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S u m m a r y

いFhcn assaycd with pecl discs of satsuina mandal‐ in (6材力とrs と′βs力丁とr Marc.)fruit

picked at vari()us lllatuling staFCS, ethylenc producti()n 、 vas pionlotcd in fcsp()nsc t()

β―pi l l c n e i  n l y r c e n c ,  p一c y■l c n c、 h n o n e n c  a n d  γ
―tc r p i n c n c  a l t h o u g h  t h c t r  h i g h  c o n―

ccntratiorls wrcre irlhibitory  ln contrasti lirlalool invariably rcduccd cthメicne produc‐

tiOn in the pccl discs after August. FurthermOrc、 not()nly incl力easillg thc ntlmbcl oF

discs btit also decreasing thc volume of headspace in thc incubatlon vials illhibitcd

ethylenc productioll fronl pccl discs. Thesc rcsuits sll宮gCSt tllat volatilcs includinf

esscntial olls havc somc regtllatory functions in thc cthylene productioll or citrus fruit

Conccrning this, flavcdo tissues of nlattire satstinla mandarin containcd 13.5 /Z1/g

f . w。 l i l 1 l o n c n c  a n d  O , 1 5 5  μ1 /宮f . w。 l i n a k ) o l ,

introduction

There has been nluch rcsearch 、vork about essential olls in citrus. A71ore than 100 conlpounds are

separated from citrtls olls9)も V`hat food sctentists are lllost interested in is the rolo of the volatile

compotlnds in the aroma and flavor oF citrus prodtlcts. On the other hand, somc 、vorkers utilize

leaf cssential olls for the chemo―taxonomic purpose of citrus plantsF Si10). rIOWevcr, very httie is

ctlrrently known about their physlologicat roles in growthn developnlent and ripening of citrus fruit.

Iwananli and Hyodo5)repOrted that volatiles from pecis of lenlon, orange and linle inhibited growth

of ■lting bean seedlings. They also fo〔lnd thc volatiles from lenlon olls alleviated the inhibitory

effect of ethylene on the grom′th of the seedlings. Citrus arc known as typicai non―climacteric fruit.

110ハヽFeVer young citr(ls fruit shoHF a btlrst of ethylenc production after picking like cllmacteric frtiits

blit beconlc typicai non―c11lnacteric fruit as they nlature21. The nlechanisnl that loscs the abllity

to produce ethylene as they nlattlre rcnlains to be solved. IIere vvre rcport effects of essential olls

on ethylcne prodllctlon of citrus peel discs and discuss their potentiat roles in the regulation of

ethylene production in citrtis fl‐llit.
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Materiais and Methods

Piattr FFSSgeS

Frtllt oF satsuma mandarin(Cit′ ws と′βS力丘7 l`arc.cv.Miyagawa― wasc)wcre Obtained fronl the

orchards of Ehime Lirliversitv. Pcel discs of satsunla nlanciarili fruit picked at diffcrent nlat(11‐11lF

stages were obtaincd using a cOrk borer('12mm).All assays and determinatlons belo、were

triplicated.

Essc妃 所〃 θゴ どre2tmeF2ど 2辺ど 2ss2/め r err2メeFle prθど口cばo現

α一Terpincne was obtained from TOkyo Kasci Co. Inc., γ ―terpinene from Sigma Chcmical Co.

Inct, myrcene from Aldrich Chemical Co. Inc., and the other chenlicals from ヽ 「ヽako P(11‐e Chenli‐

cal lndtlstries, Ltd. rヽ ftcr frcshly prcparcd pccl discs werc H′ eighed, thcy HFere placed in Elrcn―

nlyer flasks or glass vials. 1｀ hc vessels were then immediatcly sealed with glass or rtibber stop―

pers.」ust before the discs wcrC placcdi essential oil was injccted with a micrOsyringe into a vial,

、ハ/hich was then hcated to volatilizc the chenlical and cooled. Thcy were incubated at 25'C fOr 20

hollrs and ethylcne conccntration in the headspace gas was detcrmined on a Shinladzu CC 9A gas

cllro■latograph eqLlipped with an activated alunlina colunin and a fia■le lonizirtg dctector.

Seif ttJガD玉もn θF ery2yrene prθど口ご所θtt b)ア voFattles jttθ盟 ごメどrus peers

Satsuma mandarin frilit, collected On Novenlber 20 and stOred at roonl telllperature, 、 vere tlsed

in early Deccmber. In the First experinlent, one, fouri eight and sixteen discs M′ ere placed in a

1 3 8  m i  E l r e n n l y e r  f l a s k  c o n t a i n i n g  O . 5 m 1  l N  N a O H  i n  a b s o r b c n t  c o t t o n  w r a p p e d  w i t h  a l u m i n i u m

foll and giass stoppered.  After 4-hr incubation at 25°C,  internal gas was withdrawn and

ethylcnc and other gases were analyzed by gas chronlatography.  Concentrations or nitrogen,

oxygen and carbon dloxide 、肝ere deter■lined on a Shinadzu GC 8A gas chromatograph ecluipped

with dual columns of Porapak Q and M01ecularsicb 5A and a thernlal conductivitv detector.In

the sccond expel‐lIIlent, a set of four pccl discs MFere placcd in various volumcs of Elrennlyer

f l a s k s  o r  g i a s s  v iを1 l s  c o n t a i n i n g  O . 5  m l  l N  N a O H  i n  a b s o r b c n t  c o t t o n  w r a l ) p e d  w i t h  a l t l m i n i u m  f o i l

anct then rtibber stoppcred. After 4-hr incubationi the hendSpace gas H′as sinlllarly analyzcd.

Aσ σ どcFeF‐r77れ2tion

After the hcadspace gas 、vithdrawn for ethylene deternlination, the tissues 、AFere taken out and

extracted with 70%ethan01 containing O.05% (v/v)2-mercaptocthanol.Thc cxtract was evaporated

ァ1ヮ ェraごとFθ to dryness and the residue 、Tas then takcn in 2 nll distilled MFatCr. An aliquot of thc

s o l u t i o n  w a s  u s c d  f o r  A C C  d c t e r i n i n a t i o n  a f t e r  t h e  m e t h o d  o r  L i z a d a  a n d  Y a n g i l l .

Derernttn2ば on θF essetttFaノθfrs

A 100 mg of flavcdo tissues Of st‐ Itsuma mandarin fruit was dissected 、 vith a surgical kni鋒

froni the equatorial part of the fruit and placed in a glass vial containing 10 n11 0f nlcthylencj

chloride. The tissttc、 VaS nlashed、 vith a pair or stll‐giCai nippers in the vial. This procedure enhanced
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thc 〔li ff(lsion of essential olls into tilc ol‐HaniC solvent. Other、vise thc r‐ate of diffuslon 、Aras very

s10w.A l.0 ′ ′Zl ah(luot of the s(ぅlvcnt was injected to a gas chromatogi‐al)h(Shinladzll GC-9A)

GquiF)ped with an SE 30 15% coated Chronlosorb WAWDMCS(80 100 nlesh)column (0.26x

3()O cnl)arld a fianlc lonizati()1l detcctor.Column tempel‐ ature was progranled fl‐on1 50 to 250 C at

all inCrenlcnt rate of 3 C/min, and detector tenipel‐atu re 、、FaS 260'C. Cal‐rier gas 、vas nitroren at

a  f 1 0ヽ 卜F r a t C  O f  3 8  n l 1 / n l i n .  P e a k  i d e n t i f i c a t l o l l  o f  t h e  s a n l p l e s  、 Fa S  C a r l本 ic d  o u t  b y  c o n l p a l‐ in g  t h e i r

rctentlon tinlc and gas chronla歓 )宮raphド
ーnlass spectronletry(GC一 MS)prOflles with those of authentic

cOmpounds.GC一 MS spectrometry(Shimadzu Aut()GC一 MS 9020-DF)was carried out by using a

caplllal‐y column(OV 101 0.25nlm x 20m)、  heliunl as carrier gas at a flow rate of 10 m1/min、

そtlld ionizing voltなgc at 20 eヽ
「.

R e s u l t s

ど'をご古 θF essettFr2プ olls θr2 cとぬメettC prθどどc[ion 2F2ど 4σ (ブ coF2Fe妃古 θ√s2F5口,22 回 2'ど2r,妃 peeF

どるごs aF dittere22古m2Fど re s二2ゴes

The pccl discs fronl thc frtlit picked on Jtlly ll promotcd ethylcne prodtlction in response to 36

n1/111i nlyrccne(Fig.1).After August 7ゃsimllar dose一response patterns werc observed in the discs

exposed to β―pillcne, p一cynlcne, 1lmonene and γ
―tcrpincnci the ethylenc production was en_

hanccd at 3.6 or 7.2 n1/ml whcreas inhibited at higher concentrations. No conspictlous pronlotlon

in ethylelle production ill responsc to α
―
pinenc, ■lyricene or linalool Hras notcd in the discs aftcl‐

Augtlst 7 btit the exposul‐c to increasing concentralons of α
―
pinene and linalool inhibitcd ethylclle

prodllction.Linalool showed the greatest inhibition(Fig.1).On the otiler hand, ACC content

showed illcl‐easing tcndencies in respose to higher dosagcs of all essential olls (Fig.2).

sarれ ヵメbiどlo盟 θF e勧 /た ,c prθ ど口cばonわ /voiaれ たs'っ r77 sars,7222回 2妃ど21'19 peeる

InC rCをlSing nunlbers of peel discs in ‐an incubatlon flask as well as decreasing voltinles of hcadspace

of incubatlon flasks inhibited ethylcne production fl‐onl the peel(Tablcs l and 2).At thc end of

inctibat ion、 c al'bon dloxide concentrations were less thal1 0.6% as O.5 nll of l N NaOH had been

incitlded in order to pl‐event the acctillltllation or carbon dioxidc in thc flask.

Esse畑 所2ノθ〃 ごoF2よθ妃ど'17 "り、アeどθ aFrコ 2ど口r力2g s2よs口,立7 回 2,ど 2r'ね Fr・ロゴど

Fig. 3 sho、 ドs thc content of essential olls in the flavedo tissues of satstinla nlandarin fl‐ uit during

nlattiring peri()d fronl 」 uヽgust 30 to November‐  12. The average contents of linlonene and hnalool

ドヽCl‐e 13.5 μ 1/H f.、ド. and O.155 /て 1/g fも A`r●l respectively. The averagc alllotint Of total essential

olls was 15.6 ′ /z1/g f.w.The fiavedo tiss(les from fruit picked August 30 showcd lower content

than those fl‐ onl nlore nlat111‐e fruit.
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Tabに  1 13ffect()f ntinlber()f peel discs of satstinla nlandarin frtlit in thc inctil)atiOn via1 0n thell力 ethドlcne

prod(lction  Aftc1 4-hr incubation、 cthJlenc、 nitrc)gcn i()xざrgen and carbOn di()、idc cOnccntrations

in thc 、rial wcl‐e dctcrnlined bv CC. A O.5 ml of lN NaOH sollltiOn was incltidcd in thc incui〕a

tlon vial for absorbing carbOn di()xidc  Reslllと、 are llleans 」と SE of three reI)licates.

N o `

。r dis(!、

ヽヽFcight

( g )

C 2 H、

( n 1 / q f  w / h r )

N! O !

( % )

CO

1

4

8

16

0 265± 0.030

0 898二生0 043

1 7 1 6 ±0 0 8 8

3.709■0 217

3 . 8 5 ±0 2 1

1 . 4 5 ±0 . 1 8

1.06■0 16

0,77■0.18

7 8 7 0 ±0 . 0 1

78 87± 0.03

79,35±0.08

8 ( ) . 1 5 ±0 0 6

2 0 7 5 ±0 . 0 1

2 0 . 5 3 ±0 . 0 1

20.13±0.08

1 9 . 2 8±0 , 0 7

0 . 5 5 ±0 . 0 1

0 . 5 9 ±0 0 3

0.52:上0.02

0 . 5 0 ±0 . 0 0

Tabic 2 Effcct()f volunlcs()f incubation vial on ethyicnc production of pccl discs oF satsunla nlandarin fruit.

After 4-hr inctibati()n 、vith four discsi cthyicnc、 nitrogcll, oXygen and carbon dioxide coricentra

t i o n s  i n  t l l c  v i a l  w c r c  d c t e r r n i n e d  b y  G C .  A  O . 5  n l l ( ) f  l N  N a O H  s ( ) l u t i o n  w a s  i n c l u d e d  i n  t h c  i n

ctlbati()1l vial fOr absorbing carbon dloxidt3. Rcsults arc ■lcans t SE of three rcpllcates.

V o l t l m c

( ) f  v i a l

( n l l )

Vヽeight

( g )

0 !

( % )

C02C 2 H l

( n 1 / りf w / h r )

N ,

27

60

136

245

1 . 1 4 7±0 . 0 3 4

1 . 1 0 7±0 . 0 1 2

1 . 1 6 4±0 . 0 5 5

1,064±0.009

0.37■ 0,06

0 50± 0.05

0.72こと0.09

1 . 3 6 ±0 2 0

8 1 , 0 1 ±0 2 8

79.82± 0 04

79 36±0.02

79.20」こ0.04

1 8 . 5 5 ±0 . 3 1

19.76二生0.03

20 24■0.05

2 0 , 3 9 ±0 1 1

0 . 4 9 ±0 . 0 9

0 . 4 3 ±0 . 0 3

0 . 4 0 ±0 0 3

0.42■0,07
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Discusslon

Citr(ls pecls are kno、、F1l tO Contain esscntial olls, Pllthotigh much 、vork has been done about cit―

rtls esscnttal()1ls, littlc is knoぃァn about thcir physlological roles in the fruit groぃrth、 de、rek)pnlent

と、1ld ripening. Citrus arc typical non―cllmacteric fruit. Thev sho、F neithcr chnlacteric risc in rcs‐

pil力ation nor a burst of ethylene prodtlctlon in their ripening processes. 1loヽドe、
re r、 yotlng citrtis

fl‐11lt i ヽ市hen detachcd fronl the trec、 shovr a bllrst in ethylene prodllction likc clinlacteric frtlits.

The abllity of fruit to prodtice ethylene gradually decreases as the fruit mature41. For exalllple,

thc nlaximunl ethylene production of satsunla nlandc‐trin fruit 、vas 230、 21 0.6, 0.04 n1/g f.、AF./hri

afしcr picked on June 30, August ll, September 21 and NOvcmber 30‐  respectivcly ((lnpllblished

data).Howcvcr, exogen(,usiy applied ethylenc can induce a chmacteric-1lkc rise in rcspiration of

citrus frtlits evcn をlt ripening stages〕
|, Thereforei non―climacteric behavlor of citrlis frtlit is due

to their inability to prodtlce ethylene. lloH′evern even the peel discs of nlaturc frtlit, 、、rhcn dis‐

sccted i exhibit ethylene prodtictlon, probably due to the injury stress.

IIyod。
3)repOrted that albedo tisstlcs preparcd from fl‐uit harvested fronl ALlgust to Nove■lber

shOHFed Sinlllar burst patterns in ethylenc production dilring incubation perlod, Ethylenc prodtlciton

by ptllp, albedo and flavedo of sats(lma lllandarin frilit picked on July 14 was compared and thc

fiavedo showved the lcast production21. Riov eF 2ア.16, sinlilarly reported that fiavedo tisstlcs or

nlattire grapefruits also show a gradual increase, clcariy not a burst, in cthylene prodtlction during

incubatlon. Thcsc facts indicate both albedo and flavedo tissues have the potential of cthylene

prodtictlon even at nlとiture stagcs. Furthcrnlore, the whole lenlon fruit can cxhibit rapid increase

in rates of respiration, ethylene production and degreening in response to ganlma radiationiJ.

Rlov and YanH171 reported atltoinhibition or ethylene production in citrus pccl discs and that

cthylene inhibited ACC synthesis but not the convcrslo■ o「 ACC to ethylcne. Thercfore the self―in‐

hibition of ethylene pro(luctlon by volatiles from peel discs of satsuHla niandarin in our pr‐esent

work may bc dtic to ethylene rcleased from the tissues(Tables l and 2).Iwananli and Hyodo51

found that lemon oils alleviated the inhibitory effect of ethylene on the growth of nlling bean

seedlings,  although they were equally inhibitory to thc growth oF the seedlings.  Further,

I、vananll and lshibashi61 repOrted that the acti、 rc compOnent of lemon olls 、 ハ′as linionene, and that

linlonene also alleviated the inhibitory effect of citral, an essential oll, on thc groHFth Or mllng bean

seedlings.

Otir present rcsults suggest the possible involvenlent of essential oils in the regulation of cthylene

production of citrus fl本 tlit, 卜lo conspictlollS prOnlotlo■  of ethylenc production was noted in applc

fl‐uit tissucs or peach secds by essential ollsl‐
). 1lo、
ハFeVCr, essential olls prolnoted or inhibited

cthylene productlo■  in the peel discs of satsunla mandarin depending on the age of fruit, the

kind and concentratlon of essential oll enlployed.

The average linlonene content in flavedo tisstles of nlattll‐ c satStlnla nlandaI‐in rcaches as high ‐ as

13.5//1/gf.w.(Fig.3).Linalooli thc most inhibitory in our experiments,was O.155μ 1/gf,w.

Yajima ct.all'l also rcpol‐ted that 98% Of thc peel oll of sをltsuma mandarin was hydrocarbons stich

―- 7 -―



as linlon cne(88.4%)、 γ
一terpinene(4,8%)、 myrcene(1.0%)を ind a―pinenc(0.64%)、 an(l tilat

2% wをls o、〕
fHCnated conlpolln〔is stich as linalo()1(0.82%)all d &―terpineol(0.21%).Sawanlura

どと ヵア.!卜  rcl)ol‐teci thをlt rind oll contents of fresh flaveclo of 7 different killds of citi[ls frllit

incitidill質 satsllnla nlandal‐11l gradualir incereascd frolli nlicidle J[1ly to nlatllration. It is intel‐estillH

to note that this col‐respollds to ti]c period dlll‐ing 、vhich frllit Hradtlally decrease in the abllit卜
r to

produce eth)-lene prodtiction l‐.

Ernanatlon of essential olls froni thc oll gland nlay depend on cell pcl mcabillty of Hland tissties.

NorHlan and Craft31 1,eported that yc1lo、v lemon emanatl―d 、olatiles greatel‐ that grccll lcnlon.

Tl]cy also fotlnd that exoHeno(ls apphcation of ethvlene enhanced enlanation of essential olls of both

types of lc■lon altho(lgh grccn lcr〕on responded to ethylcne greater than yellow lelllon. This stl耳
―

gests pernleability of volatilcs throtigh ttland ccll nlembranes incI‐eascs HFith the ontogeny of 「ruit.

11lgh temperatures also enhance the emanation of v()latilcs from injtlrcd and uninjtlred Valcncia

orangcsl'.

Therefore, one of probable explanations for the rcason why 、 ハ′hole intact mat(lrc fruit prodtlcc

ollly snlall ar1lotlnts of ethytcnc blit the dissectcd discs cxhibit a bLirsと rise in ethylene production

is as folloH,s : If thc autoinhibition of ethylcne prodtlction as stiggested by Rlov and Yang171 is

involved in thc non―climacteric behavior of citrus frtlit, essential olls, 1lke linlonenc, nlay alleviate

the autoinhibition, which leads to fllrther ethylene production induced by inj(lry stress, when peel

d i s c s  w e r e  d i s s e c t e d  f r o m  f r u i t  o r  w h o l e  f r u i t  w a s  g a m m a  r a d i a t c d , H o w c v e r ,  w h e t h e r  l i m ( ) n e n e

actually alleviatcs the action of ethytene in citrus fruit ranlains to be investigatcd. Another explana―

tion is that certain specific cssential olls, stich as linalool, nlay bc involve(l in the inhibition or

ethylene production dtlI‐ing mattlration as sugFested by our present restllts.

Rlov eど aF.16)repOrtcd that 20ワち carbon dioxidc inhibit cthylene prodtlction of flavedo discs、

restllting in only 7.5°/。 of air control. Thtls, possible involvemcnt of internal cal‐bon dioxide con一

centrations、 combined with ethylene and esscntial ollsゃ cannot bc cxcluded in thc regulation of

ethylenc production,
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精油成分がカンキツ果皮のエチレン生成に及ぼす効果

水 谷 斗 敬

精油成分が成熟段階の異なる温州みかん呆皮のエチレン生成に及ぼす効果を調査 したところ、β

―
pinerle、myrccnc,p cymene,linlonene, γ terpineneは呆皮からのエチレン生成を促進 したが、高

濃度では抑制した。 8月 以降、linaloolはどの段階でもエチレン生成を抑制 した。容器に入れる呆皮

ディスクの数を多くしたり、容器内のヘッドスペースの容量を小さくすると呆皮からのエテレン生成

は抑制された。これらの事実はカンキツ呆皮からの揮発性成分がエテレン生成の調飾に関与 している

ことを示 している。また、温州みかんの成熟呆実のフラベ ドに含まれるlimonencは13.5/Z1/gf.w,、

linaloolは0.155/ィ1/gf.wちであった。
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