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F1E &

1.1 KDESE

1 &UJE TR 72 K O FEEE U 0°C TH Y . [RIRF PEa & [ CIREEIC R 5,

R R PR TIOK GRFR) Lok (EFR) AEfFEL TV DIREETH D, 2D X
2 7RKKODIRRETIE, B EIZ L T IRIR 2 IZ R3S LT < (BEURIZZ2 5 T )
LD, L LR G, ERICHKMIET OKREHBEI L TV & 0°C THE XA
B9 0°C LV AKIE CTH Licd 5, 2 OflrkeE A L 0 ARIE £ THiRAEOIRAED e w
TWDZ EZmmA LV, mmAMKEBITEZ ERETH Y . T <MEDKTIIKED
AT HUE Z OREDRKI —40°C £ TR Z ERE SN TV 5 (Langham and Mason
1958), ZDIRETAKIINW D & ZAHTHRKE (A% &R LT, BEERK
K-> TEFSITHRET D, ARLITK (HEHE) T D5+ OEERR P23 L FENC L - THAE
L 5 %5 (Turnbull and Fisher 1949), MERFEEREIC L > THTOEF VN T, £
DRE S EFMIL > TEDEFE Y BEIMZ R D0 E D DBRED, AIENLTT
T DIMEN L ERARRE TH 5,
B I ER A RGRE £ TRPIEEEIREZ RS Z L1TIE L A LR U KITIBALTY
LYK BEE L TV D EER EDORMEIIR R E ORI L - THWHEBABIRE LY
RO COKENAE U THEN IR E 5, ZNEREEZARE VW, HEATEDO X D
(R B E 2 PIKRE M AIT 2 &0 RIEAERIC K > TKBEET 5, —J7, =
~Ya SRRV EA pm DT OBUNRIERE AR T 5 Z & TERYOIBAEZIZ T
KEBHT D & RS BEDHAREIRED—40°C < $ CRHAEHEFT 2 Z & 28]
BTED, ZOXIICLUTRINIRIERET 5 Z & THWEMAKIIFHIN S,

1.2 KX YBEWERETERSEDKEIEAYE

ANd L7z X912, KIZOT R BEMIBEANT L7207 T, ZORFERENKE < EHS
5o ZOXITKOBREIRE Z LR SR OKBENE) 236 2 WEITKEIE MW E
EREEN TV D, IKEIEEIEIZ W T IFRRFO 5B THER R ST D |
WEIFN L 72 K& TR DB ER S D72 DK DOE & ISP EE S o
(BT EE DI 3 U kR (AgD) b, K—4°C TKEDIE BRI S 7z OK
R E R L2 0WRETHD L —20°C TKENER &5 ) (Vonnegut 1947),
IZ H P TH 5 kaolinite <° dickite. anauxite, halloysite, illite iZ—10°C Fijt% C
KEETERT D 2 EBNREN TS (Mason 1960), & 512, I U bERIbE 292 &
2" bl (Culz) % 3HIFREILIZWESETbDODIEH A, = VLM OGA &
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DY 1°CREBREEN EH L T—05~—1°C TKENEMREIND Z & (Passarelli Jr
etal. 1973)°3 U kel (Agl) & RALER (AgBr) A ILLE S w728 O TH RBRICHTEIR
MK 1°C EH-LT—1~—1.5"C THfE7 % Z & (Vonnegut and Chessin 1971723
HINTND,

Fo. LAY THOKREEEEZ DO ORMLNTND, 2L AT E— /LT A |k
2T urip AT A FEEHead 1961, 1962a; Fukuta and Mason 1963)<° a-7 =
¥ (Head 1962b), A % 7 /L7 & K(Fukuta 1963), a-7 /L E R/ —/Ld i S+
72 a7 EOT VL HH(Rosinski and Parungo 1966), A F 4 =201 1|
AyuA vy, TARTIX U EDT X/ BE(Power 1962; Barthakur and Maybank
1963; Parungo and Lodge Jr. 1967)73~ A 7 2#°C TR EZ K TE D01 H 5K
BIRWE & L CHlE STV 5D, il Tld, v VX a v (Forsythia viridissima)
HSkD Y 2 Ol 7 e 1 KR @O KEETEM: (B WEE TR T DHEH)
NHHZECENINE 20120, AV 27T N (Betula pendula) <203 —11 v /X
7 J1~" (Pinus sylvestris) 72X DAL E D P EHEE S NDED TLEW
CKETEER 5 D 2 LD HE STV (Pummer et al. 2012; Dreischmeier et al.
2017), Z D X 5 WK OIKBETEHEE D b DIZONTIEH E O MEN VA,
T I 2OKEEDTERL (BfE) IOV TR L 7oA mAEAI L T & bl k
STIE~A T AHC THMEIZEDEBENRHLOND Z &L, I<BHIShTWD
(Quamme et al. 1973; Kader and Proebsting 1992; Carter et al. 1999; Ishikawa et al.
2015a), MWNHAET H25G. BH T AT 7 A NOKPBEFEDNEE D, ETMWEH
DY ORI E T2 T2 < AHE LTOKEME S 2 WITHERLE R EOKIZE>TH
FIEEZSNDAREMED D D, T DT, PR E LI Z 1T > TH L HREIRE OKEZ
FERRE) ZHEL T, MBEEN L > TV A KEEEZBREL VD200 H 5D
(Ashworth and Davis 1984; £7)I| 2014), — 7 CHEMHROKEFERWE & T, =
ORI, MR 72 SN2 L CKOKEIER () 2~ A T A°C Tol&#E 2
FTOKEMEBRROKEERDE IO T LI TS, KEMEIZIE
Pseudomonas, Erwinia., XanthomonasJgDbHLONHHLNTEY, WIhb~A T A
#°C CHifE# 5] = i Z 9-(Maki et al. 1974; Lindow et al. 1976; Schnell 1976; Kim et
al. 1987), 156 OKEEIEMEIT inaW, inaZ, inaA. inaX 72 & L4 AT STk~
YRIBIZE DB DThD, ZNHDKES X EDT I BESNITAENC LT
BY., T 16 FENDIRDET— T 60~70 BV K S5 R 7o %
#, > TV % (Green and Warren 1985; Warren et al. 1986; Abe et al. 1989; Zhao and
Orser 1990), Z DK LETF — 712 K DS DK D DG KA A v &
L TRk ST 5 (Garnham et al. 2011; Davies 2014),



1.3 KEZEEMEDKIZLEEEZMA DR EREEYME (BaiEEME)

AR L7z X 91T, @H ., KO BEZARIRE £ CERAENREBZ RO Z L IRZITEET
o KOH ’é% I OB ENRALTLE D Z EILlET 5T, %ﬂ%bv}d‘%ﬁ?
Eﬂz%’%f& U CER LT S ERA KGR £ 0 b @ K FIRLE TR O m AR RE D
THAFEIZW =D, 2D L9 RARYERAR A E Z J KR E DN AET D50 F Tl
T 2 50°C RN S DEMEME PN ER A SN TE 2, 2O XL BRIV
FHEME S L < IZEmAEEDE &I Tk . o <I1E 1980 FRIUC, HEdFE 1-fh
MR T I W KO AR ER AR (A ZEETIEEDRRWZ ST
(Caple et al 1983a; 1983b), = D%IZ, WA FEIZB 57 2 KM EE O KEZIEME & BHLE
57 2= T aN ) A REST AN VEHORE BN DR Sz (Kawahara
and Obata 1996; Kawahara et al. 2000), & 512, AZFEOBIAROAT M TIL, B84
T 5T OITHIRINER DK Z K —40°C BT £ CREIZEMIZIEMEANRIE ZHEFF3 5 68
EHTLHZEMD, EDATN=ALE UTKREFMIAPNE OMER KDY MIEER I
X o THIREAOK S 2> B IREE S LTV D Z & DIE Iz, AN O KBRS ERE Lic<»
REETH D Z &R EIN7-(Kasuga et al. 2006), =D, MBARDAREMHE O Y
DIKEZHEE O OKIEME A2 BLE - 2 KB I EEEZ & > T\ D Z &b | ZDiE
YEIX 4 DD 7 TR A REFHES 4 DONKGIES =2 XD 6D TH D LFAE
S 7=(Kasuga et al. 2008; Wang et al. 2012),

IS OEEWIKEMEAEIZIR ST, 3 U R T7 rm 7 vy ) —v Lo 7K
FVE DAFAET 2 KSR D WFEIRE 280 C K F S8 2 KL EEE AR LT, £
7o s EREEDNEHEEL L TALEIT O T HIEMHEHIE S 4L, 1EMEE S S-S <
> A & 7-(Kasuga et al. 2010; Kuwabara et al. 2012; Kuwabara et al. 2014),
ZDIENTH, REH 37 B (Parody-Morreale et al. 1988; Duman 2002)<° 7 @i i 4
#l(Kuwabara et al. 2014; Inada et al. 2017), &% &% 1(Caple et al. 1983a; Holt
2003), ~X7'F K(Tagawa et al. 2018)° 7" U > #g f(Tagawa and Kawahara 2017)(Z47
HINDILEMT LK ILETE DN & 5 Z LG SN TS, Rl Y X7 HiT
KR EDE & 138720 | KR MR CRGHEZoK OkE%) DR 28l L Ok %
R SERVENE OKEOREZMA GALREHIHZEE 27U R L)) iR
L7TEWIEPICH D2 DOKEMMREL 2D Z L 2 S HGMLIREEREEZ /T 5%
WNIBDZ EThHD, ZD, T4 H > TV DHERBITKEETE L EYE L 13X 872 D M3,
— DR R GIIKEE R L EEE D > TV d Z 35 T 5 (Parody-
Morreale et al. 1988; Wilson and Leader 1995; Duman 2002; Holt 2003; Tomalty and
Walker 2014; Bredow et al. 2017),

4 F TIOKEIERPLFIE S E SNz E b DD U 2 k% Table 1-la~1d 127~ L
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7= CKEERRLEREOR T EIC OV TIE 225 O Ru vy 7Ly MNEFEEOEH 2%
oz L), ZnaEHDEKEME Erwinia ananas \ZxF U CHRV N KEEZ R BEETEME DS
HHHLDTH>TH, LT L MOKEIEEMEIT S L THIRUVEMERDH D &9 Dl
TIRRNWZ LD D, ZDI2D, BT EWENMERT 2 L0 bEEOY
BENFET D50 S U EREE 2K Ik L CTHRIIAERT 6 2 &
MEZBIND, LIEh o> T, KB EEMEZFIH L CHRs 283 256 121%, K
B EDENERGETH L2 bOEERAT 2B LV RN ERE LN
LHAHEMENE 2 Bl b,

4 BED—RA LT HKEHME

—

AH

I

t_

B I XRIEM O EFEMECRE M E 2K T S EHHED — 2> TH Y | FERAEDORAES
FEMBIREDZ P LICELATOR TS, LLABRRG, BEICEENEDOL O 72
WHEEDORIMIZ ED X 5 IRPLCTHRAET 202 R T 5 2 &L, FBENPRET LRSS
FIMEES> TN DIZE L, LR TRIEMN ED L S e AN = AL THREL
T DD EEANTHERE, BET LI EbE LV, £DD, HEMERZ ILEN THE
T5Z L THREXASMIREIE T, BEOMEYIRT L2HENHONTE, Z
D XD R TIE, HEHE T ZMHT 5 2 & bIThIL TV L0, B TORENTE
AT DHEMEO X ST, AR BHEGBHIC L > Tm x5 Z EICEl S E 572D, BN
THSHHENC L0 SRR Z B AT 2 EEMMER S TERIMITON TE 24D
1978; Marcellos 1981; (L 5 1982; Fuller and Le Grice 1998),

717~ 79U (Morus alba) OHFETIE, #NTW5D & —5°C LL T OIRE CTIERKIH
fi LG 508, KZEFE L T & -3 CRETEZ ORENHIE L TLE D Z L2
HINTIHY AL 1967), EIHEBRNH L0 ENPEOHRREZELAT 5 —RE 7R
STWDEEZONT-, 2. W DOEIEIZ Pseudomonas <° Erwinia 7% & DKM
EAEL TV D Z L IFBEICH H T 2 23 (Lindow et al. 1976, 1978a; Lindow 1982),
WA Tl Sphingomonas O & KK T & 2 AIHEM: & RIE 40TV % (Waturangi
and Tjhen 2009), = L CINHOKEMENBEELZSISEZT—RER-oTNDHI L
DIRIE X3 T 5 (Yankofsky et al. 1981; Lindow et al. 1982; Hirano et al. 1985; Goto
et al. 1989; Cambours et al. 2005), —J7. F ¥ / ¥ OIFETIIOKEMEIZFIET 503,
F ¥ / % (Camellia sinensis) DFaE CTIIOKEME N LT THEIIMETEZ OBREDOL
D LT HHE S B %5 (Goto et al. 1993),

e
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RY 7= ) — VB AR LIS PEC P ETE A B0 2 L AE BTV D03,
Z DO— BRIV B ETE M & D M - BRAPEIZEID D 5 258 LUVERES AL &
7z (Kasuga et al. 2008; Wang et al. 2012), & Z T, HENBER T 2 K RHEY
BT L D BRE R Esh e % AR O BRFR 0] - B L DT IR TE 2D TidZR2 g
EBZTz, TR T TR A N EXKEIER L EYE & L CRE S BRI,
FFCBWTEOHEO—2 & L CTHABEE ILITHEH TE 5 A OVWTHFE A S
NTW5D, L L7t FEEEICHEY R ROKEEMALEDE # @ L= A 675
R, Fo, R UIALEWITEMAE < . WEFEOMLEDOTDIZITREICHET 24
HRH D70 FEREINTACEMEER T2 2 SI3BEN TRV, £ 2 TRIFZETIL,
IKEZIE RS TSR D i VLT A & 8k L £ DO & BAE OB ER LD 7= D D
ARBRICFIHTEZ 970 b 0% & DICHRBRIICR K L CTEM & 72 2R R K20 1A
Fr. T ONRAERGEE LTz, RSO Z OAFFEDOTAUT IR - THERL L 72,

55 2 B IR KETE AL ETEE O @ WKL ) 2345 & 4L 2 B IR 2 %88k L 7o/ R %
BT 2, RETIE, fliH e HEIE OB ETEMEZ UL T & | VIR TERE S &
BT DHPMEIORA 7 )V —= 7% ERETHD Fry 7Ly NEFEEZFIH L TT
ST, EDTD, BHIZAFTEL D MM B 2 BEER RO, MR E S ke %
FEEBRMEHI WD Z & B AR FEE Uiz, £ ORER, KR EEEOF R @ L 7=
G % R E LTz,

%8 W TIX, AU CTERK L7oHEA Bl DS U C & 7o it & v KR kPl
EEEET 20O ORED ETHEOE (HREMEIIR) 2RFETE 1 E H 0
TREND TR R R, 72872 HAKOWHRE TR L TV SRR OGRS B A% )
DD ThHD, TNEHEIDDIEE LT, BEROFIETIXE L2 b OR T 5720
STl RE DGO 72 LIZ XS HWOLNTWE Y —TF ¢ 27iEE | KEIE
FRBLEFIEMEZIE T 5 L I LS HWDIERIETHD Rey 7Ly MlfSEE S B
LCU =TT 4 A7 HFEEEZBRL T, O LTHLERH LN E I DEMENDT, &
S, BAREBROEMMEIDO—> &L LT ~A VY (Sasa senanensis) DIEH #HLY
B 2ot E O CEANFEBR AR L 7 FEBR R TR AT o T2, BEIEM OISR L
TO ~A Y IES Y & HUN L CTE OBHREIHIZNR 2~ 2 b O FE T E Y
MBI COBBEOMFENCHHTEDL LD THLHNE D NERRGE LT,

%4 FETIE, 7~ A Y ES YD O S AVTOKBTERBLEIEMER £ D X 5 7k
EMCHRT DD THLNZH LT L0 IEEWEDOREEIT O TREZT LI,
7 < A PH G ERE ST DK R B O HRE - R E 23k A 5 & 3z,
7 FR A NEOWE LKL ETEMEO A 8 & OBt EZZ4 LT,

BHEETIHIINDOOMREZRIE L, ZNOOEREZE L T, KAFAOEFEMY D
FIREO—2 & L THBEZ LT 578 & OKOBHE ZHlfE32 X 5 28] HIiz>0n
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Table 1-1a. List of anti-ice nucleation substances: proteins, polysaccharide, and surfactants.

Experimental condition Anti-ice
Substance . Volume of Cooling rate nucleation Reference
Concentration Ice nucleator droplets (uL) (°C/min) activity (°C)
Antifreeze protein
Dendroides canadensis Not shown Protein ice nucleator 1 1.0 17 Duman (2002)
Not shown Pseudomonas syringae 1 1.0 1.2
Dissostichus mawsoni 0.1~ 1% (w/w) None (airborne ice nucleators) 100 0.6 0.3~4.9 Holt (2003)
Macrozoarces americanus 0.1~ 0.5% (w/w) None (airborne ice nucleators) 100 0.6 0.7~15
Lolium perenne 1~2 mg/mL Pseudomonas syringae 2 0.2 1.0~1.9 Tomalty and Walker (2014)
Brachypodium distachyon 1 mg/mL Pseudomonas syringae 2 0.2 1.3~2.3 Bredow et al. (2017)
Antifreeze glycoprotein
Dissostichus mawsoni 1 mg/mL Erwinia herbicola 1 Not shown 1.0 Parody-Morreale et al. (1988)
10 mg/mL Hemideina maori hemolymph 3 Not shown 2.5 Wilson and Leader (1995)
55-kDa protein (Acinetobacter calcoaceticus KINI-1) 10 pg/mL Erwinia uredovora KUIN-3 10 1.0 2.2 Kawahara et al. (1996)
130-kDa polysaccharide (Bacillus thuringiensis Y'Y529) 50 pg/mL Pantoea ananas KUIN-3 10 1.0 2.3 Yamashita et al. (2002)
50 pg/mL Xanthomonas translucens IFO 13558 10 1.0 1.0
50 pg/mL Pseudomonas fluorescens KUIN-1 10 1.0 0.3
50 pg/mL Silver iodide 10 1.0 4.2
50 pg/mL Metaldehyde 10 1.0 0.1
50 pg/mL Fluoren-9-one 10 1.0 11
50 pg/mL Phenazine 10 1.0 1.0
50 pg/mL None (airborne ice nucleators) 10 1.0 0.0
Surfactant
Hexadecyltrimethylammonium bromide 0.1 mg/mL Erwinia ananas 2 0.2 0.6 Kuwabara et al. (2014)
0.1 mg/mL Silver iodide 2 0.2 11.8
0.1 mg/mL None (airborne ice nucleators) 2 0.2 0.3
0.1 mg/mL Silver iodide 6.5x10%~8.2x10° 4 21.1 Inada et al. (2017)
Triton X-100 0.1 mg/mL Erwinia ananas 2 0.2 0.1 Kuwabara et al. (2014)
0.1 mg/mL Silver iodide 2 0.2 6.9
0.1 mg/mL None (airborne ice nucleators) 2 0.2 -0.9
0.1 mg/mL Silver iodide 6.5x10%8~8.2x10° 4 19.2 Inada et al. (2017)
Sodium cholate 0.1 mg/mL Erwinia ananas 2 0.2 0.1 Kuwabara et al. (2014)
0.1 mg/mL Silver iodide 2 0.2 4.3
0.1 mg/mL None (airborne ice nucleators) 2 0.2 2.2
0.1 mg/mL Silver iodide 6.5x10%~8.2x10° 4 4.0 Inada et al. (2017)
Myristyl sulfobetaine 0.1 mg/mL Erwinia ananas 2 0.2 -0.1 Kuwabara et al. (2014)
0.1 mg/mL Silver iodide 2 0.2 10.3
0.1 mg/mL None (airborne ice nucleators) 2 0.2 -1.3
0.1 mg/mL Silver iodide 6.5x10°~82x10°% 4 1.9 Inada et al. (2017)

Anti-ice nucleation activity (°C) was expressed as the difference between freezing temperature of 50% of sample droplets and that of

50% of control droplets.



Table 1-1b. List of anti-ice nucleation substances: phenylpropanoids, terpenoids, peptides, and purine bases.

Experimental condition Anti-ice
Substance . | Volume of Cooling rate nucleation Reference
Concentration Ice nucleator droplets (L) (°C/min) activity (°C)
Phenylpropanoid
Eugenol 1 mg/mL Erwinia uredovora KUIN-3 10 1.0 19 Kawahara and Obata (1996)
a-Methoxyphenol 1 mg/mL Erwinia uredovora KUIN-3 10 1.0 0.2
2-Allylphenol 1 mg/mL Erwinia uredovora KUIN-3 10 1.0 25
4-Allylanisole 1 mg/mL Erwinia uredovora KUIN-3 10 1.0 12
Caffeic acid 0.1 mg/mL Silver iodide 10 1.0 1.8 Kawahara et al. (2017)
Chlorogenic acid 0.1 mg/mL Silver iodide 10 1.0 11
Coumaric acid 0.1 mg/mL Silver iodide 10 1.0 24
Ferulic acid 0.1 mg/mL Silver iodide 10 1.0 34
Quinic acid 0.1 mg/mL Silver iodide 10 1.0 2.0
Terpenoid
Hinokitiol 10 mM Pseudomonas fluorescens KUIN-1 10 1.0 21 Kawahara et al. (2000)
Hinokitin 10 mM Pseudomonas fluorescens KUIN-1 10 1.0 11
a-Pinene 10 mM Pseudomonas fluorescens KUIN-1 10 1.0 11
a-Terpinene 10 mM Pseudomonas fluorescens KUIN-1 10 1.0 0.4
Limonene 10 mM Pseudomonas fluorescens KUIN-1 10 1.0 16
Peptide
Trimer of tyrosine 2.0 mM Silver iodide 10 1.0 10.1 Tagawa et al. (2018)
Trimer of phenylalanine 2.0mM Silver iodide 10 1.0 0.3 AR (2017a)
Trimer of serine 2.0mM Silver iodide 10 1.0 0.4
Trimer of threonine 2.0mM Silver iodide 10 1.0 -0.3
Purine base
Caffeine 0.1 mg/mL Silver iodide 10 1.0 0.7 Tagawa and Kawahara (2017)
Theobromine 0.1 mg/mL Silver iodide 10 1.0 0.7
Theophylline 0.1 mg/mL Silver iodide 10 1.0 38
Uric acid 0.1 mg/mL Silver iodide 10 1.0 2.0
Hypoxanthine 0.1 mg/mL Silver iodide 10 1.0 14
Xanthine 0.1 mg/mL Silver iodide 10 1.0 11
Guanine 0.1 mg/mL Silver iodide 10 1.0 1.9
Adenine 0.1~1.0 mg/mL Silver iodide 10 1.0 1.7~9.2 SA[JE (2017b)




Table 1-1c. List of anti-ice nucleation substances: flavonoids and hydrolysable tannins.

Experimental condition Anti-ice
Substance . Volume of Cooling rate nucleation Reference
Concentration Ice nucleator droplets (L) (°Clmin) activity (°C)
Flavonoid
Quercetin 3-O -B-D-glucoside 1 mg/mL Erwinia ananas 2 0.2 2.8 Kasuga et al. (2008)
Kaempferol 7-O -B-D-glucoside 1 mg/mL Erwinia ananas 2 0.2 9.0
8-Methoxy kaempferol 3-O -B-D-glucoside 1 mg/mL Erwinia ananas 2 0.2 34
Kaempferol 3-O -B-D-glucoside 1 mg/mL Erwinia ananas 2 0.2 4.0
Quercetin 7-O -B-D-glucoside 1 mg/mL Erwinia ananas 2 0.2 8.9 Kasuga et al. (2010)
1 mg/mL Silver iodide 2 0.2 3.2 Kuwabara et al. (2012)
1 mg/mL Phloroglucinol 2 0.2 0.6
1 mg/mL None (airborne ice nucleators) 2 0.2 -0.6
Quercetin 3-O -B-D-galactoside 1 mg/mL Erwinia ananas 2 0.2 7.6 Kasuga et al. (2010)
1 mg/mL Silver iodide 2 0.2 4.8 Kuwabara et al. (2012)
1 mg/mL Phloroglucinol 2 0.2 21
1 mg/mL None (airborne ice nucleators) 2 0.2 3.2
Kaempferol 3-O -robinoside-7-O -rhamnoside 1 mg/mL Erwinia ananas 2 0.2 3.7
1 mg/mL Silver iodide 2 0.2 24
1 mg/mL Phloroglucinol 2 0.2 2.2
1 mg/mL None (airborne ice nucleators) 2 0.2 -6.7
(-)-Epicatechin gallate 1 mg/mL Erwinia ananas 2 0.2 33 Kuwabara et al. (2013)
1 mg/mL Silver iodide 2 0.2 4.0
1 mg/mL Phloroglucinol 2 0.2 17
1 mg/mL None (airborne ice nucleators) 2 0.2 23
(-)-Epigallocatechin gallate 1 mg/mL Erwinia ananas 2 0.2 3.3
1 mg/mL Silver iodide 2 0.2 3.6
1 mg/mL Phloroglucinol 2 0.2 0.5
1 mg/mL None (airborne ice nucleators) 2 0.2 23
Hydrolyzable tannin
2,2' 5-Tri-O -galloyl-a.3-D-hamamelose 1 mg/mL Erwinia ananas 2 0.2 23 Wang et al. (2012)
1 mg/mL Silver iodide 2 0.2 4.5
1 mg/mL Phloroglucinol 2 0.2 0.2 Kuwabara et al. (2013)
1 mg/mL None (airborne ice nucleators) 2 0.2 4.3
1,2,6-Tri-O -galloyl-B-D-glucopyranose 1 mg/mL Erwinia ananas 2 0.2 15 Wang et al. (2012)
1 mg/mL Silver iodide 2 0.2 33
1 mg/mL Phloroglucinol 2 0.2 0.2 Kuwabara et al. (2013)
1 mg/mL None (airborne ice nucleators) 2 0.2 5.1
1,2,3,6-Tetra-O -galloyl-B-D-glucopyranose 1 mg/mL Erwinia ananas 2 0.2 2.9 Wang et al. (2012)
1 mg/mL Silver iodide 2 0.2 3.7
1 mg/mL Phloroglucinol 2 0.2 1.0 Kuwabara et al. (2013)
1 mg/mL None (airborne ice nucleators) 2 0.2 4.3
1,2,3,4,6-Penta-0O -galloyl-B-D-glucopyranose 1 mg/mL Erwinia ananas 2 0.2 21 Wang et al. (2012)
1 mg/mL Silver iodide 2 0.2 3.1
1 mg/mL Phloroglucinol 2 0.2 6.8 Kuwabara et al. (2013)
1 mg/mL None (airborne ice nucleators) 2 0.2 1.3
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Table 1-1d. List of anti-ice nucleation substances: polymers and crude extracts.

Experimental condition Anti-ice
Substance . Volume of Cooling rate nucleation Reference
Concentration Ice nucleator droplets (L) (°C/min) activity (°C)
Synthetic polymer
Polyvinyl alcohol 0.5~ 1% (w/w) Pseudomonas syringae 100 0.6 1.4 Holt (2003)
0.1~ 1% (w/w) None (airborne ice nucleators) 100 0.6 2.3~4.6
0.1% (w/w) Pseudomonas syringae 1 2.0 0.8 Wowk and Fahy (2002)
0.01~1.0 mg/mL  Siver iodide 6.5x10%~8.2x10° 0.4 10.5~15.8 Inada et al. (2012)
Polyglycerol 0.001 ~ 1% (w/w) Pseudomonas syringae 1 2.0 1.2~6.6 Wowk and Fahy (2002)
Polyvinylpyrrolidone 0.01~1.0 mg/mL  Siver iodide 6.5x108~8.2x10° 0.4 5.8~12.8 Inada et al. (2012)
Polyethylene glycol 0.01~1.0 mg/mL  Siver iodide 6.5x10%8~8.2x10° 0.4 9.1~10.8
Methyl methacrylate, n-Vinylpyrrolidone copolymer 10 mg/mL Siver iodide Not shown Not shown 2.7 Caple et al. (1983a)
Seed extract
Simmondsida chinesis 0.05 g FW/mL Silver iodide 10 1.0 4.0 Caple et al. (1983b)
Prunus persica 0.05 g FW/mL Silver iodide 10 1.0 2.6
Prunus america 0.05 g FW/mL Silver iodide 10 1.0 4.2
Supernatant liquid surrounding germinating pea (Pisum sativum) seeds 0.025 g FW/mL  Silver iodide 10 1.0 8.1
Spice extract
Red pepper 10 mg/mL Erwinia uredovora KUIN-3 10 1.0 2.4 Kawahara and Obata (1996)
Clove 10 mg/mL Erwinia uredovora KUIN-3 10 1.0 10.8
Xylem crude extract
Betula platyphylla var. japonica 100 mOsmol/kg  Erwinia ananas 2 0.2 1.0 Kasuga et al. (2007)
Castanea crenata 100 mOsmol/kg  Erwinia ananas 2 0.2 1.2
Fagus crenata 100 mOsmol/kg  Erwinia ananas 2 0.2 1.3
Morus bombycis 100 mOsmol/kg  Erwinia ananas 2 0.2 0.3
Sorbus commixta 100 mOsmol/kg  Erwinia ananas 2 0.2 1.0
Cercidiphyllum japonicum 100 mOsmol/kg  Erwinia ananas 2 0.2 1.9
100 mOsmol/kg Pseudomonas syringae NBRC3310 2 0.2 0.7
100 mOsmol/kg Xanthomonas campestris 2 0.2 13
100 mOsmol/kg  Silver iodide 2 0.2 1.8
100 mOsmol/kg  None (airborne ice nucleators) 2 0.2 1.7
Food refuse extract
Coffee bean 0.1 mg/mL Silver iodide 10 1.0 15 Kawahara et al. (2017)
Red bean 0.1 mg/mL Silver iodide 10 1.0 1.2




%28 WEYmbmn o DKEIHEEEEEDRE

2.1 &8

B 1ETHEIT LI L 21C, BRFITITERA KB E DL Tnd, — T,
I R NAE ] L OKEE DI & 12 &1 5 (B 2 31H] 42 ) KB R L EWE (&
WEMEEE) NUTERi 2 L ST 5 (Table 1-1a~1d), ZH 5 OHIZI3AEY .
MR, faZR EOEMHRIZT TIERL, BlES FREBEENTND, L, kkx
7ROK T R B B OIS & 2 OTE M & OFEBIMEIZEE U CHIREZRIEE B E DT
Wiz, BURERUCIE, K A TG O A Criis 2 s X DiHEET 5 Z L IX T
T IEMERE L2 R S0 TR R ERDND EWHRILTH D, 72, 7 TR
J A REEASS, 7R EORY 7 = 7 — VEIZIRET UL, 2 b obEWix
R E FN TN D ZIRIHE TH D120, 4 F TITHER H - T-EWIZER &
T I BICE L OBV OB L EIEHERCH 721 A MTMA 5 Z N TED
Lo b Em B SN D aTREM T+ cH D,

— 05, i < BAFFEDMT AT E TR U E D OKIZIE R ORIEIIE, iR %
HNH T ATHATE SO ZBHI L, T AROM TH#< 5] X S 7z /Ko 23 ik 3
2 2 BAMEE TEIZE L CHUREIRE 2 JIE 9 2 HiE0, Vali Q97D HE L7z L H 1%
< OFINRHET 2 AT L TV & | 200 S ORI 2SRRI BRE L o < afe 2 Fi
TV Ry 7Ly MEEEE (droplet freezing assay) 2MEH SN TW5, R0 Th,
Fe v 7Ly MEREEZ. 2SNETIZELSOMETHOh LN TWA DO TH D, LvL,
TEPERE DSUREITFMEICL > TO LT OB s TWNDHZ ENREL b5, #ilx
X, WA R, T DK O EOSMT LT oo T D
ZENDDHTED, BONTERERICOWTH EMIZET 22 EREEL VY,

ZD XD RKOFREE I T 2RO B DAY OKEIERRLEYE) % PEEMIZF
AT 22 LIEFITEANTH S, HREEZRT 2 WERIIHEAETICEFEL, Hix
72 BAMEZR O WS E K, B OB 7 A Ous, KIBMRFT 2B O, B
PEMIDMBERENSH D, 2D X 9 RERICK L ORI EEEZ b OmEN LD
BESREZRET D0, EOLIITEHBHTHEATE 20020 TOMRGEL, FEH
WF7E & A U < IEFICEIRIRWRIE TS 5, T D78, KR EIE M & ey O il 7
TN TD 2D, WL DD FERZAITH Z LT Lz, HFEEN LD X 5 728744 T
O OBRZIE, KREDOLMITEEWE ZFET D2HLENH Y | ZOHENHHETH
L2 ENEE LV, D), BIFRNY» SIEMERS 2T L CRIAT 2 & v o Fit e
L7z,

S O EY O B 3 IR 2 RFEEHOR Y 7 = ) — VR A RIRETEEN
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TWAZENTREIND, TOD, T 2MEINEDiVUXTEEOREN /25 2 &
MWEZOND, o, BHEEIET 20BN H D K ) 7R BT Th, 1
EHOMBE LD X OB IRRMIEN L GUMEICh 720 . 2L OME A%<
ST OFHICERI LY L2 b O THIUL, I ES ORI EEENE < 72 5
ZEEFtmIcHY S 5,

F ZCRETIE, KR EE M A RAE O R FE H D I IR T & 2 ATREME D & %
EWFNEY % RO 5 7=, T THY OIERGR: &0 SR HHY O 5 HKEEE KL E
EEOENEDE R ) == 745 2 LI Lz, RIS BEN LR+ 2 &
ZHIELTWS2®, TEXAHRETMHICHE TS, hoREICHEMESGOND Lo 72
FHEE 7D Ko U, BRI T IE B E 2T OIS S L D it 2 FRE L
T OBRORECHBREAZHETE S Fa v 7 by MEFHEIC X - TS OOk TE
FBREFVEVE DO & Bl 24T - 72,
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2.2 #AH - A&
2.2.1 HEYEHG L UICHEHDRAR

201546 H225 9 AIC/h T T ALMRE R FHENICAETT 5 LTIRE (BRB R,
20~30°C) THEIH 72 3B [RAMWEE 23 3B (19 BH) . FAMEWMIE 43 308}
(23 F) . W OFELISN ORERE 6 3B ORAE Ik 4 308, B H ok 2 308
ZERECL ., fiE OB 5 £ T-80°C (TR%E L7 C1E L7~ (Table

2-1a, 1b),

R LT 2g OIEZRKRER T THOSBLTEAT7 I 2B L, 221
20 mL ORI [T b/ 7Kk=1/1 (50% 7 & F > /KIEIR) ] 2Nz CTLLH#E
L. BT« IO T T—RBEAHE L, ZORARKREEZ A KA1 L CUREZR
Wiz, AIRIZEENDTE N %E2 30°C Tr—X U —T/NKR L —X —Z i L ThrE
L7z, BV TSR A 36 2722 - CHzlE L, RO 21572, 2 bI3FEERIC AL
T5HFETA4C ORBIETRIE LTz, HED 50%7 & bkt oEmER (%) 1
BonmtmoEEEATMBICHER LZEOAMER CTHRETIZ LIV ER L,

2.2.2 HHEDIRN

ATE TR L= RoOfHE %2, K 1mL I LTHE0.20g HER) »oELNR5
NG ENDIE (0.20 g FW/mL) &725 X 91230 & o TSI e 2 i H
LTKIZESEBE L, £ 10 HRfiEH Lz, 2Dk, 15,000xg T 10 4y D050
(20°C) 217> T HiGAEUL L, T afhHik s Uiz, fHRIEEERE IG5 £
T 4°C THRFE L, #HRORBIEEX 0.20 g FW/mL OEE CRGEES AT A —
X — (5520, Wescor Inc.) Zf#H L CHIE L7,

2.2.3 KM E D

KRR Cd 5 Erwinia ananas TM2 (MAFF811106) IX Kuwabara et al. (2012)
DFETHER LEEERE W, BEMIZIZBLTO®@Y) Th o,

300 mL AED =7 F 22| 60 mL OJE L7z LB A EZHE L7, il E
ananas D7 Vttva—/LA Ky 7 &/VEREE L, 25°C ORFEMET—BRE (59 16 FefH)
200rpm THEAIEG#E L=, &2, 1 L =7 7 2212 300 mL O#E L7z LB K RE;H
ZHE L, Ul BRo—B&hiE L-E#iK A 10 mL Iz T 15°C OKESRFT 3 H
[#. 200rpm CTHEREGHE L7z, Z O3 % 9,000xg T 5 4y o L rEE (20°C) %3
Tho TIEY (HIK) 2157, ZOBERICESRARD 8 BIFRE DMK AZINZ THH< %
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L. 9000xg T 5y i LoyEE (200C) 28 272> T EEEBRELL, ZOREL
2 AR L, WIRLEICIR AT 28 EORM 2 TEX A0 RE L, 556
AT BRI AR 3 CHlths S, — B ERS iz R it U TRz L7285 R D E. ananas
KET-, ZOWBREREKEDE & L THWDEAICIE,. 10mg/mL & 725 K 51Tk
THE L7-%, IEEELZESELT-OIC 4°CITRE LT-WEHET 2 HMRFELZH D
Z LB ORI T D Z iz LTz,

Tura 7Ny ) —/L (P0249, F bR T3E) 13X 048 M L7225 K ) ITKICEHEMES
72t D& L CHEBRICHRA L,

I A vERIE. FEHERTC 20 mM = 7 bk U v ALK (164-03972, FtHisg) &
20 mM fEEEERKVENR (3101904, T H 7 A4 T A7) Z#iRG L, 3 V/LEREE 10 mM O
¥)—7p 3 v LERREIR 2 R L CEBRICHEER L=,

2.2.4 ) UBHY D LEERORAR

BB OFBRTHEAT 2V VI Y U LEERIILAT O L D ICTRR L, U kR
TV v L (28727-95, THTATAY) LV UERTKENY UL (28721-55, T HTA
TAZ) OFNEI 1.0 M KFHZRH L=, 1.0 M U UEEKE U o LKFIRIC
1L.OM U U EEIKEH Y 7 LKEEKRZ D L322 CTpHT.0IZLT, 1.OM U fEh Y
v LEEENE (pHT.0) A FRELL 7=,

2.25 KAy Ly MEREE

VIR DOWAEIREE OWE L Vali 1971 1282 Fry 7Ly MHREZ WA LI HikT
& % Kuwabara et al. (2011) O JF{EIZHEL TIT- 72,

ZORERCHE T 2 GRERISIR) 13, 2.2.2 TRt L7z 0.20 g FW/mL (ZHij 2 72 4 F
TR ORI & | 2.2.83 TRL L72KEWE CTh 5 10 mg/mL E ananas #EHK ., 2.2.4
TRLL7Z 1.0M U Vg0 U U AEfTHR (pH7.0), HEHik (XU QK ZiEA L THHE

U7z, 7235, RRBRIEE D4l oy ORIREE X, FE Rl 2% 0.10 g FW/mL, E. ananas
BRI DS 2.0 mg/mL, U UEEH Y U LREERDY 50 mM & 72D K9 IT LT,

FHOFM (12x10 cm OFIHR) (12 10 fEHx12 F1D \F Az EFFFIC ST 72 b Oz
B L, <IZHBNMNIERSZ2 I 2T 04 A (23306-84, T H T AT A7) THB-T-,
1 DO IFEHRRTICHOE 2 pL OB EOE T, OCCITHELI-=TF Lo 7Y a—
/XA (FP40, Julabo Labortechnik) (2> F L. 0.2°C/min O E CTHEIL 7= (Fig.
2-1), £ LT, 0.5°C A SN DT HRE U7k 2 51 Uiz, KT O BRAE TR 75 V)
HZ A BRICEVRER L CHIlT LT, Zds, Stk HIZITmiht 2 Ainpn=a o b
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0 — VIR & R ORBR CHT OR D K5I Lz, —~FEORBRIZIZ=T Y b e — /WK L
KRR IR 2 & ©IRIR. GRBRIEIR) =22k (20 Ll L) o, bl d
5 [FILL ERBR 21T o 72,

TR L > TELNTFER (BIERICHOW TR L2 0.5°C HOBFEEIS) 26 L1,
RERTICEY CORENET 202 -T2 7 7 (KGR Z1EMR L. 5
(50%) DN EAET HIRE (FTs0) 2H & iz, £ LT, 2 b —/LEED FTso
B> B FRBRISHL D FTso % 75 LS| W B O I L =R 22 U, KRR E
TG QEEEMRETENE) & A7 Lo, BRI D FTso 23 b a— LRI DO D XD
WA, T b bt ORI X > TOKBIEMES IH] & CERSIRE MK T L%
HIXZDOWREZE (T2 LK LETENE) ITEOHE TREN, EAREWVITZERED
KR ETE M 2R T 2 L1272 D, —J7, BRI D FTso 282 b — LR K Y
WA T2 DB ORI X - THGEEMEE U CHEIRE D BA L725E8130K
BRI ETEE RN A DE TR EN 5,

F7o. KEME E. ananas VSN OKBEE R E RS 2 KB ETEME 2 1~ %
B2ZiX. E ananas {71E T CHERMEV KB RLEEEZE LW T =y <
Ly RYRAHX—R, =AY RNyavxyFrxX ForfA oo, AXF ThHhVY, F
¥ /)X, BAIAUE KRR, VA=Y XTI oMb EFERL T, K
ananas 'GERORPHVIZ, 0.12M 7 /vy ) — b LT 2.5 mM 3 7k (W
FTHHKIEE) 22 TEERNEEZRB 2o 72,

S BT, RO KL ETEE DR R 2T~ 5 7= [7 CaEHZ 38 TR
ELTAER % & oW CHiE AR 2 /B L TR Lz, & B Z OB Hh#R) S il o
W SRS L 72 IRE (FTh) 38 KUY 25%., 50% ., 75% . 100% D& 23 ifE L 72 (FTas,
FTs0, FT75, FT100) & KB AHETE 2 HEE, 51 L7z, HEEH BT, ROV FT E
(28 UL VOEE ORI OREIR I T 2 BHREE L & FIEHE L CHEE L7z,
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2.3 FER
2.3.1 EYHENI s EONLIHMEY=E

72 Wk IRARETE 23 BUBE (19 BF) . BAHEEE 43 30k (23 ) . ZELSL DR Rk 6
B ORAHE 3k 4 306, FEARE ok 2 3EH 1 ORI K S 50% 7 & b v
KR T 217V, IR 2 H2[E L C 50% 7 & b ot a157=, Ok, &
B B SN OFEISIZLLT (Table 2-1a, 1b) O X 9T~ 7=, FAMY
HSROMER CTIX, SO HMEHOEAIL 2% D 9%FFE THM L TE Y, it
FNED 2% ~T%DREINR L bz, MEWEIGN 1% 28R 5601 4 ke D
72< 9%%%16%@i@ﬂok(ﬁgZQMOXK%%mﬁ@ﬁﬁT@\%%ﬂt
TP OEIE X 8%F50° D 16%5ETH Y . 8% N5 14%DHT-V T L TVDH LD
#%#ot(Eg22m0%m%@%éﬁ1%&%t&&okﬁ%ﬁ%ﬁzfﬁﬂ%@é
TARAMEHRORE T - 72,

2.3.2 EYHMHRDZERE

BONTHER O FIEOENBIEE (& AT/APEE) 12X - Tk, BEARETIC L S8
FEREDOIKTRALIND, TDTD, 2O _LiEOEEE S T EEZHEE T 5 72 OI0IR B
FEEZRIE LTz, TORER, BN 0.20 g FWmLO 2 ToMYmmHR (EiE) 3REE
FEAY 200 mOsmol/kgZ x5 Z L N7 - 7= (Table 2-2a, 2b),

2.3.3 a0k BREEE M

Fe w7 by MEFSIEIZ L » ORI E O E. ananas? AN L 72 30EO BE IR
FEZREL, FTso 23 RKD72, £DEE, filika & £ 2y b — KR OFTs0 O
BIEIZ—4.7 £ 0.2°C (n = 70) Th o7z, RIT 72 DM DFTs0 2 H & d. K
BRI EEEZRE L2 & 2 A, 3°CUL EOKBEEELEREZ bbb s, 18
A ETENZ BTV DO FE THix Th o7 (Table 2-3a~3c), $Fl2, T =Y~ VI
R, Ly R RAF—RE I A PFHEH NyavFXE Fyrf Va3 X
AT THYVHE Fy )X (37X HRRED 10 OEYHHTEIL 2.5°CLL
ORI EIEMEZ R Ue, IKEIERREIEMED 1.5~2.5°CotEmihtiix 8 i
BE ORAAEDEE 3 50, BAREMZE 5 50B | 1.0~1.5°COMEM ML 10 30k ORAK
FEWHE 7 308, BLAREMZE 3 3B ThoTo, KEFRARAEEEN 1.0°CL VRN D
1344 FHEHD U . NFRUIAARRWEE 11 508, BAREEE 31 3k, Ny a v FFB LU
T Y ARKE T B o T, 26 DARAKEMEEDHI Y TIIOKEZIEARETENED 3.0°C X
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DEWHDON 2RE (8%). 2.0°CL Y EWH DN 6 RE (23%). 1.0°CEL VY EWEH D
23 11 B (42%). 1.0°CLLTFTDOH DM 15 R kL (58%) Th -7z (Fig. 2-3A), 39 D
BN BE O TR ETEED 3.0°CL 0 St o 230k (5%). 2.0
CEVENHONR TERE (18%). 1.0°CL Y @V H D2 10 #E (26%), 1.0°CLLF T
Hotzb DM 29 R e (74%) TH-7- (Fig. 2-3B),

Fig. 2-4A~4QITR L= X 912, TNENOMEH OBHFERE L THhD & KkiE
FERRBLEEEZ D L THAET 52D TIEBRBORFTI O T RALIZ, L LRR D,
KT ETE D R < 72 212DV CFRTL AMEL 72 % & W S AT A BV o 72, K
BZIE R B TSR3 i Ol 213 & BRE I BR O & 23588070372 0 . FT 2> 5 FTi00 DIREE
ZEINRE L R DMEMMA B BT, KR EEEZ & 5 REA T 2 OS54, =
U ([T DR I W Cay b — L b RE e 2l 5 &, FTu b
FTs0 Cliday br—/L L DIREZEDPRFICRE L7200, Flo A3 fa—b
EDOWEEITHE VIR S RVMEHAIN A BT,

FTo. KEEHRWEE. ananasiZxt U C AP AL EIEYERS mr o 7o 11 OFF
WEERIHEMIZ OW T, KEEE 2 3 VbR (AgD) F/cidvvw 7y ) —ig
Z. AERIZ R ey 7 Ly MRS X o CHUREIRE 2 E L, KRR EEEZ b &
Wiz, OB R EZ S £/ a3 b — LR OFTs O FE)EIZ I Uikl e 7 n o
Ty ) —ENEN—39 £ 0.3°C (n=10), —7.4 + 0.6°C (n = 10) TH-o7=,

a3 VLR A ORI & L6 Cld, KRB ETE MRV DT 6.5°CO
EMEA R L, &KAT10.6°COIEMEZ R L= (Table 2-4),

Tau gy ) —VEKEERWE L LIEGA T Ny a7 oy <~V IE
HHPIE 10°CLLED KB RILEEEZ R LTz, T /X7 ~A Y, Foray
2 BERHIE T~8 CREE ORI AR ETE Ak L7223, 2 b LIS O BERHILIZ
&N ERBTERLEIGR 2 R S0y, NS RE LR S 72> 7 (Table 2-5),
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2.4 &%
2.4.1 HEYMBEN S 50% 7 o THE I AHEYOE

2.3.1 OfEHE (Table 2-1a, 1b, Fig. 2-2) O LBV | AfHEMIELR E0>5 50% 7 & b
VKR (T R Kk=11) THH SN A O ED 3 Hi% D & KA D
AR DR DN D HHWE (T~17%) OFF NEARY O S5 L 50

B (2~9%) LVZNWEZAIHHMTAHZ LIl oTc, RILELWXEL, BRIRILTEE
ZDETIIARARHEY O FNEARED O LD L D JEL L 725 TS Z L NRENTE DT
bHEEZDZLEHLTED,

BRI LI~ A 03 ® D, 7~ VI OESITHA L 2~3 F4F
L. Y3 H#EE Tl woody dwarf bamboo & FE[EIL, KARD K 5 RIEETH LD L H
RBEFHTRINTWD, SRR LT ~A PVIEHIZ2FEHOL DO T, oA R BHil
WO L RIERIZ D72 VRS URARIEH Lo T, L LRRG, %%mt%ﬁ%

BEOEIGIE 5.86% & FANY OH TIXHRRE AAMEY) & ig3 2 & 0372 0 R, [
A XBDOT AV FA—Y O EOEIEIT 7.86% T, FEAMEHOF TIE 2 FHIC
< KEFEHD S HLTHENDVIRNWE D LRIRETH D, Db, — DS ﬁ%
BEDE S 72 EORRT- 70 b ORI EYE % 2% < S IEMEES AR L i s d
MEEEDE DN B 01T TIE 72y, — DO DRIEIZIZZe Y 9 b &2 b,

AAMEDETIX, FHREO LD EEEEO LoD EH L Lk E LT L7223,
SN EOEISICE L CHRIEVNRH DD Tldhotz, £, 7Thxo Y~
Y ey avFRTIE, EOMIZ ML & AR REE LTI L THRTeE 24,
BHRZIE 10%98, AL 1~3% DfHEIG ThHh o712, KESEMEIE L THWEE E DI
BORIIZONTIL, 8% 5 S AT CTIXAEZ TV A0 GHiE) o 563N 10
~20%LL F LDV EMRELSEEL WD EEZ DN, LN - T, BIZiE M
NENRILBEI ETHZENENTHIUL, BED X S IZFMla0 SHERNEL T
KRR O Wy ER A SR EE DMV VAR 2 AP BN RS 2 L 8 R R AR TR 4y O R A D
HZEIZERD LD EEZ LI,

2.4.2 WEYHERDZERE

2.3.2 OFER (Table 2-2a, 2b) DFEF @Y | FEHEMEYH OREE 0.20 g FW/mL T
IRBIEFEN 200 mOsmolkg 28 2% b DT> T2, WRT OWERENEHL 725 &
RBERENE L 20 | BEARE FIC X 2BEOR TRALND, ZLa—2A0M kT b
U h JREREOWEZHEH LIZERAERICL D & BERRE FTED 2 (G ORE
MR CAKEBE DA BEEI L 5 5 2 ERFPHREIN TV S MacKenzie 1977; Chaoenrein and
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Reid 1989; Wilson et al. 2003), ZAUCHI->THE x5 &, R L7 ihHiK 02 % i
FE7Y 100 mOsmol/kg TdH > T HE KT 0.5°C FLE L 2osmm B ORI ENME T LA
(TR LHFEREZKT SER2W) ZERTPREINE, T, EBRICHERT 5
HIKOWERE (REBRE) IZX2HERE~OEEIIIVHLDOEZZ LNT,

2.4.3 FOv 7Ly MNEEEEICEIT HEMHMENOKET MBS EEDEH

225 O Fuy 7Ly MEGFEEOBIERN T, e A Tohany ORETERL
WE &ARREIR D) =2 b v — VERIR & RE R & AFUTZ B IR O BAEIREE 0D 72 % KB
O ETEM & EFR L TV 5, KT ETEMESHUKRELEME & L TR SN D BRI,
H5EC anti-ice nucleation activity @ Z & T#H %5, Kawahara and Obata (1996)<°
Kawahara et al. (2000); Holt (2003), Holt (2003) 7% £ @3 ClZ inhibitor for ice
nucleation activity &\ 9 LEZHH L TW52, RIUEWRTH D, FIoKkERARRLE
TEMEE DKEIEMEZ IRE - 632 2 & T, fRMISKEE O A OHMERHT D728
2 1= 6 i in EMEEETE 4 — supercooling-facilitating activity <° supercooling-promoting
activity— & L T HEH I TV 5 (Kasuga et al. 2007; Kasuga et al. 2010; Kuwabara
et al. 2011; Wang et al. 2012; Kuwabara et al. 2013),

Vali (1971 12XV Py 7 by MFFEEREE ST D ATEITVEIR O B R
ZHET D7D LIZUITHW SN TV DIEER R EZRITETH 5, AFETHZDO
2y Ly MEFEEZ B L RO BRIZA A 9 X O ICHRMF230E L CIEMHERIE I
Wiz, Bz X, RERR T, KBEEREAIRTWE OKEEARME) & LT, 2
R L7z (1) fRm=C 18R EOREPITHAE L, SV IOKBIEEZ R3Ok Z
RO BT HKEMEDO—FTHD E. ananas FIEDIED, (2) KEAFITHEE S &
TABINCREN - BELFHET L2 HM (NLEWR) 2ETHEHINS I 7{EE (AgD
X (3) Kuwabaraetal. (2011) 72 & Cffi i & 47 bl i B 7o i O B LA Tk
W09 < T/ W7 a 7Ly /) — L (benezene-1,3,5-triol) &5 ¥ A 7D
#7225 3FE O KR E 2RI L T KK OB 2R &2 TORE L TV D,
FNEAMERME LT, 2 O 234 2 Z £12 k- T KETEARWEIC
KLU T H0OERZT 5 2 & CORBIEMED R - il S 4, OB & U CHlAERE
METT2ENIBIREMIET DLV ERRTH S,

E. ananas % KK RME & L L72#ER % 2.3.3 (Table 2-3a~3c) Tik~7z,
Z ORI A ETEEOIEEREL S TH L L, 6 Bt ZkRE 0.5°CLLT, fIEL7-a
72 HEHZBWTEH 0.9°C LN &> TWe, 207D, RFFEETHWZFIETHDL N
vy 7Ly MERECTORE STz E ananas % KEERE & U TR IRE

(FTs0) 28 —4~—8C RREDHA. IKEEMMEENET 0.5°C BREDBENE L LA
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RN+ hH D EEZXbND, Fo, AR THW Ry 7Ly MEFEIETIE, @
HIREEDY 0.56°C AR T T 2 M HUE L2 OB ZFHE L T\ b ed, JIET ST
0.5°C FREDIEMEDEIIBGITAE LD A[EMENH D, D7, E. ananas % KL
WE & UCHER L723a1id, KRB ETE O EfE D 72 < &b 1.0°C UL EDTE
PER B > 72 20 REHIE K OB ZIEEA Y E &7 L, 1.0°C LLF &5 L9 eilkkltzb
TITIEMERN B D EE A ETEER 2 WO T2 008 %Y L& 2 7,

FERICE 2D &, 3 7 bRZ2MH L CHIE L7ofER (Table2-4) 245 &, A RIHIE
L2 B CIE FTs0 23 —11~—15°C TH Y | I VLR OHEIL Z O TIL 2°C RED
PAENELDFRMER S D B2 6D, AEIEH L 11 OEYERE®mIZ. Wi
I VEIRIZXT LT 2°C LV mVIOKE L EEEZ R LTz, 20720, 11 OfF
WEER L 2 TSI L TRV OKBIERBLEEE A B L T D Z &R gnoT,

fenCTrZrr 7y ) —NaR L6 (Table 2-5) Tid. IKEZIERBHEFTENED )
R, B LITIFEAERNWEEBZONTT ATV, B4 UH AR, VAR
F—> O A R E MO 8 REHIKIEIE AL EIEMEDEEIEN 2°C UL ETh o7z,
LML B Ly R AL — RRORAZTF X077 NTEMEICK U CTEERAEAD R E 2R
EER LD, EEEZA L TS0 ENEAEICHET5 2 L 3# LRI TH 5,
BODOT )<Y 7<vAYH, Nyavyt¥ ForfTa, Fv/ FO5MmEY
IZOWTIX, 7R 7y ) —uUzxt U OKBERLEEEZ A LT D L TE 5,
IEIE RO R E 2 U, 1 ZIER CISTERE 22 & ONTIEMEREM GHRED) ik
1T T\ % Kuwabara et al. (2012) (7 774K / A FfE) < Kuwabara et al. (2013) (¥
V= UHH) OFEREEST B L A OISR R L R E ORI R BL E R 2 R

(T 72 OB RIFLE OBFEIRE 27 3) RN R REE OERERZ2EZ2 R L T\, £0
728, AHFFE TRV 2325 Tl Table 2-3a~3c, 2-4, 2-5 TH LN HREDIZHHE
DHDELI DD EZZ BT,

FEBRIT AL U 7o EARE M BE R ) O KB A BT D 434 (Fig. 2-8A) & KA 4E
i OTEME A (Fig. 2-3B) Atk L7z, §2 &, IKBIERBAEEMA 1.0°C L F D
& 2 AITHATT DA SR AR EE R SR D b DIZ A~ TH B I EARE Y ZE R
KD HDODF LD o Tz, KEFERRBLETEEN 1.0°C L0 KREWE ZAIZHMATHHO
X, FEAMEMIER RO SO T 10 3B, RAMESHEH RO SO T 11 3B & 12X T
B Do IKEFIRELEIEMED 1.0°C LD K&EWE AWM THHDOE T 2T 5 & &
B, KEREL DL HEOHAMIRKERENIRVWE I ICHZ D, ZORBITHE LM
i o% (RN IERHY) 39 308, AR IR LY 26 BUB) 2Nkd 5L, &
DR ZEIEIE D 8 2 I RFET D556 AR D 6 BELZ BRI 2 F NGO WS D
ol EYTHARBENETEVWEB L DBILD,

AWFFED K 9 KR BTG A FEIC L CA Y U —= 735 B TEM O
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W B R U725y CHLREHE®)) &2 D CIEMERER L2 F BRI L A EA B

o SCHRIREET DR Y . 6 SUBIO ARANEY DA AL ) OKIEZAME (E. ananas)
(23 D ORI R P T M 2 I E L 724 - (Kasuga et al. 2007)X° 16 3O - R
FE, 10 Bt OFHEEt O OKEEME (E. uredovora) 124 HIEMEZRIE U725 H
(Kawahara and Obata 1996) 0315 SN TN AHL LW ThHhoTz, TOHFTIE I/ n—7

(T Syzygium aromaticum) DO=TX J — AP &EE 10 mg/mL T 10.8°C %
DKL EFEMEZ R L TER Y | FRFHIZRE S0 TW MO HE & T H 7R D
BVEMETH o 72, AIFFEOFER (Table 2-3a~3c) & LEA_THNR Y EWEMEME & W
A %o ZOEERESRFET Fr v 7 Ly MRFHEAIC K 2 MERRZROTHIICS BT
LHHDToh DN, FEOOFEREM L 13T T AEESCHERIE R EOFRMENR R 572
D, B ZIEMEE 2 ol U CRgg 2 fham D1 2 Z LI 2 R&E 722 B2 T\ b, £,
ARFEER TIIAE % 72T C IR < KB L ETEME DB 21T > TRV | £ DIEMHED TR
VIR E ORREICIR SN O TIERWZ EX3bn D, Bk L7ZXk 512, 2 b oR
U7 x = VEIFHYO ZIRRHED TH Y | MELERRISENTHL2H0D, T
b DILEWIIE<HEMI T D, DT, ﬂ%fdﬁ‘ﬁﬁﬂ/&éﬂfhﬁb\%’?< DOFER) D
HFIZITEVEEZ BT 5 b OBIFET D AT 0B 2 bivd, £ ABFETIE
H 7RO AR 2 BRI L’C*ﬂ?ﬁﬂﬂj%@ﬂﬁﬁéﬁkmiﬁ‘ PEAHIE L72b D TH DT, B
RS A BIRRE DIV L > OKBIERILEEEO &S Dy OB &N ET 5 2
EDRFFITHY DD, o, AF TITHE SN TV DM H R ORI E D E X
T ¥ (Kawahara et al. 2000), 7 ==/ 7 1/8 ) A Fi(Kawahara and Obata
1996). 7 77 J A RidkE{R(Kasuga et al. 2008; Kasuga et al. 2010; Kuwabara et al.
2011; Kuwabara et al. 2012), # > = %H(Wang et al. 2012; Kuwabara et al. 2013) 2}
bbH, ZIOHDILEMOREMENTOEERELE 2 5 &, —FAMEYCHREET DY
DELZRINT 2551, BEORFEEZLO LI BRBE VKLV L, ELD0KO X S
AL BT 2ETOR O b DD BEREN L TR TV DD TIERWNAEE R
bV, ZD—HT, Zr=uR7 IR 4 Fe% EBT DM H DM OFEE
RENODRFEHINDIFEHELMOILTWA T D, £ F IEBEMED D L 405 rTaEM:
EV, L L7225 Table 2-3a~3c T/ L7213, KB ETS ME O ETR &
72 5 EIRRE O TR E 2 RO T 129 72O OM B 2 @R 572 DIIEF 1A H e fa st
ZRHEL O 2D THD Z LITIFTEVR,

KT ETEE 2 E L7265 DREEREID 5 b, ==Y T =y <Y ¥/
Tyl Ly ReAX— RO X HITEBETH > THIFMEICEERH 0 . AFERECMK
REEA W2 EDRFHH B IR OB T B U TEMEIC BT D TR S 2 b LT,

A ERAGE U 72 220> TKEZIE PR ETEPE 23 FLBR R 151 > o TR & £ L&D
WT, AFTITEEDR R SNTALEm & DM EENDLRY 7= ) — v b 2
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HLADLED L, RO LD RILEMITIKEIAILEEE N H 2 Z LS D, #i
21X, 7 b=V~ Tldisorhapontin<°piceid 72 & D A F /L~ i (A (Shibutani et
al. 2004), 7" v 7 A ¥ = i¥kaempferol 3-O-a-L-(3”,4”-di-E- p-coumaroyl)-rthamnoside
REDT TR = VEERIZ p- 7 < VRIS G LTcAL &7 T 7 — )VECKEIR, 7
TXUVHRENEENTND Z ERHE I T 5 (Fiolini et al. 1998), 7 ~ A ¥
Tl¥luteolin 6- C-glucoside=<Cluteolin 7- O-glucoside, apigenin 6- C*dipentose, tricin
7-Orhexoside’s & D 7 7 R U EFER(FAH & 2008; Matsuta et al. 2009), Fx / ¥ T
I%(—)-epigallocatechin gallate (EGCG) Z#ZEIHICH T F VHEBLREIZEENTVD
ZERHMBNTEY, BIZEGCG: EDN T X HIIKEIERAEIEENH 5 = &0
BTV % (Kuwabara et al. 2013), A EHIE LY VETHL T Y GEDMH
WIR) . AAV U Ty (FEREDPHR, BEENR) . TAYY (WMEIH) (ZEERD
7 IR A REIZIE, T by T =2 Th HshisoninX° 7 7R U EERTH D
apigenin 7- O-caffeoylglucoside, luteolin 7- O-glucuronide, scutellarein 7- O-
glucuronide’e ER3H 0 | 7 TR ) A NEIZENRO T Y LV ENROT Y BDEHEOE
HFETHDZ ENHREEN TV S Meng et al. 2009), ZAUTAEHIE L TH L ALTZK
BIEHILEEEO @R E —8HT 2, B IV FRRTEIAETF RN T A D
BOBEAR, TR, T FHE2EA LT 5 (Kisiel and Barszez 2000; Schiitz et al.
2005), v R~ A ¥ — KX A7 2 L [RIFED Brassica juncea TlL, %MD/ 7 =
1 — LECEER, sinapoylglucoside’s DY F B UEE L VL a— A DT AT LR &
AL CH Y (Harbaum et al. 2008), FEIZEN HALTWDKEIERWE & g4 5 &, i
SOWENMER L 720 D D,
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leaves.

Table 2-1a. Yield (%) of the 50% aqueous acetone extracts from herbaceous plant

fl4 Scientific name 4 Yield of extract (%)
ANeF Portulaca oleracea AR 2.10
IS5+ F Raphanus sativus var. longipinnatus BAav 2.39
RO ZFL Houttuynia cordata N2 2.83
THYHR Beta vulgaris subsp. vulgaris THE—k 2.85
AV NNFF Allium tuberosum -5 2.95
A hHFE Zingiber mioga EELyil 3.01
X4% Taraxacum officinale AIAYARR 3.36
)7 IF Impatiens balfourii INFIY)TRYTY 3.37
7I55+% Lepidium sativum b= Ly M Ly 3.39
VIFL Perilla frutescens var. crispa f. viridis FTADY 3.71
roH5FL Equisetum arvense X+ 3.74
AV NNFF Allium fistulosum S 3.90
A7F Rumex obtusifolius ITJV/XXD 4.10
VR Perilla frutescens var. crispa f. purpurea Thoy 4.20
AL Plantago lanceolata ASAA/\T 4.53
FTAAF Abelmoschus esculentus *595 4.58
BTHL Fagopyrum esculentum UZAY 4.66
7I5+HE Brassica juncea sp. FHSS 4.93
775+ Brassica juncea sp. (red mustard) LyR<TXA—Fk 5.04
EaF Amaranthus viridis RFEAHAXED 5.15
FAFL Solanum lycopersicum <k 5.23
HRINZF Oxalis comiculata HRINS 5.44
<A 5 Trifolium repens SOy AS 5.57
HyFE Momordica charantia var. pavel LAY 5.62
IFL Perilla frutescens var. crispa f. rosea HAUH95Y 5.69
% Arctium lappa =y 5.71
A3 FE} Sasa senanensis IRAYY 5.86
< A% Phaseolus vulgaris AT I A 6.07
eaF Chenopodium album var. centrorubrum F7hY 6.07
HAAEHR Metaplexis japonica BHAE 6.26
+F Aegopodium podagraria AU 6.32
/€ LR Tropaeolum majus FoLrh 6.35
I UELY ! Chloranthus japonicus BRI XA 6.64
TRHF Cayratia japonica YIHSY 6.73
< 5 Glycine max cv. wasemidori FARX 7.29
A%El Chasmanthium latifolium JAILRF—Y 7.67
LYok Petasites japonicus 7% 8.79
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Table 2-1b. Yield (%) of the 50% aqueous acetone extracts from woody plant leaves

and other plant materials.

4 Scientific name 4 Yield of extract (%)
ToOYAF Hydrangea macrophylla f. normalis HIOT7oHA 5.93
TRYE Parthenocissus tricuspidata A 6.53
ik Morus bombycis R E7AV) 7.80
Y= Elaeagnus umbellata 7X5= 8.17
hUR Zanthoxylum piperitum Hiam 8.43
HaxH Aralia elata 825/ % 8.82
HUR Citrus sudachi A& F 9.09
B/ %5 Thuja occidentalis =FaEeN 9.10
Y= < & 5] Euonymus alatus XX 9.35
SR Cornus officinalis Hoaa 10.0
YR Populus tremula x alba RIS 10.1
EOEAH Jasminum sambac <Y h 10.3
Y YE=! Laurus nobilis TyrAoa 10.6
R Salix bakko N3 ¥ 10.9
<V Lalix kaempferi h<y 10.9
AFavE Ginkgo biloba AF3a 11.1
FrER Akebia x pentaphylla J3aH74yE 11.1
rFayF Eucanmia ulmoides cFao 116
T+F Fagus crenata Jr 11.6
JhEEFR Backhousia citriodora LEVY—hIL 11.9
< UH Picea glehnii FHIVTY 12.4
< UH Abies sachalinensis (N4 12.8
EHHAF Forsythia suspensa Lo¥ay 13.0
HIFHE Acer japonicum INDFIHIT 134
HVS5F Cercidiphyllum japonicum s 135
< VE Picea jezoensis Iy 13.7
WINEFL Camellia sinensis Fv/& 14.0
INSF} Spiraea thunbergii I = o = 16.1
< vE Picea glehnii (xylem) THIIRY (KER) 1.02
R Salix bakko (xylem) I\ (KER) 3.00
A5 Zea mays (lemma) koEQDL(FH) 6.29
FES:! Zea mays (corn silk) coEOOD(FER) 6.72
X Salix bakko (bark) Ny FF(BE) 11.2
< vE Picea glehnii (bark) THIIY (#K) 12.5
HITH Acer japonicum (autumn leaves) NDFITAITHIE) 20.7
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Table 2-2a. Osmolality of extracts of herbaceous plant leaves at a concentration of

0.20 ¢ FW/mL.
4 Scientific name 4 (n? grgnczlslr/il%)
ARN)eF Portulaca oleracea AN 56
T7I5+% Raphanus sativus var. longipinnatus i NV 49
NI Houttuynia cordata KoOF= 48
ThHYFE Beta vulgaris subsp. vulgaris FThE—k 69
EAVNFF Allium tuberosum =5 64
SaHE Zingiber mioga EELybil 41
4% Taraxacum officinale A3 RR 79
VU WESLyE Impatiens balfourii NFYYTRYY 51
7I5+% Lepidium sativum asanyn 59
Dkt Perilla frutescens var. crispa f. viridis TATY 53
5%l Equisetum arvense & 43
EANFF Allium fistulosum FE 69
AR Rumex obtusifolius IV/FIxY 51
VU Perilla frutescens var. crispa f. purpurea Thy 56
FA/\aF Plantago lanceolata ANSFHA /T 66
TAAFR Abelmoschus esculentus *o5 83
2TF Fagopyrum esculentum YN 61
75+ % Brassica juncea spp. FHSY 79
7I5F+% Brassica juncea (red mustard) LyR<TRA—K 75
EaFl Amaranthus viridis RFHAXED 48
! Solanum lycopersicum k< bk 7
HANZEL Oxalis comiculata HAINS 75
< A%l Trifolium repens SAYAT Y 64
1% Momordica charantia var. pavel YA 63
IR Perilla frutescens var. crispa f. rosea hAIDIZIY 60
*HF Arctium lappa R 80
A3 F Sasa senanensis IIAFY 84
< A% Phaseolus vulgaris AT A 74
[ I Chenopodium album var. centrorubrum Fhy 85
HA1ER Metaplexis japonica HHAE 88
+R Aegopodium podagraria ATIYN 67
JE€o\L2F Tropaeolum majus FoLrh 101
+2)av Chloranthus japonicus ER)T XA 72
TR9F Cayratia japonica YIHSY 60
< AR Glycine max cv. wasemidori AL 85
A% Chasmanthium latifolium JAILEF—Y 94
*HF Petasites japonicus 7% 89
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Table 2-2b. Osmolality of extracts of woody plant leaves and other plant materials

at a concentration of 0.20 g FW/mL.

B4 Scientific name M4 (r(r? (s)rg;l;r/i%)
FTIoHAE Hydrangea macrophylla . normalis HOF7oH4A 75
TEoFE Parthenocissus tricuspidata VA 54
7% Morus bombycis S LAy 91
J=H Elaeagnus umbellata FXI=E 70
SHhoR Zanthoxylum piperitum = Ly 72
= Aralia elata 85/% 68
SHhUR Citrus sudachi RAEF 95
E/%F Thuja occidentalis N AN 55
= xXH Euonymus alatus — 87
SX4H Cornus officinalis Yriaa 69
rEE Populus tremula x alba THARTS 87
EVEAHE Jasminum sambac VA 88
PP VES ] Laurus nobilis TolrATa 97
Yr¥u Salix bakko Nyav ¥ 91
IR Lalix kaempferi ho<y 95
AFaoFE Ginkgo biloba AF3 104
TTER Akebia x pentaphylla J3ao77E 81
FFao® Eucanmia ulmoides FFam 102
T+# Fagus crenata 7+ 63
ThEER Backhousia citriodora LEVY—MIL 97
< UH Picea glehnii THIVIY 79
<R Abies sachalinensis (NN 86
EUAF Forsythia suspensa L¥aw 63
hITH Acer japonicum INDFIALT 79
HVSF Cercidiphyllum japonicum hvs 94
<R Picea jezoensis Iy 90
VAEY Camellia sinensis Fv/*x 110
NSF Spiraea thunbergii = oo o 114
< VR Picea glehnii (xylem) FHIIY (KER) 33
R Salix bakko (xylem) Ay FF(RER) 52
A F Zea mays (lemma) koEOOL (58) 76
A5 Zeamays (corn silk) ryEOIY (BR) 92
R Salix bakko (bark) Ny (#ER) 63
< VE Picea glehnii (bark) THIVRY (#R) 67
HIFTH Acer japonicum (autumn leaves) INDFIHITFGHIE) 88




Table 2-3a. Anti-ice nucleation activities (°C) of plant extracts in the presence of

E. ananas as an ice nucleator.

Anti-ice nucleation

Scientific name

g

activity (°C)
Picea glehnii ThTy<y 32 + 03
Brassica juncea LYyR<TRE—K 32 + 03
Sasa senanensis HIAYH 31 + 04
Salix bakko NyavrE 31 + 01
Perilla frutescens var. crispa f. purpurea ThDY 28 + 0.2
Laurus nobilis Tybr4a 28 + 0.6
Citrus sudachi REF 28 + 05
Taraxacum officinale TAAYFURR 27 + 04
Camellia sinensis Fv/¥ 27 = 0.6
Chasmanthium latifolium TAIKRA—Y 23 + 05
Brassica juncea spp. FHIY 23 + 04
Spiraea thunbergii I = o o 22 + 038
Equisetum arvense AEXF 21 + 0.6
Perilla frutescens var. crispa f. rosea HAYHSY) 20 + 0.2
Populus tremula x alba TiRTS 19 + 05
Fagus crenata 7+ 19 + 04
Petasites japonicus 7% 18 = 0.7
Forsythia suspensa Lo¥ay 13 £ 04
Perilla frutescens var. crispa f. viridis T 1.2 + 0.2
Elaeagnus umbellata 7X¥I= 1.2 + 04
Cercidiphyllum japonicum s 1.1 £ 03
Rumex obtusifolius IV/XIX 10 + 04
Lalix kaempferi hs <y 10 +* 0.2
Ginkgo biloba A4Faw 1.0 + 04
Eucanmia ulmoides rFary 1.0 £ 0.2
Cayratia japonica Y IHSY 10 + 04
Acer japonicum INOFIAIT 10 + 0.2

Anti-ice nucleation activities of plant extracts were measured by droplet freezing
assay at a concentration of 0.10 g FW/mL in the presence of 2.0 mg/mL £. ananas as

an ice nucleator.
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Table 2-3b. (continued).

Scientific name

]

Anti-ice nucleation

activity (°C)
Aegopodium podagraria AU 09 + 04
Abies sachalinensis NNV 09 + 0.2
Picea jezoensis yic4V] 08 + 04
Glycine max HAX 0.8 + 0.3
Fagopyrum esculentum N 08 =+ 04
Cornus officinalis Hriaa 08 = 0.2
Arctium lappa 7R 0.8 + 0.3
Thuja occidentalis —A AN 0.7 + 05
Backhousia citriodora LEVRY—FIL 0.7 * 0.3
Zanthoxylum piperitum Hiay 06 + 0.3
Parthenocissus tricuspidata VE 0.6 + 03
Oxalis comiculata ETAN 06 = 0.2
Momordica charantia var. pavel 172 % 06 + 05
Zingiber mioga 2aoH 05 + 0.1
Euonymus alatus —ixX 05 + 0.3
Morus bombycis R4V 04 * 0.2
Houttuynia cordata Koa= 04 * 05
Trifolium repens YA Y 03 * 0.3
Beta vulgaris vulgaris F7hE—+ 03 + 0.2
Akebia x pentaphylla J3H7HE 03 + 04
Jasminum sambac <Yh 0.2 + 0.3
Hydrangea macrophylla f. normalis HOF7oHA 02 + 0.3
Chenopodium album var. centrorubrum 7hY 0.1 + 04
Allium tuberosum =5 0.1 + 0.2
Allium fistulosum ¥ 01 + 0.2
Plantago lanceolata oSS Z v A 0.0 += 0.3
Abelmoschus esculentus *95 0.0 = 09
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Table 2-3c. (continued).

Anti-ice nucleation

Scientific name 4 activity (°C)
Tropaeolum majus FoLoh -01 + 0.2
Raphanus sativus var. longipinnatus A4 -0.1 + 01
Portulaca oleracea AANJE -0.1 + 05
Phaseolus vulgaris AT A -0.1 + 04
Chloranthus japonicus BRI XS -0.1 * 05
Aralia elata RS/ X% -0.1 £ 0.2
Amaranthus viridis RFEHAXE -01 + 04
Metaplexis japonica HHA4E -0.2 + 0.3
Lepidium sativum aiayy -0.2 + 01
Impatiens balfourii INFTIY)TRY™Y 02 + 04
Solanum lycopersicum k< -0.3 £ 05
Picea glehnii (bark) THIITY (i ER) 30 £+ 04
Acer japonicum (autumn leaves) INDFIAIT (FIZE) 14 + 03
Salix bakko (bark) I\ (HER) 13 + 05
Zeamays (lemma) kOO (58) 1.2 + 05
Picea glehnii (xylem) FTHhIIIY (KER) 1.0 + 0.1
Salix bakko (xylem) I\ (RER) 09 + 0.3
Zeamays (corn silk) coEOTS (FBR) 05 + 07
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Table 2-4. Anti-ice nucleation activities (°C) of plant leaf extracts in the presence of

silver iodide or phloroglucinol as an ice nucleator.

Ice nucleator

Scientific name 4 — -
Silver iodide Phloroglucinol
Picea glehnii ThII<Y 88 + 09 103 + 1.8
Brassica juncea sp. (red mustard) Lyk<TXE—F 80 + 12 27 + 18
Sasa senanensis IRAYY 104 + 0.6 73 + 16
Salix bakko Ny ¥ 100 + 10 116 * 6.3
Laurus nobilis Tubr4a 9.1 + 07 73 + 3.0
Citrus sudachi AEF 84 + 08 25 £ 22
Perilla frutescens var. crispa f. purpurea ThY 73 £+ 15 -03 + 04
Camellia sinensis Fv/* 105 + 15 83 = 15
Taraxacum officinale AT R RR 65 + 09 06 = 1.0
Chasmanthium latifolium JAILEA—Y 70 = 14 1.3 £+ 06
Brassica juncea sp. *HSY 106 + 1.2 36 + 34
Anti-ice nucleation activities of plant leaf extracts were measured by droplet

freezing assay at a concentration of 0.10 g FW/mL in the presence of 2.5 mM silver

iodide (Agl) or 0.12 M phloroglucinol as an ice nucleator.

30



Naicid R e sl e

ErrrAary ma i ma P o e Il
EAPAINPN Pl A Pala s "f'o“
EaPaatala Pala Al

Nl e o

Fig. 2-1. The droplet freezing assay system (A) and copper plate used in this assay
(B). Mineral oil was pasted on the surface of the dimples on the copper and sample
droplets (2 pL) were loaded on the dimples. This copper plate was cooled by
programmable freezer and number of frozen droplets were counted. Freezing

temperature of 50% of samples was determined as FTso.
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Fig. 2-2. Histogram of the yield (%) of the extract from fresh plant leaves by using
50% aqueous acetone. (A) Herbaceous plant leaf extracts. (B) Woody plant leaf

extracts.
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Fig. 2-3. Histogram of the anti-ice nucleation activities (°C) of plant leaf extracts
determined by droplet freezing assay with the ice nucleator E. ananas. (A)

Herbaceous plant leaf extracts. (B) Woody plant leaf extracts.
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Anti-ice nucleation
FTi  FTos  FTao  FTig  FTo T G on)

Control -3.1 -4.0 -4.4 -4.9 -6.0 0.0
C. sinensis -4.6 -6.5 -6.9 -7.6 -9.5 25
L. nobilis -4.5 -6.4 -7.1 1.7 -9.0 2.7
M. bombycis -3.6 -4.3 -4.8 -5.3 -6.5 0.4
P. tremula x alba -4.2 -5.8 -6.4 -6.8 -8.5 1.9
C. japonicum -3.6 -5.0 -5.5 -5.9 -7.0 1.0

Fig. 2-4A. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator . ananas. Freezing temperature of the first (FT1),
25% (FT25), 50% (FT50), 75% (FT75) and 100% (FT100) droplets, and anti-ice nucleation
activity of each extract was estimated by these freezing curves. Anti-ice nucleation
activity (‘C) was expressed as the difference between freezing temperature of 50% of
sample droplets and that of 50% of control droplets. Filled circle, control; filled
diamond, C. sinensis; filled triangle, L. nobilis; x-mark, M. bombycis; open diamond,

P tremula x alba; open triangle, C. japonicum.
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Anti-ice nucleation
FTu  FTis  Fl  FTis  Flig 0oy
Control -3.3 -4.1 -4.3 -4.8 -6.0 0.0
E. uimoides -3.8 -4.8 -5.3 -5.8 -7.0 1.0
A. sachalinensis -3.6 -4.7 -5.2 -5.6 -7.0 0.9
P. glehnii -5.2 -7.1 -7.5 -7.8 -8.5 3.2
L. kaempferi -4.0 -4.9 -5.3 -5.9 -7.0 1.0
G. biloba -35 -4.6 -5.5 -5.9 -7.0 1.2

Fig. 2-4B. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond,
E. ulmoides; filled triangle, A. sachalinensis; x-mark, P glehnii; open diamond, L.

kaemptferr, open triangle, G. biloba.
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Anti-ice nucleation
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B. citriodora -4.0 -4.6 -5.0 -5.5 -7.0 0.6

Fig. 2-4C. Freezing curves of plant leaf extracts determined by droplet freezing assay

in the presence of the ice nucleator E. ananas. Filled circle, control; filled diamond,

B. citriodora.
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Anti-ice nucleation
FT, FTys FTso FT7s FT100 activity (°C)
Control -3.3 -4.3 -4.8 -5.2 -6.0 0.0
A. x pentaphylla -3.2 -4.4 -5.1 -5.6 -6.5 0.3
E. umbellata -35 -5.0 -5.8 -6.6 -8.0 1.0
S. thumbergii -4.0 -5.9 -6.7 -7.7 -9.0 1.9
E. alatus -3.5 -4.6 -5.2 -5.8 -7.0 0.4
Z. piperitum -3.3 -4.7 -5.3 -5.9 -7.5 0.5

Fig. 2-4D. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond,
A. X pentaphylla; filled triangle, E. umbellata; x-mark, S. thumbergis; open diamond,

E. alatus; open triangle, Z. piperitum.
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Anti-ice nucleation
FTl FT25 FT5O I:T75 FTlOO aCtiVity (oC)

Control -4.0 -4.5 -4.8 -5.2 -6.5 0.0
C. sudachi -4.0 -6.6 -7.3 -7.9 -9.0 2.4
H. m. f. normalis -35 -4.3 -4.8 -54 -7.0 -0.1
C. officinalis -4.0 -4.9 -5.4 -5.9 -7.0 0.5
J. sambac -3.6 -4.4 -4.8 -5.3 -7.0 -0.1
F. suspensa -4.2 -5.3 -5.7 -6.5 -8.0 0.9

Fig. 2-4E. Freezing curves of plant leaf extracts determined by droplet freezing
assay in the presence of the ice nucleator £. ananas. Filled circle, control; filled
diamond, C. sudachr; filled triangle, H. m. f. normalis; x-mark, C. officinalis; open

diamond, /. sambac; open triangle, F suspensa.
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Anti-ice nucleation
FTu  FTis  Fl  FTis  Flig 0oy
Control -3.6 -4.5 -5.0 -5.4 -6.5 0.0
A. elata -3.7 -4.5 -4.9 -54 -6.5 -0.1
P. jezoensis -3.6 -5.0 -5.7 -6.5 -8.5 0.7
T. occidentalis -3.6 -4.8 -5.6 -6.4 -8.0 0.6
C. a. var. centrorubrum -3.6 -4.5 -5.2 -5.7 -7.0 0.2
A. viridis -3.5 -4.3 -4.8 -54 -6.5 -0.1

Fig. 2-4F. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond,
A. elata; filled triangle, P jezoensis; x-mark, 7. occidentalis; open diamond, C. a. var.

centrorubrun;, open triangle, A. viridis.
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Anti-ice nucleation
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S. senanensis -4.0 7.3 -8.3 -8.8 -10.0 34
E. arvense -4.0 -6.1 -7.0 -8.1 -9.0 2.1

Fig. 2-4G. Freezing curves of plant leaf extracts determined by droplet freezing assay

in the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond,

T officinale; filled triangle, P lanceolata; x-mark, A. podagraria; open diamond, S.

senanensis; open triangle, £. arvense.
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T. repens -3.8 -4.4 -4.8 -5.2 -6.0 -0.1
P. tricuspidata -3.6 -4.6 -5.2 -5.6 -7.0 0.3
C. japonica -3.7 -5.0 -5.5 -5.9 -7.5 0.7

Fig. 2-4H. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator E. ananas. Filled circle, control; filled diamond,
R. obtusifolius; filled triangle, O. comiculata; x-mark, 7T repens; open diamond, P

tricuspidata; open triangle, C. japonica.
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Anti-ice nucleation
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Control -3.1 -4.2 -4.7 -5.3 -6.5 0.0
C. japonicus -3.5 -3.9 -4.4 -5.0 -6.0 -0.2
A. esculentus -3.1 -3.8 -4.4 -4.9 -55 -0.3
H. cordata -3.2 -4.6 -5.1 -5.6 -6.5 0.4
. balfourii -3.1 -4.0 -4.5 -5.0 -6.0 -0.2
P. oleracea -3.1 -4.0 -4.4 -5.0 -6.0 -0.3

Fig. 2-41. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond,
C. japonicus; filled triangle, A. esculentus; x-mark, H. cordata; open diamond, /.

balfouril; open triangle, P oleracea.
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Fig. 2-4J. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator E. ananas. Filled circle, control; filled diamond,

Z. mioga; filled triangle, C. latifolium.
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L. sativum -4.0 -4.3 -4.6 -4.9 -6.0 -0.2
T. majus -3.8 -4.4 -4.7 -5.0 -6.0 -0.1

Fig. 2-4K. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond,
A. tuberosum; filled triangle, R. s. var. longipinnatus;, x-mark, L. sativum; open

diamond, 77 majus.
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P. glehnii (bark) -4.8 -7.3 -7.9 -8.2 -9.0 3.1
P. glehnii (xylem) -4.3 -5.4 -5.8 -6.1 -7.5 1.0

Fig. 2-4L. Freezing curves of plant extracts determined by droplet freezing assay in
the presence of the ice nucleator £, ananas. Filled circle, control; filled diamond, P £
var. crispa f. viridis; filled triangle, P £ var. crispa f. purpurea; x-mark, S. bakko;

open diamond, P, glehnii (bark); open triangle, P glehnii (xylem).
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Anti-ice nucleation
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P. f. var. crispa f. rosea -4.2 -5.9 -6.6 -7.3 -8.5 2.0
A. japonicum -4.2 -5.1 -5.6 -6.0 -7.0 1.0
A. japonicum (autumn leaves) -4.6 -5.4 -5.9 -6.4 -7.5 1.3

Fig. 2-4M. Freezing curves of plant leaf extracts determined by droplet freezing
assay in the presence of the ice nucleator F. ananas. Filled circle, control; filled
diamond, A. fistulosum; filled triangle, B. v. subsp. vulgaris; x-mark, P, £ var. crispa

f. rosea; open diamond, A. japonicum; open triangle, A. japonicum (autumn leaves).
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Fig. 2-4N. Freezing curves of plant extracts determined by droplet freezing assay in
the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond, .S.

bakko (bark); filled triangle, S. bakko (xylem).
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Fig. 2-40. Freezing curves of plant extracts determined by droplet freezing assay in
the presence of the ice nucleator . ananas. Filled circle, control; filled diamond, A.
lappa; filled triangle, M. japonica; x-mark, S. [ycopersicum; open diamond, Z. mays

(corn silk); open triangle, Z. mays (lemma).
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Fig. 2-4P. Freezing curves of plant leaf extracts determined by droplet freezing assay
in the presence of the ice nucleator £. ananas. Filled circle, control; filled diamond,
F esculentum; filled triangle, M. c. var. pavel, x-mark, P vulgaris; open diamond, P

japonicus.
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Fig. 2-4Q. Freezing curves of plant leaf extracts determined by droplet freezing
assay in the presence of the ice nucleator £. ananas. Filled circle, control; filled
diamond, G. max; filled triangle, B. juncea sp.; x-mark, B. juncea sp. (red mustard);

open diamond, F crenata.
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3.1 #5

F2ETII BEFO Fuy 7Ly MERELZMEHA LT, S £ S ERMEYOREMM &
OFHE ) SRR EEE 2B Lz, TN ToOREBH 2R BRI L2 b TidRwn
DOKEMEZ T TR avikiBeorna vy ) — VEKERRME L L1285 ATH.
W DD OFEMBED RN MITECC UL LD+ 03 oKL ETEE 2 A L T, 20
DT ORIk L TR DB B D6 EWR N DO0dh D Z & 13F b T
V% (Yamashita et al. 2002; Kuwabara et al. 2012; Kuwabara et al. 2013; Kuwabara
etal. 2014), Bl x1X. & HILEMDFE DKW EIZ LR ERERVEGAETH
- Th, Y7 THIUTEBOKZIERAEYE S £ TV D AIREERS mW T2,
fth DIKEEIE A kE LT B A0 B ORI L E N RN R TE 5,

AMFFETIE, Fof BN ITRE Al ) O IKEZTE AR S TS M 2 R U e & & il B
22 E2AMELTWD, 2D, HEYDOEED LT HIKEIERHLERMEIZ L - T
HRSIREZ T M CEA B SERNW ENTEDINE I DERRDILERH D &
BRI M OHBEIZOWTHERZAT O & ITIIIERITR v Mg EITHE 2 T E ik
ICHRBRIE IR A EHET D70 8 LT ARIRALIR S 5 HIECTHFES (B 28+ 2208
DHDHME D DEFHRTNDHGELE 19955 Francko et al. 2011), Z D HFETIEL, FEBRIZ
B RTE S 2 O 1T 2RPUSIE DT TRERCT&E 52— T 0 IR LR L O
B — ISR DI RBR TN E2ET 5, ZOIZDLZHORE 2 — IR L Thl
HI DHE A2 30T 2 WREINHI R A BREE T & 2 FIEDR RN DE 2 T AE R, R B O Bl
R EICES VLN TWDEY —T7F 4 A7 EEFIHTH 2 LT b OB fif
RTELHHLDEEZT,

Z ZTARMIIETIER, NESWEDIF Z2ZBME L T EIEZHORE 2R ;R L T, 0
NRZPTRDZENTEDLINENEREELTC, S 6T, ERIETHLMEMOE ZHEH L
T, I X 5 BRSHI I RSOV T O RGE L7,
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3.2 Ak
3.2.1 TL—FEEEEE LYY —TT 4 R HEiE %

R 73— DK TR THe L TV DRI DIEWIZ L o THFRE LT 082k T 5
MEIINERARDID, R AF Ly vy — L (B 90mm, FS 15mm) (==
NV, 36-3406, —pd) O FIZEHEKR A T L CHEBEANEST D HEE U —
75 4 A7 & O CIER FICER AT LR EE 2 ET s hiEEER - RIT L,
FNENT L— MEAEE, V=77 ¢ A7 HRSE L AT TRBA FITT 2 2 L A2EE
L7ze 205 DO FETHKEIERLEEMIC X > CHREMHIDRE 2R 5720 0%t%
Mt L. E 7o) O HE I R A2 < 2,

(1) REBRAEHKE O

225 0O Ruy 7Ly NEHREE L FRRIZ, KEETERME & U OKEME (E. ananas)
Ze D TRABRES IR 2 TR U 7=, 736\ RIE DG RN DRRFERL ERSAF 2 ML T D 721,
BN, BEIZ E. ananas \Zxt U OKBEEREFEEEZ T~ T 2 E0RHE I TS (-)-
epigallocatechin gallate (EGCG) (Kuwabara et al. 2013) & kaempferol 7-O-8-
glucoside (K7G) (Kasuga et al. 2008, Kuwabara et al. 2011) 7RI 7 s 72 bnr
—LE LTHWTHEREZEB Z o7,

BRI & LT, IRE T 1.0 mg/mL @ E ananas., 50 mM ®O VU U EH U v AiEE
WKDIEN 1.0 mg/mL ® EGCG (4> 7 = / > EGCG, KfbE) & L < 1% 0.10 mg/mL
» K7G (13788, EXTRASYNTHESE) % /v /o, 723, 2 OBREEROFRI 7z
EGCG % b v 7 K&K, K7G A b v 7 BBIE O IR OREITTh L4 2.0 mg/mL |
0.20 mg/mL & L7-, 72, 2 br—EKE LT, EGCG X K7G Z M2 72Tk
B & U e U U LRER O & etk L . EGCG X K76 & OKEZ M 2z 7
U BRI Y U DERIER O B DR & FHE LT,

72 BB O T — FEFEE TIX, 5 2 B CHENE VOB AL EEEZ 695 2 &
BRABINIRoTT ey =Y Ly R AL =R, J~vA¥H Nyavix 7y
TAVa, AT TV, Fx¥/F, BATUE KRR, VANV RE—2 U7
VHWH E X T T 4 T Ay br— e LTHEEDIZE A ERP oA b2 v
Uit E W e, F72 U — T T ¢ A7 JHREETHE R L2 BEREMIL. 7 = =
IRAYY ForATa, Fx /¥, BAIAUFURRE, EleRxHT 473 b
— e LAY e afhiitiad Ao, ffitmix 2.2.2 O FETHRE L, KIEBE
0.10 g FW/mL Tl L7,

(2) 7L— MEAETE
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AIEOEFECHE L2 26 ORBRIERE R AT Ly vy — 1 EiZ 10 pL 779
EMRICHE T Lic, 1O Y ¥ —LVNIZH FT 5 E I E O EREE IR DS 467 RIS
RAHE oI Lz, —EORRICOZX IMDOT Y —LEMEHA LI, °CICHREL-ZT s
T L7 ) —Y— [BIEKE 7Y —3%— (MDF-C8V1, Panasonic) EWNIZT ¥ ¥ )ViliHizt
(ES100P, A 2u ) THIl SN/ —F —ZFE Lo b O] IZANL, ¥y — LIHOHE
JEXEE NS TDHIDDOBRR—NABOZELZ NS T-%IZ 0°C 3% E T 30 MRFF LT
5.9 KDy v — VEm2S HARE (—3, —4, —5, —6°C) £0.3°C (2725 % T 0.2°C/min
DEETHHA LT, TO%., BEYEE T 3 BEEMRFF L TR L-i@il 2 55 L <.
HAE L7 0BG 2Rk T-, BIRERIZDR L 5 REBZR-7,
WIZ.EGCGRKTG ZHNWT Y —7F 4 27 BkEEOERSEME 2 E LT-% . EGCG
R K7G Ofh 0 Ic& Mt & o CL i O KK AL ST o A 2 %
FREE L7z, 2 ORFERBRIANR & Aiih O3Bk & [ v v — VJER EIC 10 pL 972 1 #&
DY ¥ —VIZOERET >0, FEEIC 0°C 8% E T 30 MERFFL72%, 9D v
— VK2 HAEE (—3. —4, —5, —6°C) 0.3°C (2725 £ T 0.2°C/min O#HE T
MA L7z, BAJIRE T 3 RpIRFF L7212, 1k 2 TR 78 & THOOWTIRIE S E £ > T
VNI L7z &l LT, RS LR OFIS 2R To, 7eds, ARFEBRCIT AR
Izl EL BB o7,

(3) V=77 4 A7 Hi&lkL

TRIE DPEIRIC K o TREHSR OB DS BZ2 2T D RN B X b o 1o, JE3FR
ORI L 705 FERE T - 72 b DX, [F] U I8 2 BE O fk3E 24l 2097\ MEMA B 2 Bt
EATHRAT D Z LITLTL,

Y~ U B EEERFREN) CTEBFTHRAND, T~9 HIChT TREL
BRL, I<HEEFLTOOANA M AKREEZANTIEmm BEOY =75 0 27 Z{ERLT-,
A AT ATV EAaHOF A a i aN"—IF 2T A N EICERL,
+aEDOKEL 2T 23°C T 2 HEKEFTICKE W THRF S E%, 16 KEHE (70
pmol/m2/s) T 5 HAEER IW/-RAEND FELZBIL TERICHEE L,

s hrERaVE:  hryEra UL 20~30°C (HARBE., BROLE) CHEEZLD 3
PHABSELZLOOEZEIL, 105 mm BEDO Y —7F ¢ A7 Z/ER LTz,

T X XE: Ty XESIAAEVFLAEE 15~30°C (BARHE, ARLE)
T 5 PAURAETIELEbOOMAIELZRIL, 9 mm OV —77 1 A7 Z/FfL
776

FA A FEEERVT, WTFNOY =77 4 27 810 OO\ EICHET 52 &%

53



Bi<iediz ) —7F 4 A7 BAERL L, 1272 BICHMKIZR Lz, MBHEOY —T7F 4 A7
PAER LT, N— = A TRE DK 2+ brE L THRDLFERICHRT 52 &
W2 LT, XA 2 FEEFERGETICEOEEMEA L, R AF LRy —1 (HE
90 mm, EX 15 mm) [ZWE7T —7% 350 . 2D RIHER LT —T7 T 4 A7 %
oDV —T7F ¢ A7 LR L2 K DTy v — LINIZIE AT,

AITHO 7 L— NEAEE & RSO T, KEFERME & L OKEME (B ananas)
ZHWCHIA & [F URBRiAR 25 L7z, XU oIz, KEEME (F ananas) (ZxF LT
EGCG & K7G 2RV T 47 arbu— b LTRBREB I o7, RIC, SRS
itz AWz B Z o 7o, BBk 2% Y — 77« 227 EIZ 10pLii T L7,
LD Y % — LRI T T 52N ENOREBHER OB LT RBIC D X o1 Lz, —
FEORBRIZHOZ IO Y — LV EFEH L, CCICRELZT v T A7) —HF—|ZA
N, v —VIAOREZZ /NS THROOBER—NVI-OEFEZ NSRRI 0°C FE
T30 R LTS, 9D Y v — VIEHE A HAWRE (—3, —4, —5, —6°C) £0.3°C
(272 %5 £ T 0.2°C/min O THAEI L7z, D%, HHENRE T 3 ReI{REF L TH 6k
L 7ok 2 54 LT BRE L7k oEI A 2R iz, BRRERICD /2 &b 5 KIER
Zhot,

RERE OIEYI T IZ OV THIRES ENTZTEF L TSN E ) D EiND D701, 4L
HREZLICHE LD LS Lo T2 b OO —5 2 BAEA TSI L €, ERE R
HIVEIZ Ko TIaAAFR 2 E U7, MR IR S CIROKICE T U 7o A E IR AR
W3 2 BERURGEZPET D720, EOMIEH KD b DL OEME % T 5721 Fr<
VBN B D, ARIBALFR% DY R IS4 LT 5 3R BRIATK D EMRE % 5 < 72 DITHK D i
K TEAEGEGE L Ton, RBREICANT 1 mL OFKEZNZ 7,

A 100% & 0% DX E LT, YR Bicay br— /L ORBRERZR LT
T 3 IFHFE L7z D & —80°C DmHUE T 3 BB\ 725 i & [FIARIZ I K Tt
HLE-bOEHE L,

RERE A AL O LT TR HE T 3 B, BIEORFAT TRECIRE 9 LT b AIRIEDES
(G 2 8dE ARG (B173, IR RUERT) HIE L7z, HIER., Whlg/AKT T 10 /rRMinE L
THOLHE 2R E 5 L CEBEXMBEEZNE L7-, 21T Arora et al. (1992) D )51k
ERELTEHOTHY, UTOFRERNTHMIaAFRELFHE LT,

S-C
F-C

A7 (%)=100-——=x 100

o (IR ALER U 7= 3000 K VR IR 00 BB R R
T RIRALER U 7= BB D BB D KR O B AR R

L -BOCTUGRRIAPILEL L 1= BRI DI SN
= -80°C TS e BARALER U 7= B oD BT 0 KT D T R AR R
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o TRBILER LTV R B O A AU
™ SRR L O\ BB BVLER % 0 KR O TSR B

3.2.2 Ry FEZRAW=Y T A4 HHHE YO REIIFIZ R DR ER

ZORERTIE, Ay N OEISAE S TOKEME (E ananas) (ZX-> THEHI
D HAEIT e L C LKA E TR M & & DI ) O WA Y & ORREF %) Th 5 0% 7
L7,

RBICHAT 2Ry NI A avFEEET v ) FE 2RV, ¥4 arEET
50mLAEDT T AF v 7 MOKREE (wVTh I=Hv7) IZ40mLBENN—IF 2T
AR ANTIHOIA TV LE A aLFfivsaz 3RfEREL T, 20 RSB METN—3
F¥a2T74 b ATz, FOEOKEFENTHE 23°C ORFFTT 2 HEREIEIE2%, 16
K B (70 pmol/m?/s) T 5 HMABT S H b D02 RBRICH W, Fv / FHid& x
HEVFLARE A 20~30°C (HARARE, ARLE) Te AL EAFTSEZbLDEH
AV

FA a2 BEZHWCRBRTIL, MiAKEZEZE LSO, 0.10g FW/mL 7 ~ A -4
HaERE L= O, FIOKEMEZ (15 ST bMiAKZEE L O, BEIDOKEM
WEfESE T/~ A Pt aEZE LcboD 4 EAZHE LT, v / %l
AV I, TIOKBEME 25 S T DMK EMEE L b O, OISR
EAESE L7~ A Pt EEEZE L= b oo 2 FE2 AE L, 3EOKEME
AE SE A1 2.2.3 OHFIETHE L E ananas ¥R % 1.0 mg/mL [ZHi/K T
AFRLTHE 1 BOFEIZHE 2 pL OEH%Z 1 MO TEIR FCRBRIETEESE
Too KM 2 M7 S B WIGEICB W T, MikoiE (2pl) % 1AAOEIZSE 1
FHOWCRBRICHTES S, 20%, fikd L<IX7 ~A WYtz 7 7 A Bg e
(82-1201, =p%) THAEMKIZOIND L IICEANARIEHEL T, EHBIZ0CITTHE
L7l I 57 ) —F—NIZRELZ, ZOBICHEN 0°C LTI #ifEd 5 2
EaPIIET D70, AT v — VIO ONEEZH > TEIREE A 0°C & L7k
EEMRG LA e — 2 — % B E L7z Fig. 3-1 O & 5 @ ciRE Lz, £/-, b—F—
ZEMESETICERZITV, RIEAEIC L 2 TEO G DS EMIRIC ED X5 IR 2
EHZDOMNZONWTHGET 2 Z L2 L, ek, TEOHKE X, Ttk & a2 22 il LT
THEOM ORI THIE Lz, EEE, BRHAT 7 o ORBH12 Y RPTEIEE MK
T2 EE<TEDIC, FELEA2KEE S BER— LV REnst, 0°C T304
MTPHLThb, BRRE CGEOFIDOIREN—3, —4°C) £0.5°C T 3 Kffild L <X
16 FERLER L7 (F v / WA AW 2R B ClL, —3°C, 3B DAL M L72), iR
FEFR X ONIRHREE 1L E UV L a—4% (TR-74Ui-H, 7« 7> K5 4) CEmMITIZE
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WTCHIIE, Rk LT, WUBR% . XA 3 FEARTHRE LT, ENTWAEEE., Fv /%
HX 23 °CHIEDOEIRE T 1 BB W ZICHEEHIE L TV D IER A2 L, i LT
WRVMER (XA 3 E4) 77133 (Fv /%) OBEIEEHE L,
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3.3 8
3.3.1 ¥—LLE, BEUYRLEIZBITAKEHMEGFEE TOREDESE

7L — MEFFEER DT Y — 77 4 A7 HREIETIE, Rry 7Ly MEREICE - T
KM E. ananasiZxf U RV MRILETESE 273 2 EAHE SN TWAHEGC
G (BFE 1 mg/mLIZB T D KERKRBLEENE 3.2°C, Kuwabara et al. 2013) & K7G

(B 0.1 mg/mLIZEH T 2 KR EEM: 5.7°C, Kuwabara et al. 2011) %f{#H
LT, vy — VIEH b & ZEG) R REI I8 2 Wi OB O BRI 2 e L CmAIS:
EEETHZ LT LT,

OIS, V—7F 4 A7 fFEGRBRICH W - EoRsEmE (M) 1[2>WCTHEE LT
fEREBRRD, WTHOELKEE L T LT, KEMEOF B )b ST
WS HRE L TV BB, £ O THBIFR ICAEFRPRE KT LTV, LLIK
DR L TR o RETITAEFROR T IXIZE A E A LN o7z (Fig. 3-2), L
T2 T, RO BAE DA L > THEOAFOFENHMTE 5 2 L2 E%T 5,

7L — MEREETIE, —4°CTay bua—)v (E ananast V U EEH U 7 LEEER D
H) ORBEXOWHENETHAE L, VI Bh Y U LEEROAORBRXILI—6°CTHIZ
& EHRE L o7, EGCGRKTGE & Tk X 1T —5°CE Tk 80% LA Eift L7z
Motz —6°CTEGCGORBRIX T 70%., K7GORERIXITH 20% A3 HifE Lz

(Fig. 3-3A),

YU V=TT 4 A7 ETiEH, 2 br—ORBRXIFE—4CTaTHBL, Uy
fEh U 7 NRER D B OFBRIX T —6°CTH 40%030fE L7z, EGCGRKTGE & ek
B X R ALE S DR R & IS 2 EA B HIN L CTENEIUE 80%., #9 60% A ik
L7z (Fig. 3-3B),

HATVEA aryFEEETIE, ary bo—LORRXIZ—4CTETHEL, U mR
T3V 7 DRI DB DORRIX 1T —6°CTHIF & A L Lo 72, EGCGEE TR

AT ER F & IS AN L T —6°CTIEM 85% 2 ik L7, K1GE & Lok
BR XX —6°C TR 80% 23 iifE L7z (Fig. 3-3C),

FoEnay ) —7F 0 27 BT, 2y ho—LORBRIKIZ—4°CTETHHE L,
U T ) T MREEIRE OB ORBRIX T —6°'CTHIF L A LHE Loz, EGCGEE
ToakBR IR IR T & LI HAEEI A 2MEM L CT—6°CTIX 2T Lz, KIGE&ETe
BRI —6°C TR 20% 3 8iE L7z (Fig. 3-3D),

Fx /)X V=TT 4 A7 LT, ar be—LORBRXITZ—4CTaTHEL, Vv
BV 7 DNREIR D B OFRERIX T —6°CTH 20% 03045 L7z, EGCGRKTGE & ik
B XV T ALBRIE S DR T & T 2B BN L CENRENA 100%., K 50% 238
#L7= (Fig. 3-3E),
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ZhH0fER (Fig. 3-3A~3E) ZMIICA D &, vy —VER L& 4 FOIEEH
EonFhoRm FIcBWTHRBREITo 72480 Tlik, —3°C A TIXIE & A LEifie
T, —4'CHRE T hr—LORBRXMFITETHRE L-, E-AHEBENMETT 5
IZONTHAET DEIE R AT LT-,

3.3.2 KR TREIZHE T HIEYHHHE YO REHHZ R

— 3 COMEETIL., MMfhEY = AN CWipunway ha—)v (E ananast V) VEED
U U LEREIR D) &8s, 2 TORBRX T E A EHHE LR -7 (Fig. 3-4A~4E)
N, bvErav)—T7F 427 ETEay ba— ORI 10% DEFER & 5
776

— 4" COMFTIT, iR Z AN T ARnay bo—/WIETHME L, x0T«
Taryhr—E& LTHWEANY b By 42 5 0alBr XTI RIE 2 T L,
Flo. Uy —VERECTHRBRL TR I T 7 ar be— Lt LTHW Y~ 7 UEMH
W% 5 TeakBR X ITAD 90% 3R L7z, — T, 26 2 B COKEEME K ananasiZxt L C#
WKL ETEME 2 &2 2 L AR S N7 11 O 2 & 0BrX 3£ < T
#120% Uit L7gdso 7=, (Fig. 3-4A~4E),

Yy — VKR E (7 L— NEE) OWEIZ—5°CTIE, 5 2 B TEVIKEEKLE
EMEE H 0 11 O Y 2 TR BRIK 1% < TH 50%I1E L Losied, 7y ro
Va, TATI=Y, B AUFRKR, I~vA Y Ly R A ¥ — FERMEWIT
80%LL b, Fx /¥, UAN A=Y REF T HYYERMEMIT 70%LL E3Eis
L7227z, —6°CTIE, —5 CALER & 2 & BRI HHE LIz 2 ooy, 7
Y (K 80%WAE) . T (K] 60%HHE) HiHM A FRE, 50%LL LAMERE L
ST, Fv /F, Ny avFFXFEMEDLI60%U L, ForA Yo, Thoy <Y, &
AATEURKR, I, TN RA—Y AZTFEMHDIL 70%LL B3RS L
7otz (Fig. 3-4A),

Y~ IOV —=TF 4 A7 LORA, =5 CTIIHWZ 5 >OEEMH Y & & TeilBr XX
WD B0% LA EEREE Lisoro 7z, —6°CTIEY v 7r A ¥ 2 BB HAH 50%., &A1
U URREE, 7~ A WY ESHIEITK 60%., T =Y = VIR 70%. T
¥/ IR 80% s L7 (Fig. 3-4B),

A arFE LEOLRE, —5°CTIET ¥ /X, THZ V<Y, A 30X KRR
W% S e BRIXITH 30%., 7oA Va, I A Y IR 20% 2385 LT,
—6°CTIET ==Y 7 ~AFIHHEIHRK 40%., 7> 7 A ¥ 2 it 23459 50% .
YA I RREIEK 60%. F ¥ / SHIE®IEHK 70% 23585k L7 (Fig. 3-30),

frEwnay ) =75 4 27 EOBEA, —5°CTIE 5 SOMEMN TN HH 80%LL 1
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HHE Lo 7o, —6°CTIELY » 7 A ¥ 2 it 80%., 7 ~ A VI3 40% .
T A VI 50%. F ¥ /. BA I X RBRHIER 60% 03 L
7= (Fig. 3-4D),

Fx )XV —TF 4 A7 EOHAE, =5 CTIRY ~A V% & eilBRIX 138 5
0%, Fx /x, oA Y a2ERMEMITIKN 0% E, 7oy~ A3 X R
REHPIIH 30% B HfE Lz, —6°CTIET h =V <Y 7oA Y 2 i H# 50%.
A AU KRR, T~ A FHHEDIT 60%., F v/ FHIEYIER 80% 3R L7z

(Fig. 3-4E),

3.3.3 Ry FEIZE TS5 T A FHHAHY O RFEIIFIZIR

F2EWT ey by MRFEEIZ X VOKEME E. ananas DAL T THEZAIE VK
BIERRBLEEMEZ R LI EERtE o 5 6, 67 b— bfifiiE, V—77 4 A7
HAETH —3~—6"C DGV IKA FIRE TEWEREIEIZI R LR LT b DD 9
b, KA GICRITELEOMEMNR R/ OND 7 ~ A VI ESGHHP 2RI L T,
ANTRBENTEBE IR A AV EAEABIVRENTAETSELET v/ FHEHW
THRBREIT o7,

HA 2 FEAEEAWT—38°C T 3R AT o 7o G KEME % I E S
7o T=FEAIMK (Fig. 3-5A T E. ananas, “—”; Leaf extract, “—"), 7 ~A Wb
i (E. ananas, “—7; Leaf extract, “+7) OELLEEELZLDOTYH 5%nitk (1.
2 ER) WS L7c DA TIRERTOREENHIE Lo Te, FRERBEIOKEZMEZ 15
SETHiKZWETFE LT-F4 (E ananas, “+7; Leaf extract, “—”) X8 X 75% MG
L. 7~A VYR aEsE L7284 (£ ananas, “+7; Leaf extract, “+7) 13/ 10%
HifE L7z (Fig. 3-5A),

—3°C T 16 FFHLBR AT o 72356 Tldk, KR 2 148 S 72270 o 7o EA T 3 R
LB AT - 7o 55 L RARICIE & A Sl L7 dyo 7o, KEEME % (175 S BT btk
WEEE L7924 (Fig. 3-5B T E ananas, “+7; Leaf extract, “—”) (X 75% N HfEL, 7~
A IR 2% L T-52/E (E ananas, “+7; Leaf extract, “+7) 1% 10%#5E L 7= (Fig.
3-5B).

—4°C T 3 R 21T o 723556 Tl KB 2 18 S 72 o T EAITHIK, 7
~ A YK ONT N ZESE LT HER Lo 7o, KEMEZ 8 ST btk
ZhEgE Li-324 (Fig. 3-5C T E. ananas, “+”; Leaf extract, “—”) 1359 90% M #iAsE L.
7 <A PR 2 EFE L= FEAE (E ananas, “+7; Leaf extract, “+7) 1359 20% @ik
L7- (Fig. 3-5C),

—4°C T 16 R ZAT - 7255 Tk, KEME Z 158 SR 0o 7 F2AEITHMIK,
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I <A PO NTNEEFZE L THIEE A EHRE Loz, KEMEZ 5 S
TR EESE LT7-324 (Fig. 3-56D T E. ananas, “+”; Leaf extract, “—”) 134 80%
NEFE L. 7 ~A PV a2EsE L= 4 (E ananas, “+7; Leaf extract, “+7) 13
20%AE L7= (Fig. 3-5C),

EREOKEME 28 SE2TF v /I 2N T—3C T 3 A AEIT 7285
AT, MKEZEE LT v /7 @I U TREROENERE L, 7~ A PR
2R LT I3 LOR 16% O #ED R Lz (Fig. 3-6),

FA A RATIE, WS LI ERIEEEE T 5 & SIZZEN T, B LT euVER &
T S NTIRBED 7 > Tie (Fig. 3-7TA), £72F v / F TIHEGHE L2 EITHBER
N Hilz (Fig. 3-7B),

ARFRBR CIIOK R FRE T T 5 ERIC, HEORR 2P <lewice =2 — 2 L T
WAHN, B —F—ZEH LR LG8 TER G T 508 9 M, £l HEOBREN
TEEIR D BAE B2 AT E D Dy, LWV ) JUIZOWTHRGEL 72, —4°C T 3 I
EE U 72356, KM 2 I3RS S8 72 o T2 EA THiK (B ananas, “—7; Leaf
extract, “—”) b L <I%x7 ~A WYk (E. ananas, “—7; Leaf extract, “+7) &M%
L7eBATK 0% 0HE LTz, FHEREIOOKEMEZ 4 S8 TR ZEE L A

(E. ananas, “+”; Leaf extract, “—”) 138 70% 23 8fE L., 7 ~A VU HKRZEHE L
72324 (E. ananas, “+7; Leaf extract, “+7) 13/ 50% 23wk L7- (Fig. 3-8), F7=.
HHE LT FZEDPHD > TV 1 (K2 EAENA—IF 274 F) T LTEY,
FAN 3 EIRE LR Lo loR y b T EEOBR A LN 5T, —4°C T
16 FFEVALEE U 72 58 10K O & O, 8% LICIROEWIZ 06T, &
TOEANHRE L, HEL S THR L T\,

60



3.4 A
3.4.1 KEZHENTFET S rv—L L, BRELTORBEDRERE

RUAF LUy »—VEE EICERED L3y v— VNICEE L2 E3E0 T R
T LI OBHRE O R BZ TS &0 ) BBk, B U SE8R O B LR CRksE
~OF AR T DI LS BR LD TH D, Fric, B & H
WTREBRT 2 BT Y — 77 0 A7 UL L 440 OKGRUFIREE COIEOBHHREORLK
KA 2K OBHEZ ERAICHE CTX 2AEMMRELEE LTEL L, ZoRBRT;
ECOKBIERAETEMED B 5 & S TW DB O KIZIE AR ETE M X 2 HksE ]
NRERHTEDDBNZMEND LTI, KIEME (. ananas) \Zxt L CKEIERK
PHEVEME 2R 2 & 0NlE ST b EGCG (Kuwabara et al. 2013) & K7G (Kasuga
et al. 2010; Kuwabara et al. 2011) &% =2 b —L & L THWTHRBREZ 1T 72,

LlEl, UV —7F 4 A7 FHEECHE A L7 ARIERE LT BRI, 8IS X - TEsE
7B EEZWED Z LRSI~ (Fig. 3-2), 2O Z &%, AT 3G B3 ELF
T 572OIIE, EREHOBEOIKR T LY EiET 5 2 L B2 g iudzoenz
EEREWT D, Lo T KEMEIC X > TIES N D B 2 KR ETEPE S X -
TIET S Z & CEOBREHEEZ BT 5 2 &N AEELS T 5720, V—7F
4 AT FHEEEFIH U CEMEICEMET 5 2 SI3HIC R o2 b D R T I LN T
D,

Uy —UVEmEIC1#HSHZY 10 pL i T L2 7 b— MEGREE, 4 FEOIEY R B
0pLE F L) =7 T 4 A7 WREEO E L HICB VW TH—3C Tlday hr—b
CKEERIE & U VAR 2 & TR 1E & A CHEE T —4°C TIXa T+ 5
:k#%\:@%ﬁ@umL®ﬁ%i—&w40@W®mﬁfﬁ%¢é ENbmND
(Fig. 3-:2A~E), 5 2F0D Ko v 7 L v MIGEEICET 2 B0EE  CREEREIREE)
IOKZEAIE OWREN 2 % (2.0 mg/mL) THAHICHE0DLT—47CTHDLH, Th
X EOE [10 pL (RERER) & 2pl (Feyv 7Ly MERE) ] OWEAE L T
LRBOMBERLREIRDEE L T DEEXLbND, EBEIZT 7 U hoEIUCAEE
T2 %% 3 VB Lobelia telekii DAEFOFMFRIE OKEIGEZ AT 5) OWHFEEE %
1. 10, 100, 1000 pL OFETHIE LR, ThEFh—17.0, —4.8, —4.6,
—4.1°C & 725 Z EVRE STV 5 (Zachariassen and Hammel 1988), F£7-. &N
T D RBREOINEEE L 0 BUKMEICT 2 EHBEENS TR 2 Eb@EINTWVD
(Heneghan et al. 2004), W& ET 2 /¥ 4K MIL Fa v 7 Ly MEEHE CTIEERHIE
WICBONTE IR T NNAANLCHR E BT 203, ABRO T L — MFETIZAR U 2
FLUTHY, V=TT 4 A7 HEETIIHYIERT CTH D, TDH, KRBETR
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7y 7 Ly MEFEE & AR TTHERRE S B Lo, WENE - EITMx,
HRRZDZWEOREICHEL WAL ZLIERTLIHOTHL EELXBND,

LI, 1.0 mg/mL EGCG # RN L7254 Tk, WThoRim B2 T 6 OAsmEE
PMETTHICONTHFET H2EENEMLTEY (Fig. 3-3A~3E), THIZK LN
MRTHDLENVZ D, Wi Z#T D 5 FEOR M L CORBEMKTIZ LS BRsEIG O
INZ G L CTHD L, —4°C R TITHEHISICZZ EEITA LW, —5°C
LR CIE Y v — VIEHE BT 15%1E E LG L TNz b 59 (Fig.
3-3A). Y~/ URTF ¥/ FE LTI (Fig. 3-3B, 3E) . #A 2 7L TIEN
40% (Fig. 3-3C), b vEm 2% ETIEK 35% 23 5AE L T (Fig. 3-3D), 4 f&
BOBERMDM EDIF ) DHLNZHE LT W E3bnd, Zhud, Yy— L FE@mE
DHIEORHDIE ) DEREINTND I E CkEEE 2D 5D ONFAET D ATHRENE)
RO, REBKRPFEHETRWZ EERTLH2HOTHDLIEZEZLND, £lo, WT LD
BN TEH—5CnD —6°C DR THREIG A RE SEINT 52 Lnb 0 KM
BAE(E T ClE 2 DIRER D EGCG DKM A LET 2ROBRETHL LB R L
N, 2> ba—LEDOHFERE (—3~—4°C) DEIFN2°CTHDH, FRMEIZLT,
0.1 mg/mL K7G Z M L 7= HEIC oW TE 2D & EGCG UsINEF & [FERIZ IR EE MK
T DI OoNTHFEEIENEIML TN D, LR, EERTIZL 2EEEE D
#INE EGCG #MBE L 0o/ Th 0 . K7G O N5 2 3+ 22088 Emn L &
265, Fuv 7Ly ik T EGCG 1Z#EE 1 mg/mL T 3.2°C OKEEIE KL E
15 % (Kuwabara et al. 2013). 0.1 mg/mL K7G 78 5.7°C O KRR EE 24 L
TW5 (Kuwabaraetal. 2011) Z L2 H FE L TR WEEREWZ D, L LR
5. KB EEENEWVKIG Tho Thb Y~/ URF v/ FELTIE—6C T
50%LL EHifE L TR, XA a L FERC R YERr 2 VI EEIRT 5 & HHE LT
ZEMHIND, TOX ORI ENDEREIKIFEOHE L TV DR DIE M LV OKEER
B EE DNRN A SIS T EBRBEND, £z, REIC K DKL ENS
PAEDZEALIZ DWW T, 0.5 mM = V{LSRZ K IE & L CHIE SN 7-F12 &

%, 1 mg/mL ® a-oligoglucosyl quercetin 3-O-8-glucoside (=RJH=7 « =7 « 7
1) R EGCG (KBb7), Ah7xr (FEE Ry hals), Zr=vm (Foeiiis
T¥), AV I = (T T o) ZKEEREDE & U ORI ETENE 2
2pL & 1 mL OFETHE L7oRER, T 2himitiL, 5.8°C & 3.0°C, 2.9°C &
1.4°C, 85°C & 7.3°C, 4.8°C L 4.1°C, 4.7C L 47°C L7720, WENEZHZ EIT
& o TR B ETS M 238 3~ 2 W2 & % (Fujikawa et al. 2018),

IKEZAIEE A2 A2 50 mM U R U 0 SRR 0O & BIN L 72 Wi O IR LR T
ICLDHREEIAICERT AL, Uy —VERERLHX A2 7FE L MyERaVEL
TIE—6CETHEILTHIZEAEHFE L 2WZH 00063, Y~7 U, Fx /%
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B ETIE—6°C TENZENAK 40%., £ 20% D30 HE L7z, 2 AUTRNE OWIR A 8 LTy
LHRMEOIENRELR D Z LITERT L2 EEXONL1,. Fry 7Ly MFHREET 50
mM U e h ) o AREER OHAEIRE N —23°C mitk Td » (Kuwabara et al. 2011;
Kuwabara et al. 2012; Kuwabara et al. 2013), Y~/ U L F ¥ ) FELFEH L &
E OHPFFEREDN 2T E EFHT 5 DIIREIRTE T TIER <, FEOEEIZ—10°C L
DB E KR FIREE COKBIERE L 720 5 5 b DB FET DAL BE 2 5
VERNBH DG LI,

U EORERNG, 7'L— MEFEIERY — 77 4 A7 HFEEIT Re v 7 Ly MESE
& EBIOKEERILEREZ RS 22D THI EEZ NS, T L— M
EIE, ARIRAAERRT DI L DR EDEAC DO EE DI THTDITHEN Fa v 7
LUy MEFEED 5% (10pL) &72o TV, HEE2Z<HMTILERSH D, Lo
L. BN AOENE Ty —LThHDZ EmEITANZER i Thsiizn, #E
AR DNMEAT 272 EDOERD B o Hkm= (Fu v 7Ly ML) L0 EBERE
S ThD, 7b— MIFEERY — 77 4 A7 WREIEIREEEZ G T 20 B0 E A7 Y —
=V TTHHEE L TORVERTOL EEZOND, £V —T7 7 0 A7 BASIEIX
R TIREIS I 2 K OWHE 2 TG ORI Tl BN OREHIfFE LT
DR, HEHZ B EN TV D KOEREZRET 2EMREEE LTERTE S50
EEZBND,

342 Yy —L Lk, FYREIZEIT2EMBEYOREINFIZNE

T L— NEFSER U — 7 7 4 A7 FHREEISOKEEHIEE A ORI IOKEEI A E S
EWINT 52 & THRBOMMEZIIH CE 2 2 L 2METHHIEE LTHEHTE5Z &
Wo3inole, T T 2 B OKERAMEFEEMELZ 3°CRiEA L TW\W5D Z & 3R
IZREERHIZOW T, EOWREIHIZNIRE 7 L — FNEFERS Y — 77 1 A7 3K
Tl 1 THRRE L7z,

T — MEFSETIE R v 7 Uy MEESIEICB W OKEME £ ananas (2kF LT
3°C Hitk DKL EE Z R LT ey <Y, Ly RvRAH— R, 7~A W
. NyavFX FobATa, AETF TAYY, FTx/F, BAITUHUR
W, UANRF—=Y FHT7LD 11 O¥ERMEMERTT 473 bu— & LTKE
TR ETE AT E A ERE o ARY b, ¥~ 27 UD 2 SOEMEM E
THEBREIT- T2, BIEDFER L FERKIC—3°C TRV THORBRK THITE A CHHE L
o tz, —4°C TRET L L3 HT 47 2> ha—L I K 90% 2 HkE Lz
DN, KR ETEME A2 AT 2 11 OZEREIL 90% UL L3 siis &3 (Fig. 3-4A) .
ey 7Ly MEFSECRIECE 2150 R LN A bz, —5°C, —6°C DL
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HTHIZERROERD G ONTEN, AT TR0y KRR Z— R, 7YYt
(THL> 8 SO KV b LT WEIAIR A DAL, 72 11 ORI O
—6°C TORBFHEEIS & 1.0 mg/mL EGCG OARBHAEES (K 30%) < 0.10 mg/mL
K7G ORE#EEIG (8 80%) (Fig. 3-3A) L4 2 &, FERIHMIE—E DIKA TR
& C O FGREINHZ RO B ETE D &S 266 L RIEREIX L SO E RN mho
7=

4 FFOEG 2N — 77 4 27 BHESETIEY ¥ — LA DR EEOHIK |,
03 DR EERN IR R e > 77 Ly MEGRETE COKBIERLEFTEMEZ A L Tz 53k
Bex A7 47 a2y br—n 1 EBORZHNTN D, 4 EOVWTHOLEZHWT
b, T — MEFEES EGCG X K7G 2N L7258 125 DL fE R (RER T IZE
WG EIE DI %) L RBRORERP G DI, Y~ T VEST v/ FELZ W
bODITNEA L FHER N yER A VEL Wb O L0 HREEIG 2 & < 72 28 m
IZHDHZEBARTHY . FEOREZIRLHIL OKBEWE LD 556 D) OfFEN
HELTWILIbDEEZBND,

AERRBRICHE LR OB R (V=TT 0 A7) O, Wi OEHRIZ X 548
KD THDHEBZEZTWD, EEIC, FERLEEDR (V=771 27) (HFFI0K)
e — LIS TR 23 FEIC—6°C T3 RIALER L T &4 < 3RS L7327 o
Teo ZDTD, ABFFETHM L72ZE T~ A F 2ECCO R mE KGR PR Tk,
MR OKDBZHFE LT, ZOKDELZEICEIVENFET 20 B L5,
AN Tl EAR RIRDR B EN SN D 7o d . BELISN O ST HGRE L TR 5 "l HE
MHHEZLND, WIEDL 7YY (Rhododendron japonicum) DMl ik,
WAl 2. /INME. B, RED. B2 KIC ANV OKBAEME: (BREE) 2HlET 5 L
FNEN—5.7C, —6.4°C, —15.0°C, —6.2°C, —12.3°C, —12.4°CL 721 #fkic
Ko THRETDIRENRKE S Z R 5 2 ERHE SN TV D 7=H(Ishikawa et al.
2015b), BRI O @V S BRE LD 52 2L b+H3IcBEx bbb, £ L
X a7 (Forsythia viridissima) X°V ¥ a U (F. suspensa) 72DV X a V&
DI 2D BOKE AN TEOKOHFEREZNET S L, GO T—2.5°C (F
JIIS 2012), 7 —~_Y — L FED Vaccinium corymbosum cv. Weymouth=<° V. ashei
cv. Woodard D Clx =i —2.2°C, —1.7°CTHFET 22 EnRHESNTND
(Kishimoto et al. 2014), F7=. I3 A4V (Loiseleuria procumbens) DF %% 1T
WAL TN & =1 CHHE T DOEENHHRE 2 BRME L. B i LT <ERF 0381
2L XN TV A (Kuprian et al. 2014), £ D7z, UV —TF 4 A7 HiEETRET HEE
DR TRECERYNHAET D AREMNH D & BE L ORI HHRE U CIEDHRE L
e DN, EHHDEHRE LI ONHBI CERWABRER S D720, U —T77 1 A7 Hifs
IE T 2 BRI 3 22 O ARRE TS HE T DR 2> TB LERH D, *
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Tz, EBNAEF T DM TIRIELS OMBEBHET D720, AFEOBRIDO—>TH
2 AR E OPIEICHEN T 2 I E R 2 D TR Z T2 BERH 5,
AWFZECIIKR TIRE COMEMOK OB 2B, ERILLEOSE V=TT 1 X7
HREEEBR L, WUREMEZHE L, S FETIETF v/ FEICTF Y RERE L7126
IR OBERE & R IOKEZ MR (Xanthomonas campestris) % HFE L TZ & )D&
WMZE T KR TFRELBEZB R olcF v/ FEICHEAT DHHREORE I N ED
FREERR D2 T 5 & KEMEZ T 5 2 & TERHR L THEZ 21 T,
RBEDMIER T D &) #EN H 5 (Tomihama et al. 2006), LivL, UV—7F 4 A7 7z
EDTEYIR 2 AW THERE EOKPHERET 208 ) DOV TR SN TV S HiEE
R b0, BIMIAE T 2RI IIOKEME 2FE L, 2 AMERIR R B
FEEG 252 ENREINTEY (Lindow et al. 1976, 1978b, 1982), JKZMEEIC X 5
WREZBIET D HFEZOW TSN TETWD, ZOMFETITOIL TN D ENE
BRCIIAEM D FEAEZ EO/NSWVEERZEEH L7z & 9 2ilBiEn K<HEHEN TR,
RNy NROTT B —THE A T D FEAE 7 8L L CTIRIRAEE - 2 FiE T T
W5, ZIUTHASRTY =77 ¢ 27 JFEEIT D WREHC— EIZ 2 oRE O ik %
TH2EMTEDLRTHATHD EEZTWD, —FH CEBICHBE IOl
T 2 ITIFENER TIIHEMARIC ﬁ&@4/&&kﬁﬁ%%mwf\w%%_%%
TROIMESS L TRERZIT I X212 L T, BEMICRBROBI S KE S LT B
Wb, TOH, WEEILFIROIEDITHTEF ILICHH TE % 5 L mOE
I TEDL ) =TT A AT HREEIC L DA Y == TIIAETH DL L EX
TWo,

3.4.3 VAP YESMHRDEREIC & SHEYREDEHEIH R

Ay MEICEZET 2EEMRICIZ ) — 77 0 A7 BHEEIC X 2 3050 CuiRs sl zh 5~
DER SN E Th=y =Y, F¥/)F, FoiATa, 843 UX KRR,
7 <A YY) OEHHHO L, BAL TR KEOREZ LA G IR T X,
HERELEE THL V7 v A PV EG K Z R > MEICHESE LT, R EE 2 mfl<
TOMEN TN LT LT,

T A a2 EEEZRHWTERBE CORBRXIIL A a2V EAIHAKEEZ LZbD, 7~
A WY IEG IR ZEE Lo b O, KEMEZ 5SS THroMiAks L7~ A%
VEEHHIREZEZ LI bOD 4 RBRX Z3%E Lz, KEMEEZ S I ThRhotz
ARBRXILZ B ZBMAKS L <137 ~ A P ESHHR CIRN D720 THRET 20089
MEFEND DT OITERE LT,
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A A 3 FEAEEHAWT—38°C T 3 FFRELE L7=354 Cid, KEEME (£ ananas) %
A SEDZ & THBENHEEINT, KEMEZE S THAKRZESE L7 ERE
T5% DAERS GG LTe s, 7~ A P EEFHIHIKAEET 5 & 65% DK HRE A
1Ex# (Fig. 3-5A) . 7 ¥ A PHEES K BAEZ MBI L T\ D Z LRI
Teo Flo, 16 FFHAEE L7256 T8 3R L 725G L 13 L A EHBEIGIIED S
7 (Fig. 3-56B), 7 ~ A VI IEG IR BAE Z B T& 2 2 LR S vz,

—4°C THE L7556 Tl KEME A2 35 ST ~ A Pk 2 8% Lo
BRIX I 3 BEfE], 16 B & H 5 ORI BV T H K 20% DER) HAE L, —3°C THLHE
L7236 & B THEREEIA 2380 U CIR AR IS & 0 B F30RE L7 < 722 D 25
bilz, V=TT 4 AT FFEETHE A a v TEERAWEEAED 2 Fe—/LORERK
DHEFEIRE (—3~—4°C) THINFEAZHAWIZEHA TIE—3°C OAEE T & KM
P SETHIKEESE LIR30 72 0 OFIETHFBL TS Z enn, I°CR
EBHFRREN EA L TWD X212 Hz2 D, V—T7 4 A7 BEIE T OB O

(Fig. 3-3C) #&ETDL., A arFEE~A PV EEEZETNE—-5C D
SLPRC & R TS LW 2 E R TFREEN D,

T EENERE LK it — % —TIMET 2 LB EZREET 572D D EBREAT
Sl A, B—F—F Aol fER (Fig. 3-8) L 0°CEED L —F —% ALl
fEH (Fig. 3-5C, D) AL MNZE > Tz, LER-> T, E—H—% AN
G THEOBRENE o0 Lo T, MEWEEROERE T 2 /RN H2Ic B 2 b
oo LU, HEWERASIZERE L CEERROK S CHEE Lo iEE b B 2 b b
72, SORAMEEDBLETH D, WTHucHE L, LI EOK SN IRE T 5
AT e — 2 —CHEEZ MR L TR & 3 L TS BE T 2 fTREE R & 5 72
O, BRI & WU Lo B % ERE e iR G o nw e Bbh s,

3 FE 2D 16 Ref I LB A B R L C. BRsEI G038 Lo 7= (Fig. 3-5A
& 5B, 3-5C & 5D) B LT, BENOHEFMEEDIK FAZE X HND, dEE2 A
BOHNOHIREZREST 2 & RAIHMNBEMET T 5 2 &R gnoiz (Fig.
3-9), EEK FICrE > THIAHBES B Lanw s & CRARmICHEBEN BT, E
o EAEER L TLUEY, AR ZE LTOEEDHBEANKRELI D L) s
DELRN-TEEZEZOND, ZOX 707 EE2MIET D001, WAEEDNERIC
FAET DL XITREZ DA GHEZ BT 20ERH D, BRHHENZ L > THEIZITH
TEE 2 ERL L TR EIRRBR 217 - T2 AFZECRZE & 1978; Marcellos 1981; Fuller and Le
Grice 1998) %, & 2 13, FEE DIERUZ L RT3 03D % RROBEED K E W (KM 1
m U, ®mE 1~2m) A, WHERLROWREPHRETH D,

T/ XEaHOZRERIT —3°C. SEFRIOMBEO L LT TV W, 7 <A %
VEY KA EZE T2 2 L THES 2 TE 72, L LR s, MiKEWEE LIS
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BOREOHREEIEIT 50%, 7 ~A FHIHKEZEE L2 HEI3K 1% TH Y, &
A A FEETRERZ LGSR EENPRELS R o, REEOF v / F 1T 1 EK
BIRPHRT 2 Z &3 < EERNTHR L TWDEE LTWARWENRD -7, Ak
(2, MPZICER T 1 FIFEES EEBRATEA LT OIE LIV TR H 5 —F
TEEACPIE LeWIEDS H o 72729 (Fig. 3-7B). EIRTIE2 < EOHFEHIE %R
Too RO —HNERE LIZBHRE LT, 5L ZATEUTKPLHENMRET 572
D DEFER DN | AT 2 AN 3> T L E o o [REMENRB 2 Hivd,
B D IERZ T O D& HE 12> T Hacker and Neuner (2007)728% & TE
D, 1BHEICENEDT0.2ecm, ENHDOTH 5em (miFT 2 WA INTNWDHZ L
B HEFECRIFIC K> CTHAEDERHEEE N E B H 720 9 5, F72, Gusta
et al. (2004)(F~% A X7 v v A7 B—RA MB—XEEFLKER (0.1~
0.7M) %2 L7-AMIZEBIT HHAEDRHEEEZRE L TWD, IV ERE, Lh&En
KR TFIREIE EEHEHENELS 22 2 LRINTEY, —2.5°C TIX 0.3 M OBEE
NEENTO D KR DEFACRRR LTS E ENTWRVIKD 10 53D 1 FLE
(K 0.1ecm) £THEDL D, Fv / F i OMBROBERE ZHE L TIEW RN,
F ¥/ XFOENPGH L TR LK ORERE (0.10 g FW/mL T 110
mOsmol/kg, Table 2-2b) "HE X 5 &, EOMEKOWEEIREITEE mM (3H 5 & 5
b D ZENTE LD, WEDIEREEE GBS 25 2 & THR Mol T 2 A s
RFFH] 30 > THRE DS ER o Te R S B X bivd, F7H R EO—HOMBETITH
DM, WG OERE 2 15T 282 b O m LAEYOBA R OIS FET 2 2 L b Rb
T % (Hacker et al. 2011; Pramsohler and Neuner 2013; Kuprian et al. 2014),

BROF v /) FTIOL ) RPN FET 20 E D INI AW TH 505, BEA 2R
A L2 —2DREMEE L TE R BiLD,

THETIT, /BTG U CoEE 2 Mfl, Bk 228012100 5B 21T - 72
WEDNWSOND DL, TRY VX HAE, LEVOEICHRSNATWDHY O—FE
® kaolin ZB/KMEIZ LTRSS T 7 VLR Y ~— 2R mC #3252 & TR D
& ZBHIE LT, 10~30% 7 E 2 M Tx % Z & (Fuller et al. 2003)X°E 47 4 bk
REVEY BT A MO EMREBATT 52 LT, WHAET 5 AlRetED & 57K 2 WX
T52ET, VIAOREREOHBELMBEIT L LNTE DLV IMEDRDH (L
H and [LH 2009), £7z, HB%DKRI =F L 7Y a— L KEREEHET L2 LIk
V) BEE R TIC K D HAERENE S Z 2 ONADEHT YRV R EDENFATLE D
BEZEC TFHZ ENTE DI &(Francko et al. 2011, 1EHBEFIZRHTH S
W, KBRS TR T Ly o a~ Y FHIZ 0.1~0.01%F b L KRk %
EFET D 2 L TROK TR T0% DEE R AEZ I T & 2 & 9 S b & 2 O0F 1 1995),
WTFNOHBEICEBWTHHE—OWE (k&) THYH ., ABIZED X 5 IThEx {bE
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BETVD Z ENTREN WD Ot 2 VT 5T, ZomE

&) ZHEATIUEHE EFROBENE LN Z LR HIfFTE 5, L L2an
5, ZHEOILEDEELLDOTHIHIEINLINENIEZ ST TE S, —RICITHE
FINIKBEMEN L ELZ KFL TWVDH EEZX LTSN, F v /% TIIOKEME T
FIETDNEFEE~OFBIEATEXIBREOLOTH Y, MYHROKEE KRG
NEELREREZ LS TWVD EWVIHEL H 5 (Goto et al. 1993), F D 7= bR ERS I
(ZIOKEE 720 T 72 < A I R DOKEETE U E 70 £ Rk % 7o K IETE B E 2%t i ©
X 2 A REMED & DRI O L 5 BB EME G AT Db OEERTH 2 L
ZH+aRERNH D EEZ LD,
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Fig. 3-1. Cooling system of the seedlings in the containers. Effects of the anti-ice
nucleation activities of the plant extracts on the seedlings were studied by using
programmable freezer (A). The heaters (heating tapes) were placed in the bottom of
foamed polystyrene box (30%21 cm) to prevent soil from being frozen in the cooling

process (B).
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Fig. 3-2. Survival rates of unfrozen and frozen leaf segments after leaf disk
freezing assay. Survival rate of leaf segments after leaf disk freezing assay was
measured by electrolyte leakage method. (A) Mulberry leaf disk [n = 51 (unfrozen),
n = 30 (frozen)]. (B) Radish cotyledon [n = 47 (unfrozen), n = 30 (frozen)]. (C) Maize
leaf disk [n = 52 (unfrozen), n = 28 (frozen)]. (D) Tea leaf disk [n = 42 (unfrozen), n
= 28 (frozen)].
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Fig. 3-3A. Freezing curves of aqueous droplets with anti-ice nucleation polyphenols
on the bottom surface of polystyrene dishes. Sample droplets on polystyrene dishes
were cooled at a rate of 0.2 °C/min to designated temperature and kept at the
temperature for 3 hours. Number of frozen samples were counted after cooling.
Sample droplets (10 pL) contained 1.0 mg/mL E. ananas, phosphate buffer and
polyphenols ("1.0 mg/mL EGCG" or "0.10 mg/mL K7G"). Control droplets (10 pL)
contained phosphate buffer in the presence ("Control") or absence ("Phosphate
buffer") of 1.0 mg/mL E. ananas. The assay was repeated at least five times at each

temperature, and the mean value of unfrozen droplets was calculated.
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Fig. 3-3B. Freezing curves of aqueous droplets with anti-ice nucleation polyphenols
on mulberry leaf disks. Sample droplets on polystyrene dishes were cooled at a rate
of 0.2 °C/min to designated temperature and kept at the temperature for 3 hours.
Number of frozen samples were counted after cooling. Sample droplets (10 pL)
contained 1.0 mg/mL E. ananas, phosphate buffer and polyphenols ("1.0 mg/mL
EGCG" or "0.10 mg/mL K7G"). Control droplets (10 nL) contained phosphate buffer
in the presence ("Control") or absence ("Phosphate buffer") of 1.0 mg/mL E. ananas.
The assay was repeated at least five times at each temperature, and the mean

value of unfrozen leaf disks was calculated.
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Fig. 3-3C. Freezing curves of aqueous droplets with anti-ice nucleation polyphenols
on radish cotyledons. Sample droplets on polystyrene dishes were cooled at a rate
of 0.2 °C/min to designated temperature and kept at the temperature for 3 hours.
Number of frozen samples were counted after cooling. Sample droplets (10 pL)
contained 1.0 mg/mL E. ananas, phosphate buffer and polyphenols ("1.0 mg/mL
EGCG" or "0.10 mg/mL K7G"). Control droplets (10 nL) contained phosphate buffer
in the presence ("Control") or absence ("Phosphate buffer") of 1.0 mg/mL E. ananas.
The assay was repeated at least five times at each temperature, and the mean

value of unfrozen cotyledons was calculated.
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Fig. 3-3D. Freezing curves of aqueous droplets with anti-ice nucleation polyphenols
on maize leaf disks. Sample droplets on polystyrene dishes were cooled at a rate of
0.2 °C/min to designated temperature and kept at the temperature for 3 hours.
Number of frozen samples were counted after cooling. Sample droplets (10 pL)
contained 1.0 mg/mL E. ananas, phosphate buffer and polyphenols ("1.0 mg/mL
EGCG" or "0.10 mg/mL K7G"). Control droplets (10 nL) contained phosphate buffer
in the presence ("Control") or absence ("Phosphate buffer") of 1.0 mg/mL E. ananas.
The assay was repeated at least five times at each temperature, and the mean

value of unfrozen leaf disks was calculated.
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Fig. 3-3E. Freezing curves of aqueous droplets with anti-ice nucleation polyphenols
on tea leaf disks. Sample droplets on polystyrene dishes were cooled at a rate of

0.2 °C/min to designated temperature and kept at the temperature for 3 hours.
Number of frozen samples were counted after cooling. Sample droplets (10 pL)
contained 1.0 mg/mL E. ananas, phosphate buffer and polyphenols ("1.0 mg/mL
EGCG" or "0.10 mg/mL K7G"). Control droplets (10 nL) contained phosphate buffer
in the presence ("Control") or absence ("Phosphate buffer") of 1.0 mg/mL E. ananas.
The assay was repeated at least five times at each temperature, and the mean

value of unfrozen leaf disks was calculated.
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Fig. 3-4A. Anti-ice nucleation effects of leaf extracts on cooling of aqueous droplets
on the bottom surface of polystyrene dishes at subzero temperatures. Sample
droplets on polystyrene dishes were cooled at a rate of 0.2 °C/min to designated
temperature and kept at the temperature for 3 hours. Number of frozen samples
were counted after cooling. Sample droplets (10 pL) contained 1.0 mg/mL £
ananas, phosphate buffer and 0.10 g FW/mL leaf extracts. Control droplets (10 pL)
contained 1.0 mg/mL E. ananas and phosphate buffer. The assay was repeated at
least five times at each temperature, and the percentage of unfrozen droplets was

calculated.
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Fig. 3-4B. Anti-ice nucleation effects of leaf extracts on cooling of aqueous droplets
on mulberry leaf disks at subzero temperatures. Sample droplets on mulberry leaf
disks were cooled at a rate of 0.2 °C/min to designated temperature and kept at the
temperature for 3 hours. Number of frozen samples were counted after cooling.
Sample droplets (10 pL) contained 1.0 mg/mL E. ananas, phosphate buffer and 0.10
g FW/mL leaf extracts. Control droplets (10 pL) contained 1.0 mg/mL E. ananas
and phosphate buffer. The assay was repeated at least five times at each

temperature, and the percentage of unfrozen leaf disks was calculated.
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Fig. 3-4C. Anti-ice nucleation effects of leaf extracts on cooling of aqueous droplets
on radish cotyledons at subzero temperatures. Sample droplets on radish
cotyledons were cooled at a rate of 0.2 °C/min to designated temperature and kept
at the temperature for 3 hours. Number of frozen samples were counted after
cooling. Sample droplets (10 pL) contained 1.0 mg/mL E. ananas, phosphate buffer
and 0.10 g FW/mL leaf extracts. Control droplets (10 pL) contained 1.0 mg/mL Z.
ananas and phosphate buffer. The assay was repeated at least five times at each

temperature, and the percentage of unfrozen cotyledons was calculated.
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Fig. 3-4D. Anti-ice nucleation effects of leaf extracts on cooling of aqueous droplets
on maize leaf disks at subzero temperatures. Sample droplets on maize leaf disks
were cooled at a rate of 0.2 °C/min to designated temperature and kept at the
temperature for 3 hours. Number of frozen samples were counted after cooling.
Sample droplets (10 pL) contained 1.0 mg/mL E. ananas, phosphate buffer and 0.10
g FW/mL leaf extracts. Control droplets (10 pL) contained 1.0 mg/mL E. ananas
and phosphate buffer. The assay was repeated at least five times at each

temperature, and the percentage of unfrozen leaf disks was calculated.
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Fig. 3-4E. Anti-ice nucleation effects of leaf extracts on cooling of aqueous droplets
on tea leaf disks at subzero temperatures. Sample droplets on tea leaf disks were
cooled at a rate of 0.2 °C/min to designated temperature and kept at the
temperature for 3 hours. Number of frozen samples were counted after cooling.
Sample droplets (10 pL) contained 1.0 mg/mL E. ananas, phosphate buffer and 0.10
g FW/mL leaf extracts. Control droplets (10 pL) contained 1.0 mg/mL E. ananas
and phosphate buffer. The assay was repeated at least five times at each

temperature, and the percentage of unfrozen leaf disks was calculated.
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Fig. 3-5A. Anti-ice nucleation effect of S. senanensis leaf blade extract on cooling of
aqueous droplets on radish seedlings. After radish seedlings with (+) or without (-)
application of . ananas (2 ng) on surface of cotyledons were sprayed with (+) or
without (-) the extracts of S. senanensis leaf blade (0.10 g FW/mL), the seedlings
were cooled at —3°C for 3 hours and the percentage of unfrozen seedlings was
calculated. The assay was repeated twenty times, and three individuals were used

at once (n = 60).
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Fig. 3-5B. Anti-ice nucleation effect of .S. senanensis leaf blade extract on cooling of
aqueous droplets on radish seedlings. After radish seedlings with (+) or without (-)
application of £. ananas (2 ng) on surface of cotyledons were sprayed with (+) or
without (-) the extracts of S. senanensis leaf blade (0.10 g FW/mL), the seedlings
were cooled at —3°C for 16 hours and the percentage of unfrozen seedlings was
calculated. The assay was repeated twenty times, and three individuals were used

at once (n = 60).
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Fig. 3-5C. Anti-ice nucleation effect of S. senanensis leaf blade extract on cooling of
aqueous droplets on radish seedlings. After radish seedlings with (+) or without (-)
application of £. ananas (2 ng) on surface of cotyledons were sprayed with (+) or
without (-) the extracts of S. senanensis leaf blade (0.10 g FW/mL), the seedlings
were cooled at —4°C for 3 hours and the percentage of unfrozen seedlings was
calculated. The assay was repeated twenty times, and three individuals were used

at once (n = 60).
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Fig. 3-5D. Anti-ice nucleation effect of S. senanensis leaf blade extract on cooling of
aqueous droplets on radish seedlings. After radish seedlings with (+) or without (-)
application of E. ananas (2 ng) on surface of cotyledons were sprayed with (+) or
without (-) the extracts of S. senanensis leaf blade (0.10 g FW/mL), the seedlings
were cooled at —4°C for 16 hours and the percentage of unfrozen seedlings was
calculated. The assay was repeated twenty times, and three individuals were used

at once (n = 60).
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Fig. 3-6. Anti-ice nucleation effect of \S. senanensis leaf blade extract on cooling of
aqueous droplets on tea seedlings. After radish seedlings with (+) application of Z.
ananas (2 ng) on surface of cotyledons were sprayed with (+) or without (-) the
extracts of S. senanensis leaf blade (0.10 g FW/mL), the seedlings were cooled at
—3°C for 3 hours and the percentage of unfrozen seedlings was calculated. The
assay was repeated five times, and 249 and 246 leaves in total were used in

samples with (+) and without (=) leaf extracts, respectively.
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Fig. 3-7. Seedlings in the regrowth period after freezing.

After seedlings with (+) or without (-) application of . ananas (2 ng) on surface of
leaves were sprayed with (+) or without (-) the extract of .S. senanensis leaf blade
(0.10 g FW/mL), the seedlings were cooled at —3°C for 3 hours. (A) Radish seedlings
just after thawing. (B) Tea seedling regrown for 2 days at room temperature.

Arrows indicate damaged tissues.
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Fig. 3-8. Effect of the soil heater preventing soil freezing. After radish seedlings
with (+) or without (-) application of . ananas (2 ng) on surface of cotyledons were
sprayed with (+) or without (-) the extracts of S. senanensis leaf blade (0.10 g
FW/mL), the seedlings were cooled at —4°C for 3 hours and the percentage of
unfrozen seedlings was calculated. In this assay, the soil heater preventing soil
freezing was not used to confirm the effect of soil freezing on plant freezing. The

assay was repeated seven times, and three individuals were used at once (n = 21).
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Fig. 3-9. Temporal change of the temperature and relative humidity of —4°C
freezing assay using radish seedlings. The temperature (gray line) and relative

humidity (solid line) were measured at leaf surface height.
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BAE IRAYYERICEFTFNHKEREAEEVED S B

4.1 ¥&E

52 BETIE, 70 L O OFERRRA D IR U - Hh ) ORCEHE IR 2 F v OKEZH
EHAFE T COKBHERILEFEEZFRIEIC A7 ) —= 795 Z L1k » T RERRIR D
AR 2K 2~3° C IR N S EO1EMEZ AT 2R +8FE S il sz, £, 2
FCHE SN TE MR TIL, BIARD B Y F (Cercidiphyllum japonicum) O AEBHEK
MBIE7 TR 7 — LV EE R (Kasuga et al. 2008)<° MK 43 figh: # > = (Wang et al.
2012)0%, FEENDIZ T = =T m X ) A R (44 %7/ —/1) (Kawahara and Obata
1996)723, ¥ A Ut /% (Chamaecyparis taiwanensis) 75X 7 V% (B /%
FA—/) (Kawahara et al. 2000)23, JKEZHIE AL F CORBERALFEM: 2 R I(LE
W& LTENENGHE - FESNTWD, EMHESRLS Tl MIEESkO 2R #
NI REHRRORES R IE | AGES TR ERHE ST % (Kawahara et
al. 1996; Duman 2002; Wowk and Fahy 2002; Yamashita et al. 2002; Holt 2003; Inada
et al. 2017), % 2 TV T, KRB ETEEZ Bt L7237 & fl B
ET 50%7 & o AKBEKRZHER LTS, 207, ZbofittimhicEiEns
(LA O R D SZFERRC X XV EORNTIFEAE RN EEZDND, B
ZHL BERTAHENTWD bD LFERRIC, 7R A FELF V=, V==L
TasR ) A R, TSR 8O X O I I s O A BRI S AR Lo < K
BIEfRT D L O BT X o OKEBIERBLEIEEDS R T SV TR B 2 Hivd,

ZZTAETIE, AETITHRDINTWRWEENT, 23D T OIKEETR AR BHE
TETED LI R S O 2 SEER M EHZ W TS EM - 2 08 - [RET D 2 L # 5t L
Too RINTH 7~ A FHIE, ENOFHMKKRICZEITERT 21 A~ 2AGPRO—>
ELTHOLILTEY, BB TIEARWOFHARRERERNZWEZEX bND, 7~ A
P O K AL ETENE 2 SRR S L ~FIRA T 22RO FEE TR L5721 TH
AUE, ZOIEVER T IZBET 22813047 L S METIX 2V LitZey, LarL, £
ORI E I DIEMR Y DFRFE L F M bISHATFERNIC S BIREN S DO TH
Do TEMERSY 2 [RE L CE DIEHEORHELH] 5 TEIUL, A% OMRICH R 7245
AR TE21TTTHD, FlIX, BLLAETITRFELIZZ EDRVWARY 7=/
— /L THIUX, EORERITHESE LIEEOHBEOBRICHHTE 5, £/, FNNIEER
(R ThIUX, EORS I L THEYEREZ A7 ) —= 7352 8
HARETH D L, BIEWOWBZEN T2 T B/ & OB L2 E~FIH
LI DOBRNE LT LN TEDL0E LRV, 207D, KHOH LR, 7
~ A PH ISR E ETO DKL EDE D538 - [FE 2R ATz,
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4.2 BHBELUAE
421 74PV ESHEYDOKEHEEBEEELEZET S5 LEVOLE

2016 4 8 AIZHREU LT 7 ~ A4 Y HEF 100 g (EffERE) ZRAEFET TH mm M
FUAFICHERE L, 3B 558 500 mL O A % J — )V &INz CL<HEH L., dEEEet
LN b—BiE L, Z£D0%ET A4 FABEZITV., AikE 30°C Tr—& J —x 3
RL—&—%fH U CHE L7e, [ UToElE 2 — B E A0 7 ~ A FHIEF R
[CAFAVTCHRREERhH, A, #EOBREEZIT -7, 2 Bl TR LMY % H b
BT, ZNEREE WA EC T L7z, I3 LT 10 58D n-~F ¥
fRrFN=2/17%ZMA TR L%, EEZEINT 8L 2 [E# R L7z, KIZ,
Z OWE TR F V2 O CRERICHH 21772 > T EEZEIL L 72, &BRICA X
J—=VERER LTI 21T > T REEZ BRI L7,

WIZ, ZNZENE LN EEE S 2 AW OB ETE 2 R1E L, IEPEO &)
STEESZNEFE T L v~ 7T 70— (fHIK . Wakosil C-200, FOGHIZE T3E) (12
LTl Lz, WRERE LTRANCZ Bk s /AL ) —L= 4/1 Z W THE
HL7E%, DI LBRREEGEMHEEDOAY ) — NV EANTELIIMEEZRH S Y, 72
B, TOFMFTEHENTLS 2WEIZT7 7R 7 — VEFEKRE PRI 720, KEF
BHETEME % © D quercetin 3-O-B-glucoside & kaempferol 7- O-B-glucoside % FEfh &
LCHEHE /I u~w T 7 40— (FL—k: U760 Fasa, Merck) (20T, =2
TOBENEZ 2B L CIRBER O/ A2 D E LTz,

AR Z L7~ 757 4 —TiIf 50 mL T >0 L7-%. Oz H\WTiH#
Brua~ 777 40— (BHEK : 7avaksvs,/ A% ) —n=3,/1) 2L TEKHESL
DSy MR Lz, FRRTHW 2O 7 7R 7 — VEEROBEIE L v b Rk&E»
BENE 2~ L72E5 (Fraction a), [RIFREOBEE 27~ L7 E 4 (Fraction b), il
UTOBBELR LICES (A2 ) —ViEHEyZ &) (Fractionc) O 3 -DIZ47H
L7z,

D%, I HITKEIRILEEEO &> Tl & A XPER7 v~ N 7T 7 4 —
[#8{K : Sephadex LH-20, GE healthcare (910x250 mm) ] (Zfit L CoHE %1772,
WRERIZIZA 2 ) —v /7Kk=40,60 Z A\, §iE 1.0 mL/min THEEZITR o7z, £
N 2.5 mL 200 L, 350 nm (Z351F 2 WICEED 143012 T2 % & Tor itz fitfe L
Too EBKET LTtk SHEIIZOWTHOEEET (ultrospec 3300pro, Amarsham
Biosciences) % VT 200~500 nm OWUL A7 RV Z2#IE L, 330~350 nm (ZW
IR —27 NI HILT-E Sy (Fraciton III) (20 mL) . Z D& D4y (Fraction IT 38 X
O'IV) (% 125 mL), Zh LS OE S (Fraction [ BELTV) (375 mL & 92.5

mL) DF 5 SDEIIZPITH T LIT L,
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Z LT, D OH DB ETE O @ h - 72 Hi4y % WifH HPLC [ 717 A
Wakopak Wakosil-II 5C18 HG (94.6x250 mm) (Fuygifizk) ] (2t L CHmz21772 -
Too TITIETZ#+ FEAF— KT LA Fttids (L-7455, HXinNA 77 /ny—X) T
200~500 nm OWIN ALY "L ERIE LB L, OB L0V % Lz, Jitidld 0.75
mL/min & U, &BEERIZIZ, 0~30 /0ix A ¥/ —/v/7Kk=40,760 %, 30~40 /3T A
B )=,/ IK=40,60 5 AKX J—)L,/Kk=100,/0 ~DHEMREE AR %, 40~45 %)
XA X ) —)/7k=100,0 %, 45~50 /3 A % / —/v /7/K=40,60 % Z LI
W, EHLTE =2 DT LTc, oo B — 25 OH i bR REE
EEDRH SN b 02 EESHT (ESI—MS) (Exactive, Thermo Scientific) (Zft L
THTEEZNEL, CEREZ SR L T OMEEH#HEE LT,

KRB ETEMEIL 2.2.56 O Ry 7 Ly MEFSEIC K D BEE L, H L7k
B IOKAE E. ananas, filit4=o53 B U725y OPR 1L 0.1 g FW/mL & LT
225 LT RTHEIUGMLE D L ICTHE L CIERRE E LT,

4.2.2 73R/ A FEEREAEDIKZLRREEFEDRE

HEA U ORI EIEEZJE LZEL T O 6 FHEO 7 7K /7 A4 FEFERIZAS ET
2% < OFEFEOIEENHE SN TE LT TR ) — VEHEHA L 1T R o850E (77 ) 2)
ZFFOZ & CIEMRICENEC D50 E ) D ERGET 572 0OIZ&@ IR L 7, luteolin 7-O-B-
glucoside (1126S, EXTRASYNTHESE) . luteolin 6-(C-8-glucoside (02187, SIGMA-
ALDRICH) . daidzein 7-O-B-glucoside (1371S, EXTRASYNTHESE), daidzein 8-C
B-glucoside (P1886, H nfbk T.2%) . naringenin 7-O-B-neohesperidoside hydrate

(N0073, HHALRL T.35) . hesperetin 3-O-B-rutinoside (H0049, #r{bpk T.%) %0k
AL (Table4-1), Fu v 7L v MEAEIEIC L VOKEME E. ananas (X 2 KL
PRENEMEZBE Lic, 778 7 A FEFERORE KR 1.0 mg/mL [0.10%(w/v)] &
L. 225 ® ey 7Ly ML E R USSR TR ETE M2 JE L CBERD 7
TR A R EOfEELIEM (Table 4-1, Fig. 4-1) OF A Lk L=, luteolin 7-O-8-
glucoside D A HEIEE 0.10, 0.010 mg/mL T & KA L ETEM: ORI E Z1T - 7=,
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4.3 #ER
431 VYIATHEGHEVDO L E S & VES DKEBEEEEE

HEO 7 <A PHHEL 100 g & 5 FEOA X/ —/LTHitiT 5 &, 4.01 g Ot
BBz, ZOKEERLEENET 3.6°C Th o7 CKEEMERE 2.0 mg/mL, filiH
WL 0.10 g FW/mL & LC Fr vy 7Ly MEGRHE CTRIE) . 2 OfliHi % [E4E, AR
HHIZ K> THE L7z, 10 fFEO~FV v Hilig—F /=21 T 2 [EiH#EEE 1T -
=& ZAH,0.79g D~F Y o — Rk F LA EVER 53 215 T & OIKEZIE R E S
0.4°C ThoTo, iC~FH v Hilg=F L =2,/ 1 [ RRTH 55y & HEfg— F /L Tl
H L7z & 2 5,0.03 g OFFEET F/VAENER 7y 245 T, IEME 0.0°C Th o7z, fit T,
W~ F VIC O RIE CHDLE Gy E A X ) — /L T35 &, 2.66g D A X 7 — LRI
W5y 25T, ZOIEMIL 3.3°C Thole, £T0AF ) — /UMb RNETH Dy (AF
— VARPEVEESy) 12 0.80 g THY ., EOIEMIX 0.8°C TH-7= (Fig. 4-2),

KRB ETEE D @@ o T A &2 ) — VAR NS ) S v a~ N7 5
74— T E T o T, BROKEERILEEMED & 5 2 & 03 HiE STV 5 quercetin
3-O-B-glucoside & . kaempferol 7-O-B-glucoside (Kasuga et al. 2008) 2 2D 7 7 7R
J = NVEHHARDOBENE 225\ L C, 7 7R ) — /VEFEROBEEE (Fraction b)
& ZDwit% (Fractiona,c) D 3 -ODM[43Z57 W L7z, Fractiona i£0.10g & 54, I&
1% —0.5°C, Fractionb 1% 0.33 g 1§ 541, 1&MHIE 2.7°C, Fractionc 1% 0.41 g 15 541,
M 1.7°C Th o 7= (Fig. 4-2),

HWT, NEfRD 7 57 v~ h 7T 7 4 —@ Fraction b DKE %A AP o~
N2 7 4 —ThHE L7z, Fraction I~V OiEMEIZZNZ4 0.1, 0.1, 1.2, 2.9, —0.1°C
Tho7o (Fig. 4-2),

S Bz, Fraction IV # ¥4 HPLC TH#h 7% & Fig. 4-3 DX 5727 u~ M 7T A0
B oz, Fraction IVO—#% Fig. 4-3 T/RL72 X 912 Fraction 1~6 {2570 L T,
IEPEZHIE L=, Fraction 1~6 O#EM:% 0.0, —0.1, 0.1, 2.3, —0.1, 0.2°C TH»
7= (Fig. 4-2), ©¥— 7 HEN K& o7 Fraction2 8L M 4 OFNEIDE—27 D 200
~500 nm (2T DN AT ML ZFi~5H &, 210 nm & 350 nm {FIE TN K
X< poTWWiz (Fig. 4-4), Fraction2 & 4 % ESI-MS (kL7 &2 A, EHBE
[M-H] =491.12, [M+Na]+=515.12 O A 4 v'— 7 #%57- (Fig. 4-5A, 5B), F&E'H
BN TIE Fraction 2 & 4 TEALELHIM-H] =491.12026 & 491.12057 %#437C,
C23H23012 (M=491.11950) & OFEZEIZENZEI 1.55, 2.18 ppm Thole, ZTDZ &
25 Fraction2 BEX 6 IZHENDMEDDOHFRITEDL L H CasH2u012 THD & T
Bz,
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4.3.2 73R/ A FEREADIKZLRREEFME

KT EFEMEZHE L- 6 FED 7 TR ) A FEHEARD 5 5 luteolin 7-O-8-
glucoside D7, 3.0+0.1°C D Ll m VORI ETEM 2 A L Tz, 10 430 1,
100 43D 1 D 0.10, 0.010 mg/mL ICB W THFHFh 2.6+0.3, 2.1+0.5°C DiEM:
A LTz (Table 4-1, Fig. 4-7), o 5 FIED 7 TR /A RECHHADTEM I3 0°C
T, T EAETEREZB LW eo 7= (Table 4-1),
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4.4 ZE
441 YRAYHYEBICEFTNDIKEEABEETEEZET HELEY

Fraction 2 B X4 ODZNENDE—7 D 200~500 nm (ZF1F WU AT K LiX

210 nm & 350 nm L CHRHENRKE < o> TEY (Flg. 4-5), WRIR)72 7 Z R 7 A
ROWSE#RCTH 2L b, BEOIMCIV 0 +RITEL S CesHuO12 TH D &
THRINEZENL. TTR A ROT T Y a HsCHER 1 A LTV DL HDT
bbEFEZONT, 7~vATHIZEEND T TR A REFEHERIZIL luteolin 6-Cra-
arabinoside, luteolin 7- O-B-glucoside, luteolin 6- C-B-glucoside, tricin 7- O-hexoside,
apigenin 6- C*dipentose 2375 AL TV A (A H ©H 2008; Matsuta et al. 2009), ZiLH
DILE D FENPOEZ D L HESHT THE G CesHeaO12 2727 DI tricin
7-Ohexoside Th 5 & & x biLiz, Y@ TIL, tricin 7-O-hexoside Th % tricin 7-
O-B-glucoside 7N A X% /7 (Sasa borealis) \[ZHiE®=HT-V 45ppm FENTWVDH &N
9 #5203 B (Park et al. 2007), Tricin 7-O-hexoside & [F U4y 78 TH 5 tricin 5-O
B-glucoside <° tricin 4’- O-B-glucoside T~ Y Y (S. kurilensisvar. gigantea) (2%
NENEfMERESHD 0.68, 0.047 ppm 15511 Tk Y (Hasegawa et al. 2008), tricin
5-O-B-glucoside X T~ X% (8. paniculata) TiZ 170 ppm b EFTINTWVIHENH
% (Tanaka et al. 1998), A Clx Fraction 2 & 4 XA U F®&THY, EHHH 7
TIRIARTHDLZILEEBETDHE, 7~ A FHEHITEEN DK EEEYE
IZ tricin 7- O-B-glucoside 7 tricin 5- O-B-glucoside. tricin 4- O-B-glucoside (Fig. 4-6)
DNTINTHDAREENE N ERN RSN, 5§ 2 BEOH 3 B CHALE v A
PHIEHMHEDIIT NGO 5 LEWNTINE ENTE Y | KRR ETE LB
flZhRAERL TV EZZ BN,

4.4.2 73R/ A4 FEEBADEE SKZHE T T KRB BEEESE

LHFETIZ AT TR A ROKEFRRLEEESHIE ST & T4 (Kasuga et
al. 2008; Kasuga et al. 2010; Kuwabara et al. 2012; Kuwabara et al. 2013), = Z T
AW TIE, A4 F TITIEMHERE STV R o Te 7 TR UEHER, 7 73 7 U BeHEA,
AV 7 TR ERER (EREN 2 F T D) ITOWTHERRIEZR AT, £ D ) BIKE
e ETE 2 A LTV ZDIE 7 7 R VAR TdH 5 luteolin 7- O-B-glucoside DA T
bole, 7R —NVEWETIE, 77V aEoofEs 7 7)) a e T 280
FEYE &AL E DK L EE M 2 R T 72 DI EHE TH D E R I LT 5 (Kasuga et
al. 2010), = Z T, ABFETHIE L7 6 FEHDO 7 T8 / A NEHEHA L 4 F CTIHlES U
TERT IR A4 REFHRIZOWT, £V 6 0 E. ananas \Zxt79 5 KRR ETGE
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ORPEFERZ S LI, HEE LGS OBEMEICOWTE R T HZ LI Lz, 2D,

ELIT EERTHDIIT 7Y a il EO LD BRIBENNETH L), 77

U a iz ED XS BEEHORER EOMEBEICHE Leb X0 IERT 2 EiIC L
(Table 4-1),

£, 7TR A RO 3NITHEN Oglycoside DIETHREG L TWA LD EHDL L B
WRIMWH T T b—=ANT N a—ATHDHLDITEEEZFHTDH 2 ENEho Tz, FIAIIC
syringetin 3-O-B-galactoside (Z{EMEN o7z, T — ANV TF /) — A [al-
Rhamnopyranosyl-(1—6)-8-D-glucopyranose ] 23f&& L72 % Dt kaempferol 3-O-8-
rutinoside CKEZERIHETEM : 1.7°C) ZBRE1Z L A ETEMDN 727> 7- (Tabled), %
D= OIEMZ AT D121 3 (LITHED O-glycoside DIE THEA L CWDIEA L. HEN T
J h—=ZAH LTI NAa—AThHLHERWERBINDLN, ZHICHTELELRWSEE
bHLZENEZILND,

WIZTZ TR A RO THLTHED O-glycoside DIETHEA L TWA D EHRDE, 7T
RN, IR = NVTIEIZ NV T—ARFEE L TWD DL, BBEIZENDH DS O DOIEM:
DR SN TS, —Ji, 77V a oA I 77Ky (FA4EA ) ThohEIENE
T B BN o T2, EDT=, 7-O-glucoside DGEITIEEEZH T H7-DI121%. BE
DIEENEN 2V THLINERNH D EBZEZOND, T WNT T 7 h—ADGE,
BERD 3& LAiCe FrXx I VEN 206 7 Ve F U IZEEE AT 2R . BERO 4
PLIZE Fa I ViR 1 2557 7ou—1e, BED 278 £t Raf Lk
D205 FY TIHEENIZEAEAL LTV (Table4-1), D=, T
F—=ZARMIFT25EI10E BRICH D b R X2 VO AALE & BNEIEO A 12
WELHZ TWHHREENE X BbND,

F72. AT 2 O Cglucoside (DWW T HIEMEZMIE L7223, WL bimtEN K

HEN7, Cglucoside DIEME & DRIRMEIZOW TR L S RB 2o T2,
AR TIX, 7~ A PV EGHEWIE £ D KB EDE OFEZ R ., i
BaZ T 52 LN TEI B NTIEEME 2R 21213, L 0 ZEoHitY & NMR
REZLDNDBNEL D, 5% G FERDFFT IR Y Z DTG O 5 BER /4T A fik
e L CWLSFTFETH D,
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Table 4-1. Relationship between the anti-ice nucleation activities in the presence of £. ananas and their structural features of various

flavonoids.
. Anti-ice iti
Classification ~ Substances Concentration nucleation Postton Reference
moimL) ity °C) 2 3 4 5 6 7 8 2 3 & 5 6
Flavonol kaempferol 7-O -B-glucoside 1.0 9.0 B ring OH =0 OH H O-Glc H H H OH H H Kasuga et al. 2008
Flavonol quercetin 7-O -B-glucoside 1.0 89 B ring OH =0 OH H O-Glc H H OH OH H H Kasugaetal. 2010
Flavonol quercetin 3-O -B-galactoside 1.0 7.6 B ring O-Gal =0 OH H OH H H OH OH H H  Kasuga et al. 2010
Flavonol a-oligoglucosyl quercetin 3-O -B-glucoside 1.0 4.1 Bring  O-(Glc), g =0 OH H OH H H OH OH H H  Kuwabara et al. 2012
Flavonol kaempferol 3-O -B-glucoside 1.0 4.0 B ring O-Glc =0 OH H OH H H H OH H H Kasuga et al. 2008
Flavonol kaempferol 3-O -robinoside-7-O -rhamnoside 1.0 37 B ring O-Rob =0 OH H O-Rha H H H OH H H  Kuwabara et al. 2012
Flavonol 8-methoxy kaempferol 3-O -B-glucoside 1.0 34 B ring 0O-Glc = OH H OH OCH, H OH OH H H  Kasuga et al. 2008
Flavan 3-ol (-)-epicatechin gallate 1.0 33 B ring O-galloyl H, OH H OH H H OH OH H H  Kuwabara et al. 2013
Flavan 3-ol (-)-epigallocatechin gallate 1.0 33 B ring O-galloyl H, OH H OH H H OH OH OH H  Kuwabara et al. 2013
Flavan 3-ol (-)-gallocatechin gallate 1.0 3.2 B ring O-galloyl H, OH H OH H H OH OH OH H  Kuwabara et al. 2013
Flavonol quercetin 4'-O -B-glucoside 1.0 31 B ring OH =0 OH H OH H H OH 0O-Glc H H  Kasuga et al. 2010
Flavone luteolin 7-O -B-glucoside 1.0 3.0 B ring H =0 OH H O-Glc H H OH OH H H  this study
Flavonol quercetin 3-O -B-glucoside 1.0 2.8 B ring O-Glc =0 OH H OH H H OH OH H H Kasuga et al. 2008
Flavonol quercetin 7-O -B-galactoside 1.0 2.2 B ring OH =0 OH H O-Gal H H OH OH H H Kasugaetal. 2010
Flavone apigenin 7-O -B-glucoside 1.0 21 B ring H =0 OH H O-Glc H H H OH H H  Kuwabara et al. 2012
Flavonol kaempferol 3-O -B-rutinoside 1.0 1.7 B ring O-Rut =0 OH H OH H H H OH H H  Kasugaetal. 2010
Flavonol quercetin 3'-O -B-glucoside 1.0 1.4 B ring OH =0 OH H OH H H O-Glc OH H H Kasuga et al. 2010
Flavonol myricetin 3-O -B-glucoside 1.0 13 B ring O-Glc =0 OH H OH H H OH OH OH H Kasugaetal. 2010
Anthocyanidin  pelargonidin 3-O -B-glucoside chloride 1.0 13 B ring O-Glc H OH H OH H H H OH H H  Kuwabara et al. 2012
Flavan 3-ol (+)-catechin 1.0 0.9 B ring OH H, OH H OH H H OH OH H H  Kuwabara et al. 2013
Flavan 3-ol (-)-epigallocatechin 1.0 0.8 B ring OH H, OH H OH H H OH OH OH H  Kuwabara et al. 2013
Flavan 3-ol (-)-epicatechin 1.0 0.7 B ring OH H, OH H OH H H OH OH H H  Kuwabara et al. 2013
Flavonol kaempferol 7-O -B-galactoside 1.0 0.4 B ring OH =0 OH H O-Gal H H H OH H H  Kasuga et al. 2010
Flavonol quercetin 3-O -B-rhamnoside 1.0 0.4 B ring O-Rha =0 OH H OH H H OH OH H H  Kasugaetal. 2010
Flavonol quercetin 5-O -B-glucoside 1.0 0.4 B ring OH =0 0O-Glc H OH H H OH OH H H Kasuga et al. 2010
Flavan 3-ol (+)-catechin gallate 1.0 0.4 B ring O-galloyl H, OH H OH H H OH OH H H  Kuwabara et al. 2013
Flavonol quercetagetin 7-O -B-glucoside 1.0 0.3 B ring OH =0 OH OH O-Glc H H OH OH H H  Kuwabara et al. 2012
Flavonol myricetin 3-O -a-rhamnoside 1.0 0.3 B ring O-Rha =0 OH H OH H H OH OH OH H  Kasugaetal. 2010
Flavonol syringetin 3-O -B-galactoside 1.0 0.3 B ring O-Gal =0 OH H OH H H OCH; OH OCH;, H  Kuwabara et al. 2012
Flavonol quercetin 3-O -(6"-acetyl)-B-galactoside 1.0 0.3 Bring O-acetylGal =0 OH H OH H H OH OH H H  Kuwabara et al. 2012
Flavonol kaempferol 7-O -B-neohesperidoside 1.0 0.2 B ring OH =0 OH H O-Neo H H H OH H H  Kuwabara et al. 2012
Flavanone naringenin 7-O -B-neohesperidoside hydrate 1.0 0.2 B ring H, =0 OH H O-Neo H H H OH H H  this study
Flavonol quercetin 3-O -B-rutinoside 1.0 0.1 B ring O-Rut =0 OH H OH H H OH OH H H Kasuga et al. 2010
Flavonol gossypetin 8-O -B-glucoside 1.0 0.1 B ring OH =0 OH H OH 0O-Glc H OH OH H H Kuwabara et al. 2012
Flavonol morin 7-O -B-galactoside (triethylamine salt, 1:1) 0.5 0.1 B ring OH =0 OH H O-Gal H OH H OH H H  Kuwabara et al. 2012
Flavanonol ampelopsin 3-gallate 1.0 0.1 B ring O-galloyl =0 OH H OH H H OH OH OH H  Kuwabara et al. 2013
Isoflavone daidzein 7-O -B-glucoside 1.0 0.1 H B ring =0 H H O-Glc H H H OH H H  this study
Isoflavone daidzein 8-C -B-glucoside 1.0 0.1 H B ring =0 H H OH Glc H H OH H H  this study
Flavanone hesperetin 3-O -B-rutinoside 1.0 0.1 B ring H, =0 OH H O-Rut H H OH OCH, H H  this study
Flavone luteolin 6-C -B-glucoside 1.0 0.0 B ring H =0 OH Glc OH H H OH OH H H  this study
Flavonol quercetin 3, 4'-di-O -glucoside 1.0 -0.1 B ring O-Glc =0 OH H OH H H OH O-Glc H H  Kuwabara et al. 2012
Flavonol quercetin 3-gallate 1.0 -0.2 B ring O-galloyl =0 OH H OH H H OH OH H H  Kuwabara et al. 2013




Flavanone Flavone

L
OH

Flavan-3-ol

Anthocyanidin Isoflavone

Fig. 4-1. Structures of basic skeletons of flavonoids in Table 4-1. Anti-ice nucleation
activities of various flavonoids were measured by droplet freezing assay in the
presence of E. ananas. Position numbers and ring names of flavonoids were marked

in the flavanone skeleton.
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Fig. 4-2. Process for fractionation of anti-ice nucleation substances of S. senanensis
leaf blade. The numerical numbers of each fractions indicate anti-ice nucleation
activities (°C) at 0.10 g FW/mL measured by droplet freezing assay in the presence

of 2.0 mg/mL E. ananas.
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Fig. 4-3. Reversed phase HPLC chromatograph of fraction IV separated by size
exclusion chromatography. Fraction IV was separated into six peak fractions

(Fractions 1-6).
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Fig. 4-5. Absorption spectra of Fractions 2 (A) and 4 (B). The spectra were measured
by photodiode array detector during the separation by reverse phase HPLC.
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Figure legend and Fig. 4-5C are written in next page.
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Fig. 4-5. Mass spectra of Fractions 2 and 4 separated by reversed phase HPLC. (A)
Fraction 2, (B) Fraction 4, (C) back ground spectrum. Upper spectrum of each panel

1s positive ion mode spectrum, and lower one is negative ion mode spectrum.
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Fig. 4-6. Chemical structures of tricin O-glucoside.
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Temperature (°C)
—e— Control ----1.0 mg/mL —A—0.10 mg/mL —<—0.010mg/mL
Anti-ice nucleation
FTy FT2s FTso FT7s FT100 activity (°C)

Control -3.0 -3.4 -3.7 -3.9 -4.5 0.0
1.0 mg/mL 46 -6.1 -6.7 7.0 -8.0 3.0
0.10 mg/mL -3.8 -5.8 -6.6 -6.9 -8.0 29
0.010 mg/mL -4.0 -5.3 -5.8 -6.6 -7.5 2.2

Fig. 4-7. Freezing curves of luteolin 7-(*B-glucoside in the presence of K. ananas.
Freezing curves of luteolin 7- O-B-glucoside were measured by droplet freezing assay
at the concentrations of 1.0 mg/mL (solid diamond), 0.10 mg/mL (solid triangle) and
0.010 mg/mL (x-mark).
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FHE ARDFT LD

ARFZETIL, WMNERETLRY 7 = ) — VMR B SRR AR A2 I S s
OKEETERRBLETENE) 2835 2 L 2R U CREW OBEE 2 M, B3 2 5ik5
RrhmAHADL R BN E Lic, O3B AR EN LN R 2 kT 2 B4 RER 2 M3
BT, FORTERE LT, EBREL L TCOMBREMERFN OIS Z LT
7o 7202 TH KEFRMAGEHIC AN B E9 DD {58 70 K AZ T R PR M 1 5 oD il B
EZDENEDHFEICOWTIER LTEREIB I 2 o7c, £072, 5 2 E T, &R
R OB E Sy (i) & RO ORI AL ETEE O @ e B 2 A 7 ) —=
7 L., 3 E T, B ORKIED] O E AR 2 - ORI B ETE RIS L D E
PR R 2 FBRE L~V THRGE LT, £72, H4ETIR, H2ETAZ Y —=7LT
EIKTE R ETEE 2 A5 Z E RSN E R &R O 5 b, AT 5%
BICREZHE T D HEEAR W ~ A FHIZE T TV KB ERLEDE O [F
E AT, LTICARMEIC DWW TRIET 5,

5.1 ¥R BZEIREMMN L DK ABEEE

%2 T, 72 OMWMREE (FITHEE) 225 50% 7 & b KSR IMHY 2R L,
KM E. ananas \ZxF9 2 KRR ETE®EZRE « ik Lz, £ OEEEIT E
ananas % XKEIEE & L2513 &E T 3.2CTH Y, 4 F TITIEENHE S
&t & R THIRVMETIE R0 o 72, 3CLL LKL EEE 2 AT 5
HoE 5k 2CU EOTEEEZ AT D b0k 14 R kL - 7= (Table 2-3a~3¢), =
D EEMETH & RBFFECIEMEZ M C & 7 LISMT b OKIETE L ETR 2 &
TP ZEAFAET D AREMEIE 2B A b D, Eo, IEEOE W 11 FEHZ W T,
E. ananas O\ I2a w7 mn 7y ) — v EIKERARME & L CHWTE
PERIE LT E 24, 10CUL EDOIE.Z RS S DORN < Db o7 (Table 2-4, 2-5), 72
72U AT 2K E G U ORI ETEMEORRE 1T 72 2 0T, 1EMERIE
FMERD L TH R DGEIITEMAIEHIRIXFEEAET 5, Fay 7Ly MERSE
TIhb EREBEOEHEMEMENBSE SN T W BHIEEDIT.
hexadecyltrimethylammonium bromide 72 & ® S {EtEA| DV < 25 (Kuwabara et
al. 2014) & F > > 3 BEBIRGH 2017a), 77 =2 (R 2017Th) 03 H 53, 2LV b
B WETEZ R ITEEWRIEEMT L A CBV LA L 28 H 5, AFETHIE L 11
OREMERMEII TG T LRI LTI C UL EDiEMEEZ /R LT Y (Table
2-4) . = VALHUTK L Cldkk 4 228 2 & oo RO MM 0 7578 3 T AR OIS
PEALETE D AHREMERE WV EAURIB S LD,
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A F CICEB DO KBRS E TR U OB L ETE M2 & b WiT#E ST
WDM, ARBFFETIE 50% 7 & b 2 KIS T B LTl M 3SR DO OKEE TR e &
(2R U COKBETER B ETRPER & 5 = & 3oy dno 1, KT E 1M 2 R 4 5 35812

IR IFEIC L D08, B - /g3 & S O BLBE TR OB & B 135 72 O 12 F
AT&Er25bDThbrEEZLND,

52 HAKTREETOKDEZEDATEIZERTES ) —T T4 RV EHE

KT R BT MR K 2 SRS BN 2h 5 CHEM) DGR & 2 B 1k - 30l 51213, ik
K EIZBWTEOMRERET HLEND D, § 3 H TSR, ZORh %
WO LIEE LT IERIIEOR » N 7e EOMER AR L TRERL Wb 0%

EHE LD LTI A S TG, AT 2 H5ERE 51T 5 (Lindow et al.
1%&Wmmﬂmaalw%u#tw%k:@ﬁ%fi%ﬂ#é%“@ﬁ%é’

—FEICEEORBRIE FHER) 2> Thix BRIk 2 EHE L Ty 52 &
ﬁx%ﬁb< Iz TR E b L OMERERET ARNERD D . 2R I0%
AT EESSANR—R) 030D, 2T, AR TIEZHOMEDEEEZ HE L7 ThH,
PYE 725k B R 2 e o CRRBRIAIR D BRI R 2 )RR T & 2 B R & L T,
V=TT 4 A7 (FEGR) \OKEERWE & KR EDE 2R 6 LI BRIEIR DR
A DOETHAT LY =77 4 AT HREEEZBE LT, V—7 7 4 A7 HFEEIE 1Ko
VX —LVNIZ 10 KRRED ) —7F 4 A7 AR50 OT, fWEREF RS 5 5k
ICHANTEHEAR=AT—EILZHORBRESK O R 2 i L TSI 7 U —=
TTCEDHLAV Yy M3b b, £z, V=77 4 AVHREEEMAT HH OO, FEBRO MG
IZE > TITRRIERm 72T Tl Lo, (B L) 77 AF v 7 7 L— MR,
SRERRETHRENARETH D | KHETZIRCDNEDE M L DK DBGHRE~D %
FRDHZEBAREE B A TN D,

BB, IOV =TT 4 A7 PHREET, R (REY) ORIV TR O BRI
PRI T X DB DT T 570D 5T EE LTHEHEE XY, 20k
HFIZEoTRAZ ) —=v 7 ani-tms Ao T ERICETE L TR 2 REET 5
ABRAITO LWV D o1, BEEMICERZED TN Z N TE D,

5.3 BIREYMRSD DRFEEH KD REHLE~NDFADRE

AKIFZEICBWTER L7z 72 OO 5 H DWW < Ot FRIZEW ST E 27
W) E. ananas \ZxF U CHa 72 kKGR EIEEZ B L WD Z Enghot-, £77,
V—T7F 4 A7 FFEETRBRLTH, 2 b o iiikiERm L6 EEEmE B
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HY ., WENSIHI SIS Z EbREaNEED, RITHEDEE ($kEz) 26 R L7ZER
EITH Z &I Lz, REBULDRIEYD (WA TV E AL arFEE Fv /%) Oz o
FEYEIZ . ananas %VEFE L CHLRSE IR, 7~ A PHIELG D 50% 7 & b KT
% VEE LT x 2 A L, LB OSKRE X OIRREZ LhiR L7z & 2 A filtid &8
FET DT & THREDIIH S A, BHEEENIH SN, 20 & D 2gkiE z A2 VT R
RTH, I~A PV EGMHY L > CTHRENERETE D 2 EPRB IR,

AWFFETITE AN 2 T D 72D DR 21T > TE T2, TRb b, mV kKR
FRBLEIEE 2 R TR O 2 VD 2 & T, BEEMOEEER L « B EmHNI
BALT DA ReMEZ /R LTz, £ 2 CIROBEFETIE, B THEBT L T D RBIEBIT LT
WRENBELE I LI bOMEME A L TR ERGET 23R 41T O
TRD D, AR TIE, BEN O IHFMSCHITNAHEETH L0, AT 2
MR VIRE SN D, Fio, AW CHA LMK A TH D 1= OkM 7 &
Lo TME LT LEIAREERH D, Lt 7 ~A PV IEHFICE E DK
FEWESCEEIZM SN TV DIKBIERIEDE TH D7 TR ) A4 NERH = I
BAEME CHLH D7D, WHAFIETEDLS LUEEEZRFFTEX 2O VWTHEARIATH
%o EIKOHREITIREOBINCIREN 2 & OMPFRR 2R, BMOFHEREICL > TE
BINDZ ELRG TG TE S (Fujikawa et al. 2018), £ D 7=, B4 CTHERE L7-5%
AT e BHEIHD RS IE T E 5008 ) o, FEEICHRROGRETH D,

F iz, KROFHRER LI DWW TE 2 UE, Y GBIEY) OFEE L2 T2
<\ MR OBHRECHE KB IE, AR OBRED; 10K R FIRE TCORMGFR EICHHATE %
ATREMEDS & D, AWFTE T RN SHU72 £ 9 ZoKEE B R BT E DY & OFERE2h IR % F 45
B, EOLITSH B THERATE D2DONCHOWTHREET 5 2 L i%, E@IE LR L
IFEFICHEERNETH D, 2D K 9 RufifE P ICE A3 2 IO L E W E %
T2 2 LI K D H0E ORGPl OB 2 Tl (T 5 2 & TRIEMOME
RN G- 2 2 S ELBATT 5 b O OIS, A9~ 2 B 72 & & il 2« O Z & ZFF
Mg 20ERH Y | FFFRTE DRHITRE N,

KIFGEDH 4 ETIX, 7 ~ A WY IEF I P IAATET 2K AL EYE O RE %
R, IEEMENFFE SN OOH LRI TH D, £V EFIRFIZ, E. ananas % KR
WEE LTS E DT TR ) A REOKBIEEAEEMEIZOWT, 2 OfiE & 15H: & OFf
BAMEICOWT B EL L (35 4 2, Table 4-1), Z DX 9 REREOHEE L - #EO(LE
WNZ BT DK R BLETIS PRI B9~ 2 A 2 FE L, 161 & g & oM ic>\»W T L
S0 BEET UL, KRB E TR BN 7= AR 2 b S A 35t L TRk T 5 2 &
HREEIZ R D LIV,

BT ARWFZE TR U 7oK BT 2 © D&Y O 2 58 L Tl
ERHIEDOFIREMEZRRGET 5 2 L 2E X5, BlZIET v/ FOREICEENDL T X 5
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DN DT KB ETS ME 2 7~ 972 D (Kuwabara et al. 2013), HEENHEAET D
L RBETOFHZRET S, BETHUL, FFEOHRBEFEZLIET D720
TEMEE 7y 2 T 5 72D DJFERE LT, F A RTe i OREAANFEZE TH AT 2 BEFRE 2|
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7o ARACHER AR T DBARIIZ DM ORIRER N EDHBE THLEVIML H
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DIGTIZONT S LR HUENEEN D,

108



HiEE

A SLOMFFEDFRT, B L OARGRSCOMERICES U, ALHEE KRS Kb e b 2
B INERELIIES ESERUBRERATHE . KB TEICREL LT
&, EHOBITHER ¥ A, F7o. RWFEREERE R = I AR SO ER ST
IR ETHMER ZHERCIERE WL & REH W LET, FFbisdz  »if
JEE I I IIARFR LD, Z2EHRLOBERMICBNTIMERIE R W Z&E | <
BN UE T, AR ERdR  mhssinfli LI, KeSCeS B i L OERIZ R T
L2288, TERET TR, PUBHRIERLERFIEOMEE, KB EYE O R
FEICBNWTERRD ZHEE W&, B LET,

FFFEREBh# IR LI B I COEERITBEREZW Y | - L Sc a2
T 5 ETOOMEZ 72 ERE A 7Rl TRICOT CIEE , &SV LET, £, A%
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