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Gas hydrate formation and effect for plant tissue.

Hiroko Noritake-Ando!, Toru Suzuki!, Seiichi Oshita?

For understanding the process of gas hydrate formation in plant tissue, onion tissue structure before and
after Xe hydrate formation was investigated by using nuclear magnetic resonance (NMR) spectroscopy, a
non-destructive technique. The gas hydrate formation in the tissue was observed quantitatively by using solid
echo method. And the cell structure change in the tissue depending on Xe hydrate formation was observed by
using MRI measurement. As the results, it was confirmed that change of the tissue structure with Xe penetra-
tion and Xe hydrate formation was observed clearly by using MRI measurement. While Xe hydrate was
increase in the onion tissue quantitatively, the growth of Xe hydrate was observed not only on the surface but
also in the inter tissue. Furthermore, depending on the hydrate formation in the tissue, cell membrane in the
tissue was caused damage significantly after Xe hydrate decomposition through observation of water diffusivity.
It was suggested that the property of cell membrane changed significantly by formation of Xe hydrate in the

tissue.

1. EUHIC

HANA RV — b DR A A =X L0F, KOBELBE
KT A DGRBS 2HH, s IhoDBROa >
Fa—¥—Y3al—yaryOiifly, i ickats
T3 (Salon and Koh, 2007) . ¥k B W T H
FREED A g = R WX 2 Bk &, A ANA R — b
DIEHICET 2583 T TE 2.
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LW ANA R r— MBI T 20321k, 1961 4F,
Pauling 284 4 =2 AZETH ANA N L — b RS G &
B0 BB ORRERE LIcFICHhE 5. HiE, K
BEDOH A E LTRSS T WS Xe 72 EWKICHEIFET
L EKT U ANA Ry = EHLK., 2L T, &
ANA NV — b OGRS 28 7 BEOREE AL
BN DR DA & GBS 5 2 8T, ZHoDF
FT5ESETDAY VT —27 CHIRE2E 2% L FHIL
7z (Pauling, 1961). % 7z[@4, Miller (1961) % &5
JFREEA 7 = AL L LT, Xe % EDRBMES A 53T DR
D CREICHEE L 72K L, IO TEEIEA S HE
KoREBMEOERT2RET I EERBLE. ZTDHK
129%e D NMR i & 2 AJbEAT I & - T (Raftery,
2006), Xe £ v N7 BEOEMEYE L OFEE BT
Lk Ix 7 a Nl d DD (Cherubini and Bifone,
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2003), EHIZBIFE2HANA FL—rR0nb O % REE
LU T2KDER ZRTICIZES Tukwn., 2Rk
SEIZBWT, RPMREEAOFHOB S & BhFEM
ZRWIZANA R — b OBRICE T 2 RGN fTbhiz
(Huang et al., 1965). =¥ » A% « 45 AREAL OHM
faksss = A RS 2 W CBIE T2 2 LT, X ANA
RV — N OBEBREOBRENRA SNz, LrL, B
K7z [ D & %k %2 FEBHEOIRE TI D ] 5 Z L T X
3, WA B = X 2B B HFgEEEE, AR BV
THHANA RV — b O EEEIFAT 2 13 ES 7%
Mmooz,
FITEHRZEZ, EVHEBICB I 2 AN, R — b D
TRk % FERHICHER T 2 2 L 2 B, WO RWHES
7Y = AFBERNTHTANA F v — b O % #l%
LTCE. ZORER, BMARXMENEE XD, 5°C,
0.8 MPa ® Xe FEMNIZ TH <+ F kI Xe N1 R
V— BT 5 2 L RHER LIz, %72 NMR SRR
MEHZTL2LT, A FHMBIT S Xe N ¥
V— D%, Mz IEEORBICB TR S 2
ENTELZERHER L. (Ando et al, 2009). 245
DFERZREE 2T, AWFETIE, ¥~ 2 BT cB T
BHANA RV — MNER 7O A 2BZET 22 L 2HW
2, XenA Fu—MER - RS B8Rz Y
Dy Fxa—kic & % EEESOHENE % v TRET L
7o, PERTC, MBNESOZ LR BILZ T 27- %, MRIH
ExfToM. Els~2FHMBIT S Xen{ FLr—
MERIC X 2HERHET L5209, A7 432y
T4 v N3 —RIC & 2 EBREGIE & D MR E
HoOZEEHEZE L. LT, IWoDfERE2S LI,
<A FHFRIC BT B8 AN FLv— b OBEK 70t 2
B OMBHROEBEIOWTH LI L E L.

2. HRIERBRITE

2.1 ERoiEE

EED Y ~ 3 ¥ (Allium cepa L.) ZHEALL, B
HIZ 4mmX 4mmX10mm i¥IH H L, NMR HiE
HBAE (1.0 MPa) I AfL7z. Fig. 1 @R $TEH
iz =y bZ@L T, FHSURE 5°CIlcT, HEEN
12 0.8 MPa @ Xe (99.995%, AR EFHEMEANEH) %
HA-FEH L. Xe 2E AR, BHSAIHEBIE, F
PHSUREE 5 COMRIREICIREFES iz, 72720, AWIFT
1k Xe #H AN S 3R, HApECHEY52 T, ¥~
FFHFIC BT B Xe A R v — SRS O 22
L7z, F1REFCHED Xe FEDER T RIS 720,
H, SEEWNIE Xe A L.

2.2 HZRNARL—KNEMEIEDHEIE

25 MHz @ '"H-NMR & (JNM-MU25A, HABT
®) ZHWT, F~xFHBATD Xe N1 KL — MEK

i, K T W —

HEDRER{ToTz. NVAY =7 21iEY ) vy Fx
I—FEEAVEEDRLUEM (TR) F30s, EERHIX
16EE LTz,

BN — BRI 90V A ZIBE T 5 &, 7 DS
#%, FRtho 7 e b OO FIMIF IR B H
FEHBPEEL T, ZOBMEMO FID &, F55#E (S)
ELTHEIEShS. LaL, AN 2 D5E% 2 #EER
Bl (T2) 2Fo 7 v b U BEET 25F, In(S) vs.
REfE 70y ME 2 DOER ZMES RROEMRERT Z &
BEIoNTWS. ft-oTX (1) kv, Hs5ihiz NMR
FEmE (S) AW THMTOEE LK T 7 e b > oH
EMWEHETE % (Gribnau, 1992) . KEFZETIX, ZDFH
EERAOTY < A FHBAICER L7 Xe 4 R —b
DOFEES FBTOKCBT S Xe N RL—hc%
{EL7zARDEE) %Rz,

S—L
S
7272, 90 SV ABHFEROFESHEEZS GEH

DO7u b o), SEHEEOSREOFESHEZL

EL7z.

2.3 HEBASESOHE
A A=Y T H7u—7%fEL 7z 400 MHz ® 'H-

NMR A X7 b )V A—=%— (AV400WB, Bruker) %

v, SVFRAFA4 AAE >y a— (MSE) ki & 3

FEARNER D T M E R OWE 217> 7. WIEFR, F A

NA R v — s OfBEERL Tz, WIRESR % v CllE

EROWRE R 5°Clcfr- 7z, RO NE R IL, iRk

BOEA0.5mm, FFHEER (TR) 1500 ms, DR L

¥ (TE) 8ms, &R 8 |, Hf~ MYy A

128 X128 DEMTHIE L 7.

SolidContent, % = X100 (1)

1: B2y 200NNz =y b
Fig. 1 Pressure introduction unit for preparation the sam-
ple.
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2.4 XD FDILBRBDAIE

TERHGSS AIBL XV A Fs A 2208 % {78 L 72 25 MHz O
NMR % & (MU25A, JEOL) # v, X 74 % a
Vw7 4y P a—3RIC L 2IBRBOME 21T 72,
TEEEEIRER Alms] £ 7SV 20E o[ms] % —FI12fE5
RS, WEANEE g[Gauss e ecm ] RS ¥,
STINEBET L, 2OMES R 2) Kit-oT
WET 5.

In(S)=1In(S,) —D(y-g-8)2 (A—6/3) (2)

13 'H OREEIAEE L T 4258 Hz » Gauss™ C
5. (yrogfA—o/3THLTIn R) 271y bL
THE SN ZEROMES 2 o LB (A) BT 2
B OImLERE Dlem? « st 2R 2. K5 T
1%, BESATETEIE 13 21.0~49.2 Gauss * cm™!, HEEUE
IR A 1% 20~500ms & L7z,

ZZTy

3. BR

3.1 Xe/\MRL—KFERK - RRDEMHLZEL

Xe #HA « RIFICFED ¥ <~ 2 FB OB O %
Fig.2 2" ¥ . XeHf A» o 3K, ¥~ 3 FHEM
(Fig2(2)) OFRMIZEEBEOWENER L. 3T
XAREHr &L 0, &~ 2 FHEBICTEL T 2 BEEEYE D
Xe{ FLv—hTHBILEZMHERL TS (Ando et
al, 2009). AREFFECTHEMALY v 2 FHBCBLTH,
Xe #H AP 5 3B, Xend Rv— s BEEKT % Z
EOSHERR S Tz .

HWESNESBRE (S) LEMOBEKR%E Fig. 312
AT, HALZ NMREBOHEEE2HEEL C, 5
57z NMR EESEEIC B W CEIEG 10% R0 R 1%
A LT L 7. AEEHA (Fig. 3(1) B8 XU Xe HA
EHOMR (Fig.3(2) TiE, 1 ODMEEH» 5% AR
PEZEI Nz, L, SMEOZbED Xend FLr—

(1) Fresh tissue

(2) Tissue formed

Xe hydrate
K2:5°C, 0.8 MPa ® Xe SFEH AHIBRICBIT S8 <4+
FHR% D SMEZE L
Fig. 2 Visible change of onion tissue before and after
introduction of 0.8 MPa Xe pressure at 5 °C.

N DR HER S Wiz Xe B A » 6 3 KEfE# O MMk
(Fig.3(3) Tix, 2 Oo0fEE» 52 2 EFICEILLT:.
o T, FeAFHICIZ, B2 o0EHMEE2R-
7270 N UDEET B LRI N BLEE 2R
O MDD T BFFELUIER, Tus Thoiz. HWE
AWz NMR 2@ 1%, 900 %L 2 EE%, NMR E5
PREENEETI0us DR Z2ES 2 (Tv oA
L), TORRCIFEFHRCEY T 0%, ARICE £ 3K
(Collett et al., 2006) =K (Overloop and Gerven,
1993) 7z FEAFEENC B W THZEs NS . 7, BED
MECBWTIRD XY VH AN, R —hD 7T b >
DT%, W0us AT TH 2 Z W& T3 (Rip-
meester and Ratcliff, 1989; Kleinberg et al., 2003) .
W->T, FxAFHMTBZE I NI RFD T = Tus
Thd7u bk, BEL: Xe/nf RV — MIZHKL
T3 EEZL5.

INSOFERZEE Z T NMRESHEE LD, 3k
RO FEEA & WEMICEAET 2 7o b oEEREHR L
7o, AWHETIE, EEEOEIS % Xe N1 N L — MEEK
HEL L, Z0OEZ2Fig 4R d. Figd X v,
Xe At Nv— b NERKER, Txbb Xei AL S 3K
M OMITIZ19% D Xe N4 RV — s BEKT 5 2
EDWREN. ZOMBEZOEERET L L, RIFL

(1) Fresh tissue

>

_‘E" (2) Tissue applied Xe pressure
2 (not formation of Xe hydrate)
& [ irttissnmmmssmsnm st mastetsesnidemsomosasss s
2

2

2

£

©

5 [«

« ' (3) Tissue formed Xe hydrate (3 h)

0 250 500

Measurement time after second pulse, s

R3: YV Yy Roa—sSy2Ay—7 v A%MAviz NMR #IE
Lo TN Xe A Py — MERHETEO NMR ¥ 7 7
Wy — > DZAL.

Fig. 3 Change of NMR signal pattern in onion tissue
before and after introduction ofXe pressure by NMR
measurement with solid echo pulse sequence.
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Fig.4 Change of Xe hydrate formation ratio in onion

tissue depdending on preservation time. Error bar shows
maximum and minimum values (n=23).
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H#, Xe A Fv— MEEEIGIE 30% F CmL, #
7 5 HE DML 462 DMK D ADS Xe /v A K L—
FAEEML TR Z ERbhoTe. 2Dk, ZDEHE
HEOWEMEIPOEL, RETHZ>TH 8% TH-
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7.
3.2 Xe/\1RL—NERICHESHEBATESDZE

Fig.5 12 Xe A F v — b ORI FE S MBI 0%
{bEHZ L 7- MRI E{& %77~ 3. MRIE{&IX, ®RD
K NEF I EE, DR nid R WuES I EATRS
NnNa. 20, BEERONKTHZHANA R — 93
BT 2 L BEBTREINS.

Xe ESHTINET O AEEES < 4+ F M 1%, HBAET
MG IR LIS R ons:. bbb, Mo
VN— N XY MW 5 TROD DB OEFAEE S 1
7z. MRIE{RIZ B W T, LEHEYHEBRANOMEa >~
N—I AV IDBBESNE ZEBRBIERENRTVD
(Kockenberger, 2001). #E-> 7T, &fty ~ % FHHR
BWTH MRIE®HE DM > X— b 2> BT
EletFHEzonsd.

MRI i TRIEE S L7z MRS O MM E 1, 0.8
MPa @ Xe 2L C» 5 1 g XeNnf Fr—©
FRHD) BHlshic < o7, BBEOWHIRIZB VT,
XelZZAED b, RBECHEBLLT LI ENHEINT
3% (Cherubinia and Bifone, 2003). #D7=&®, D
ZAix, Xe OMBEEE (V Y HEE) ~DOERE AR L
ZlheFzonsd., —h, Fig. 6 KR TEHRICTO.8
MPa OS2 AL 74880 id, 1% 3 R L
THAMOAIHE I Z O EEIZR ooz,
- T, YRR S 2L T b Ml L 5E L Uk

After 3h
(Xe hydrate formation)

After 1d After8d

Upper

Center

Lower

[ 5: Xe A FLv— MEEHTED Y < 2 FHBAEBO MRI HE%k.
Fig. 5 MRI image in inner onion tissue before and after Xe hydrate formation



I B 2 F A4 R L— F DK 101

Tissue after N,
pressurization for 3 h

Fresh tissue

X6 MRIBIEIC &> CTHS NI Y ~ & FHBNEEE
X3 % 0.8 MPa DEREDHE.

Fig. 6 Effect of 0.8MPa N, pressure for internal structure
in onion tissue measured by MRI.

WZEWRENT:., Lo THEBI NI, Xe D
fRICHRLI:E(LTH S EF 2 6. LaL, Ml
Xe {4 Rv—tBEET 2 & Xefdnk v 3 K%
DR, B, MlafEES U EErE s s Z &
PR E Nz, 2Dk, Xe At Nv— 1+ DERK - E
LI, BN ORSE DAL TE VWA v K b O
ERBEINS LD Cxot. S HEOMRTIE,
ZFOARY PRIFFICREIERL TV, ZOfkRE
WARY M, MEFOWBAEDOAL Xe N1 FLr— b
ZEL, FOEFHENMET Lz IcBEShIEH 2
SNz, E7-4R7F 8 HEOMEB T, ~ & FHEBOUA
WHEREE L Tz, ZHIGHEMBREE O KRS ED
XeNf RV —MANEZ L LTz IBEE NI EH 2
S5N5. ZOMKEY <A FTHBAD Xe DRSS LUV
Xe A v — MEEICHE S WEliEE 02 tid, Higko
B - FULER « TEO T ROGFFCHE S, ho
DFERE Y, KIFFROFEESFMFICB T Xe N FLr—

8.0

7.0 §
6.0 |
50 |
40

Ln (S)

3.0

R#=0.99
20 ¢

1.0

0.0 : '
0 100000 200000

(v-g-0)2 (A-3/3)

R7:A=20msFEOEFESY 2 FHEHBMICB T %2 In(R) &
(yog)2(A—o/3)DBIE.

Fig. 7 Relationship between In (R) vs. (y6g)2(A—6/3) in
fresh onion tissue at diffusion time A=20ms.

MIFRROKRE 2T T, HBONIIC LK T 5 2
LOSRENT:.

DEORERLY, &~ FHE Xe SENICHET
52T, BN Xe X HOWCERL, £ D,
Xe N A N v — b ORHEHKS SRR I — RIS
2 EMRENT. Z LT, REFCFEY, MRoRERZ
JTRLNEBIZBNTD XeNf Ry — M ERET 3 2
EPRERRE N
3.3 Xe/\1 RL—NFER - BEEIC KX DHREEANDE

&

Fig. 712, A7 4 3aVvy T4y Fxa—Ex2Hwi
NMR #IEZ BT, ILEEBIHIRE A=20 ms DT
HIE S 7 AR D NMR ES5EE In(S) vs. (y-g-
0P (A—¢/3)%7ay b LIRRERT. ¥~ FHlER
FOAKDIEARID X, ZOEHOMES TH 2. AW
IZBWT, 2O In(S) vs. (yrg-0)?(A—6/3) 7Ty
~ OEAREARIE, Xe N1 F v — MEEREZOEBIC B W
T, TXTCOILHEHER (A=20~500 ms) THEIH
aEn.

Fig.8icfEohzD & ADBEFZERT. 721,
IRIGEDOREE 2R LT 75729, A=20~500 ms
DEMHTHE SN IEEBEED) 2, 20 Th A=20
ms DM THE SN ERE (D0) TH-SER

1.2

1.0

0.8

0.6 r

D/DO

04 +

0.2 r

0.0 ' '
0 200 400 600

DIffusion time, ms

K8 :Xe A Ny — MR - BB D 5 ~ 3 FHLMRIC B T
2 RS FOHIRILHEIRE 02k, LfEHE (@) s Xe /A F
V—1 (8 HRRT) B - Bt oM (O) 1 0.8 MPa
BROSENCHREL B (@) .

Fig. 8 Change of restricted diffusion degree in water
molecules of onion tissue before and after Xe hydrate
formation and decompodition. Fresh tissue (@); Tissue
after Xe hydrate formation (8 d) and decomposition (O);
Tissue after pressurized 0.8MPa N, pressure (@).
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M7z, NMR %AW 72 38RO BEIEIC 5w T, Mg
7% ERGF O B IEAHIR S 7 5 % TR HABOs IR
i (A) ofEIMctE- T, R OIEREDEA L,
RN TC—EM & 5 HIREBE SRR SN S . HYe
BRI B VT, MRS AR FOIESSHIR S T
WA, ZOGIRIEEHRKNEH I NS 2 ErFHIs N
Tw % (Anisimov et al., 1998; Clark and Bihan, 2000;
Kinsey et al., 1999) . AWFFETHERALZY v A2 FIZBW
THAEHEE (@) T, A OBIMIFE-> TR T DOILEL
REDED T 2 HIRILEER BRI S iz, Thbb,
A=20ms O, DX, 1.56X10°m? s ! TH o773,
A=500ms T1.05X10°m? s ! x>/, Z D]
BR¥LEE, 5°C, 0.8 MPa @ N, SFFEWNIZ T 7 HIE#
EIN-HE (@), Tabb, MEMNCEZAINS
N-BE CHREI MBI LT BEIS . Eo
T, GREPYER S SIS & - TR O MRaE D
ARFEEECE T 2RI L 2w Z LR E N,
—77, XenA{ Py — MR- BB (BREFIHRT 7
H), i (O) OBIREBEIRITIF L A CBEI R
g ol HREARBUIIABBIAIRER (A) Bb 57,
#11.26X107°"m? » s & —EHEZHERE L Twiz. ZDkk
LTI ER DIH KL, AR B SRR 2 SRS « MR L
e EIBEINS ZEPHION TS . BHEORRI
LhE, AR BV OKERED R,
Tl o MRBRALER A S AKBEIBSICEVWE L WG 2210
LZEwbhTws (Ando et al, 2011) . [FREIZ, H AN
A N v — MEEL - fREELE S, RHERAN OMIfEEC 2 L
FTA=Y 52, HIREOEELET U7z 7 RO K
EEESER LI EF 2 oz,

4. ER

KWtz ofER XD, 5°C, 0.8 MPa ® Xe 3 EWNIZ
TH <A XL, BN OKEZHRLZIZ Xe /N1 FLr—
PAEES S Z EDMER SN, FFETIEZ DR
72 6720 Tix <, FHRRSRE - IR B W TBAL - B
LT ZEEMBER L. BBEFEOHFICB VT, Mou-
drakovski & (2004) &, MRIBIEIICTA V¥ ¥ >~
ROM/NZ TG B T B X5 > HANA R — s DI
WRIZOWTIRE L7z, %513, Ke A AP E LY
L5ZEDBRVRIEBNTY, HANA F L — MIKFER
W& DR LAY, FE LD WENCHRZ IR L Tw
ZekmLiz. UL, YA XDBIEFITNSIVWRT
X, WWRNEE L D 22K, B ANA v — DB 255
EbhHrELTVS. ZOKEW/ORMIe LYy g
X, MR S 75 BT TV & U C S EFICEE T 2
FTHHHEhLBETHZ (777 X, 1989). —
7, Btz v > (EO) KRR ER W=y VB
BIUEHAMEKICBT 2 EONA Fr—1 O - &

i, K T W —

E2BEUIEE, 7 A4 v — b 3figo Rk
B BET A2 EREBEEINTWS (Hulle and Fen-
nema, 1971A, B). L T, ok, # AN FLr—©§
DRI ERE R B S 1L 2 ffa s & [ERkc, #1
Bt & DR T 5 EBR L, TANA FL— 28
R « iR 2 2 & CHIlIE 2 0030 5 & LT,

KR TIIARE I CEHEEDH 2 52 LT, HABFT
Xe N1 Frv—MEEOEREERTEREZTV, Xe A
Fr— 2R - ES®. 72, ¥~ FHEBANO
HIFZ DS A R13HI 150 pm &K E . BEHEDHIFE DO FEH
RINSDIERFETLE, AFETHHALLEY %
FHMETIZ, SIS & OMBBLLE L D Xe N1 R
V—NOEEBEI o eFzoNS . ¥ <3 T
MRIHIFFIC BT, Xe /A N v— MERE & O %
2, BB CEZE s e £ O eSS H OBZ S
B, BN OB i 2N A Ry —
W LIzl eEzonb. £z Xenf Rvy—LHE
BREIEOHE LD (Fig. 3), A OEBREETH S
5°C, 0.8 MPa O Xe 3 FEH T3 AN DK D # 50%
L XenNd NU—bANEZMLE D EBTER 1o
7o BHEORFGRIC B WT, 3 —bt —KERIZBIT % Xe
NA v — b MEROBZENTbil, XeN{ Fv—1+D
IR T — & =D EE S L5 LW RGN L S
7z (Purwanto et al., 2001). fit-> T, & ~ % X%
WCBWTH Z DI HEOHBNER S ERE L, Xe
4 N v — MERICLEZRRE - ENOFRENEb Tz &
Fzons.

EEHME I B T 2O REFHR T 2L (777
A, 1989), BNz B W T Xend Fr—F 2
B - BGRT 5 LB oOMEfESE IcOn AR 52 5 EF 2
5Nnb. OBHOFEL, HIREBRROBIZECL > T
N E N RS OB O KB OZ L £ L THIgs
iz, XenAd Frv— 1 OfEgkEd, fHk» o Xe DA
AN LS T 5. 2D, Xend Fr—
MZRE - B O FHRR O M KK E @ DK, Xe
NA Rv—rOEELFICk > Cl&RZani-&lkT
BRWwEEZONEH, FORBBEZEHEL -HEE,
Xe A FL— 1D - BEICHEI B RKRE W EFH
Zoenl.

AWFEOFEREZRANCHFLZ L, &~ 2 FHBcB T
3 Xe N4 R — MERE 70t 2 % Fig. 9 ORRICIRE D
iz, KR T, ¥~ A FHEBE Xe HEFCHFHET 2
&, HAAGFIXMBAEIHL , BHRE O Wl
LRWCEREIRD 5. 208, ZOMIIEICE Tz 4 X
5T O MIBAN DK Z IR 5 L HR2, HAGFO
IR L - CHBROKIIfEELE RO 5. 2 2 TIRE)
72 & OAMIRREASIND 2 &, FREERE CHE S 5
P BRR L Z 2728, A APEE OARIHE >
T, MIBEHNTH 24 Ry — b OBEBIR I 5 (M58
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. o

‘Plant cﬂ;
-

In roduction of
gas pressure

Gas
., molecule

Noble gas molecules diffuse inside of
the vegetable tissue at first. After that, it
starts to dissolve in protoplasm solution
through the cell membrane.

While gas molecules dissolve in the
solution until saturation point of the gas,
water molecules form labile clusters
around dissolved gas molecules, that is,
structured water.

lShockH

‘ Gas hydrate
£ Suddenly, structured water turns into gas
hydrate after accepting some physical
shocks. Particularly, the formation occurs
frequently from near the cell membrane
depending on the gradient of gas
concentration. Once the formation starts,
the gas hydrate continues to form until bulk
water in the tissue is used up.

X9 : fPIHRIC BT B4 ANA Ry —MNERA A =X LD
5%

Fig.9 Hypothesis of the gas hydrate formation mecha-

nism in in plant tissue.

HANA R — M 7 a v R) . ZO@ETIE, &
AYRE DA HE > T, AR & MR R S AT
HANA RV — MDBBEREINED, HANA P —1
R FEOHIFUE IS 2 5 A — OB T LD & F
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