREICKITTHELHANER,
mASE MR8 & S BBRE R T RERERL 2. WEOD
W8 T3 linolenic acid #% linoleic acid & W R REL,
Ly b Z20OBAEPRTRERS O E» o, 4, Bk
DB EBERA IR T2 25, WThOAREANE
BB TR POBAIVEROREALFZFLI AR Z A
7=. ZORRP»S, ThoDORREABHRRABEIZLSR
FEHRERBLIETPORELLELTIRMLRARTH S
ZenRBEhs, —F4, EWEKIZHIT B lipoxygenase
BEELABELL, BROAGHMR L DG TENE
MW Z &, linoleic acid & ¥ linolenic acid {234 U T3
SERETAZ Ao TVE N (Mg, 1981), ki
D/ERIBIDZ L L KL —HT 5.

7, BAES T REROSVEENKLD BEROD
BREh7 CAEFBTHD T 54, Zhid CARRRIC
SOMEOFIREBEEL T ATBYENEIGR, IO
ZEo BRI IIBLREOTEENREINS,

trans-2-hexenal DAEWEKIZ 1513 B EBRIZ DV TIZMAH
(1976, 1977, 1981), M & (1983) ¥ & U* Sekiya 6
(1982) B®RDO &> EFMEBELEL TS, B3RS
AT &S AN SEE (HHPERESOXS, WENE
HE) TERGBRIATEEBR LT SEE, T4b
% linolenic acid % linoleic acid ¥ & L T\ 5 it fs
fifi - BEHEE A Z OEH» i3 Fh, ZhiC acylhydlase A3
fERL CGEEREMNENEA AR T 5. linolenic acid
D3IFA Tid lipoxygenase DIEA TRAPDOBE 1M
X h, 881t 13-L-hydroperoxylinolenic acid 2% 4 B
¥h 3B, WIS Z O HEH A hydroperoxide lyase (2 & D
B 2 LU T cis-3-hexenal & 1l-formyl-cis-9-undecenoic
acid 24K L, Z D cis-3-hexenal 2 5 B¥{LE2EL T
trans-2-hexenal B4R X 3. 7z, linoleic acid DI
4 T3 lypoxygenase & hydroperoxide lyase @ i X
5T n-hexanal ¥R Eh 3,

MmO S HOKER, dtb O BB R T trans-2-hex-
enal, n-hexanal # X U trans-3-hexenol (XY FEFF > 5 By
BRI TIZIZRROERER LD, ThiZE3
ERENA3RBMEEEL THATEEEELShS,. Z
N5 DE S D W T trans-2-hexenal & n-hexanal XA
TEHHLZ8RAD S H, BEERE TREEL T HRE
RERBLTED, L2 ZThThOETLERBHOT L
I-LBZEOTATE FED EEENEELBEENILH
REhiz,

—%, BERABICERERIIRELS VY BR T
Ce-T LTt FD S5 bEEFI T trans-2-hexenal D & A%

HEXh, FEBEHHIZ L 5 T trans-2-hexenal & n-hex-
anal BRIEE T3 (BHEH, 1996) DItHL,
EAIH D & BB R A RAE LS AL TIRINER X
D trans-2-hexenal & n-hexanal ® ~2® Ce-7 AT L F
BEEXRTVWES, 72, ChoDBTERBOT L
—LEARBL, BR TREEEHEXD rans-2-hexenol
L n-hexanol D "D D Ce-T LI —LBHFEET S (FE
5, 1996) DIz L, dLp TIIINER D O kR
T n-hexanol DAVBFEL TWBRIZTELN, ThHD
Ce-TLFE F & Ce-7 N 2= LORHM AL} DR
A 5 ORBAE R REICEES LTWA RS ES L
bh5. L L, ZOZEIZ20TIRE SICFMAsRE
NYBTH3B,

Fonda 5 (1997) %, ‘AU’ iiH T3 RERENBRO
B TIIREBERESIRE L EVAERRENMEROR
HTRRET S I L, &5 Mattheis (1997) {3 254
nm OERERNAB TR SC BT 58RREOERA
AR T ERXPB O LEVEE KL YPLERERBRTSZ
LEREL -,

KB EBRICH T 3 BNARIEZOEMENEABDRICE
> TRER® (UVA, 400-320 nm), $ERE (UVB,
320-290 nm), EE LK (UVC, 290-190 nm) & &K UH
22858 (vacuumUV, 190-100 nm) 3 Eh 3 (&
B, 1991). # LICEET 2 ABAERIBESRKICAY
VIZEBAEABOBRND-DIZH K Z 300nm KD B
BOEFAXT P RBRAI S LD (ki 191). 20
RIS, WLEICEELEVWALNLZ UVCHEIZKS
FBEE R T RERORBREIERREDEELR L 508
HrEZSNB, LrL, UVCOFAUVB & ER
MTHEADRVIENS (K, 1991) ZeimohTH
D, EAROBEBRITETE LV, 5T, ENARLEB
BEPLTOREIZOVWTII UVB R Z DMK, HHKRMHE,
EHIARAEAROREOHE L i€ TREAINDBEL
Bbhs,

UEDZL%ERL CHBAERTOREERAHIZA
3L, —DOOWHERLLTRDOELI I LHHEREHhS,
Thbb, ZOBEBIBEORETERORELZIRT
, 207z e L CHRAENIARENICBFLRY
“C linolenic acid ® linoleic acid ARt &, 2 3 X
A% & 5 % lipoxygenase IZ & 3 HEE &R L KIS 2 A
ERGICBEBRLTWAZ LRI HhS, LHL, 2O
ZiizonTRIRLAIORESRERENRS, $H#O
HMERABDBBEEILRBEIZTTE LN,

HROEBERLCTORERRAME L LT, (E, E)-a-far-
nesene D EELH AR XN, Anet (1969) X 2D
HER{tOr o AN THB VYV I V2 EREL .
% 7- Rowan & (1995) XV v ITREH» 5 ZDHE b
VIV EANEERREL:, UL, BRI 0FS
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COOH
— VEAAMN

Linolenic acid
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OOH

13- L-Hydroperoxylinolenic acid

Neutral fats
Phospholipids

EZ/I
e ¥ !
cis-3- cis-3- 11-Formyl-cis-
Hexenol Hexenal 9-undecenoic acid
E, OHC
/\E\/CHZOH — /E\/CHO \-:‘VW\/\
E. COOH
trans - 3 - trans - 3 -
11-Formyl-irans -
Hexenol Hexenal 10-undecenoic acid
El P,
CH,OH CHO
E,
@ r—
— /vcﬁ

trans - 2 -Hexenol trans - 2 -Hexenal

E,+E,”
Linoleic acid ==y 1 - Hexanal

Fig. 3. Cs-Aldehyde formation from C;g-unsaturated fatty acids (Hatanaka, A. et al., 1983)
E;: Acylhydlase  E,: Lypoxygenase  E,: Hydroperoxide lyase
Ej;: Alcohol dehydrogenase  Es7: Isomerase & Isomerizing factor

REBRIROERBR IO THL » 5 K512 (E, E)
-a-farnesene ZMEHEDE TR ELERAL M AW &,
AEBRO & 512 ethanol 1% < REHIEAZRE (FE
5, 1972) T# & h 2 3} TiX (E, E) -ofar-
nesene DFEARMBIEFBIZZE I E20b o6, XD
FRERLTIZELAERELEVWZ L2 5 (E, E)-ofar-
nesene & PERDEFRECIT L OBERIT X S IZFEM LS
NPpBEERBbhD, 727, deb s Wik Em R
BEENIZIBNI L5 ZIDOBEIZNLT (E, E)-o
farnesene DLW HEE T 2 MREHIZIEE TE &,

WFRIZLTY, BRAER T IIERDOERE R T L FEk,
BACREOTHEELRE X NS H, TORBEOBRBEOR
B2 (E, E) -o-farnesene DO IEMR @I, 5 1C
BRMEOKTOBEEOTEELED TSHE O ICHEMLR
ABDETH S,

m =

ErERI A 5 AL RE OB AEMICZE T 5 BHEBR
g (Bame LERE) KOWTHISRLERROK
BEfTol, 7, NERLEEPOHMBEORKICET
ZERBRAOMBERETHILLBIC, HETIRG K
JUZDOHEEWEORKICRITTHELIRIL %,

1. AREZIEEBR L DBRAERT AR L 7.

2. ARRLEBRROTIBERBESORIELT o728 Z
5, MHICHEL TS50 RO BEE S h iz,

3. BIRLVABRTHLEVRAIZEBL, WHICE
FE2EHEROERAHKLZLZ A, trans-2-hexenal D
E»NF YA EL, BT 2-methyl-butan-1-ol, n-hexan-
al, n-propanol, trans-3-hexenol, n-hexyl propionate, n-
amyl acetate DIEIZEDN AL h 7,

4. ZVAONTEAOTRBEBRAL, REICKITT
MELRE L 2&R, trans-2-hexenal & n-hexanal D
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Co-7NA Tk FREMNESERE THRAER I RERE
BB L, &\ T n-amyl acetate, n-hexyl propionate, 2-
methyl-butan-1-ol DJRIZFEHR L 7. n-propanol, trans-3-
hexenol L VIR T OBEMEL LTHLh TS
farnesene (RMHAEH) AE TREBAE R T RERI
BELLEhoT.

5. BRI C-TLTFERFEFD Ce-TAIA— N
DRBIZRITTHELRIFL2L T 3, trans-2-hexenal
i% trans-2-hexenol & ¥, = 7= n-hexanal i3 n-hexanol &
DIKBE CREE R TRERSERL 2.

6 . trans-2-hexenal & n-hexanal D Zh Zh D HIWHE,
linolenic acid & linoleic acid DR EIZRITTHELFAN
RER, MELIBEECTRERERRLE. O
23 linoleic acid & ¥ linolenic acid TR <, L2 &V
EL BN, &7, SKERRETIIAAMNENRL
B bhioBmENELIAH AL,

7. ZhoD&ER» S, dsb 0FR/RIZH T 5BEE
213 DA I linolenic acid #* & trans-2-hexenal N DX
HRFELABERO—DL LTHEL T3 REMENTRER
Shiz,
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