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DEickosnidb HIHTH -7,

EWRIZ, WTINOBEHICE W THEEERTO
12H13H ZTORMENKE (. BHHFVIZE
ZOMEAPEETH -7 (FB4XB), HEWR D
PHIEHAHIHETIEWTNOBEEICE VTS
EWMOETIIER L7205, 4 H 1 HBREFOREm
fEAc i U 72 (B84 XB), 4axfk & L <. 10H28H
BRA10H14H 8 X 021 HEEMHIC LE R TEER B DB
e N ot (FE4XB),

AREEIT, FOL L Mo T, ME®D 3 H14
IS IR AT IR TA L, A o R IE#AEH
BRWIEERED>»-7 (F4KC), BRAHT & FEE
EErizznll bick->%nix, 10H14HERETS
H1H. I0HI4H B X280 BTlz4H 1 HT
Hot: (F4MC), 5H 1 HUBEIZEERICBHE
HowZi3Rd oo ((E4KC),

BRDAEFHRZE SRR L 72, 10H14HBM T
3 H21HHERFTI9% DEGFRTH - 7205, 2D
XTI L 4 HI2HFERTI392%., 5 H 1 H#ERT
1391% & 7> 72, —77. 10H21HHE E10H28H
fECiZ 3 H2l HIARFCTl00% D4R T, 5 H 1
HFERTH AEFRIZIOH21 HBAETIZIZ100%.,
10 H 28 H &M TI8% & Eidr o 7=,

INFERFD D AZEHITBAH 2 F 0IZ ERE WM
TR H O HEIN AR E X o7 (E6X),
INHEL 72 D A DREESAERIZ, BRHSEIZE
Hrote BT, FHCOEROFAERITBANH D
vz EEd . B ot B0 WI10H14H%
DA THD Sz (5 3K), LA %
WERG0 mmAd D b AT BHEOEWIOH28H
MDOHTHRD SN/ (B 3R), AHEROFELIT L
THOBEBHHTL RO SN2, Z0FKNIZED
ICEERICE 2D TH-o7, IWNEIZ, 10H14H
i £ 10H 21 H A T RIFREE & 72 o 72 23, AftPR 1,
10H21 Hf&Hf L 28 HE RS RIRREE & 22 D . 10H14H
BETIED o7 (E8MN),



Y2 2 XDMEE 7 V7 % VI 2% 7

O10/14%4E ©10/21%4 ®10/28%4E

80 r —— 10/ 1454 n.s. - s
A o= 10/2180H 0o - 1 —
60 | e 10/28F5 ol - B
—~ 80 L
5 3 0
_1,( 40 I~ é 60 L
i E 50
40
20 | H g |
= 20
0 T T T T T T 1 10 0
11/1512/13 3/14 4/1 4/15 5/1 5/15 0
3H21H  4H12H 5H1H
20 B —m—10/14%4 2 H
B4 F5E BHEEORVSBREROLERICRETHE
15 F (2011 EEF548E)
s ST RN ED 1% KD H B ERDHDLE, ns A EEN
~ 10 F QAN N
X
f<ind
S
oo
n.s.
o e 300 p __f ‘
11/15 12/13 3/14 4/1 4/15 5/1 5/15 250 ]
= 200 |
B 150 |
81 C —m—10/14B4H B
7 1 =-0--10/21%4k < 100 ¢
o —A— 10/28% Ny 50 |
0 T T
ﬁ 5 F 10H 14H 10H21H 10H28H
H 4t o H
T : H6E BEEOEVYAZEICRETHE0EBE)
L a a
2roe b b ST KD s AT AR Z AT (n=3)
1t b
0 T T T T T T 1
11/15 12/13 3/14 4/1 4/15 5/1 5/15
FAN BEHOEZVWAEZIRXFEBTICRIZTEHE 50 ¢ a
201147548 A : EXX, B: EHE, C: £EH 1> 10
TukeyD L HEMRET, KHPORLRAIECTHICIE, FHEAT LI &
UK YECTHBEZENHDHZ L%, ns 1 THEENRNZEE7RT (n=3) f;é 30 b
2
j=y 20 - C
H
o100
g
&z 0 T T \

10/114H 10/21H 10/128H
HAE A

FIX BEAOEVWLREICRETRE 2011F51E)

Tukey D% B E TR D LTI Y%K HETH EEHY (n=3)
SER, M, NER, A, BEROWTNERO LI D
LUV VE S0
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B3R BEHOEBLANEROYAZDOEERERERICRETE

(2011 %5 18)
Mo A SERE S fhER S PERE WEER Rl
(%) (%) (%) (%) (%)
104141 36.1 0.9 0.0 3.7 5.5
10421 H 22.5 0.0 0.0 1.2 0.0
10728 H 5.3 0.0 5.8 1.2 5.1

NERIFIEAE60 mmATG DY AT R

7000 @AY OB
6000
5000
4000
3000
2000
1000

V& (g m?21)

10A14H 10H21H

BrE A

HE8H BHEADEVNREICRIEYTEE 20115518
EERAEVAZON, REDEHIT TRE SN OEBR KA T

10H28H

£ E

KEE vy~ 2 XOBEROER IZEMHBIFE NI
EREL, EMOBMHDE TS, B, T
B, EEERICEDSED s, EEBTI»TR
DBMEHIZE W TH, BLLATEHDEEH] £ DK
TL., EWHEROMRLBOoNmd o7, MERKS3
HI4H OZEMBRIIEMEH 25 0 IF ERE Do 7205,
COEBFEREOAIEENOEFTRDOAIGERL TW»
7o EDRERLD, EEH IV 2X04EF %2 L
FRERIELEEZONT,

AFEEBTIIMEEHREDO 3 H T LY 5 A L)
RO ZPHEL 72, 3 H2IHTI3BMHIC
X 2D o7 h, 10H14H M IE 2 DR EFHR
2390% £ TR T L7z, ZHUSH L. 10521 HBHE,
10 H28 H M I3 A £ 0 HEGRGEIC X > T H AR
1398 % FREE L HERF I N, ZORERIZFEIC K
BRROMFE, HRIFEBYRh 22k 20Tk
. BEBIOEET SR LTS, HodlF
DD > 7210 H 1AH BRI EFERDOE D - -Ath D
BRHD b O & HART RrcESRT o4 H 8 (EL,
RS, AR BREhok, DI EIF, BE
R DM 72 A B R OMERPMB R OB ER LIS
ERALIL: AN

AEHD LIES CIBEE2H D, HH, KRS
ECAEERE L L CRREFTIE RV, BHEHM D

Hitgb &0 % L ABEEREZN 42 H L RTHHE
B &R, HPIEN—F= v 7o@ic, @4dh
DRJPMEBEDOHREICHELRE Y2 EBT 3
(Nakajima + Abe, 1994), "—F=> 27 &%, %
Do DRMMDE T 2585k L T, ZDRBRICH N5 L
WERBTICHN 2 9 % AP - TRRBIN A (b & 5 2 L
TUREMEEYIC BRI R TH % (I L-FHH,
2006), AALX, aLX, TN TIREERNIC
Bl S NI A, R 7 v 7 & v DSk
LIRS H B Z I T B (R, 1986 ;
- B, 1991), # <=3 FIZB8 W THREERIC
HNICEBR I N L ITEES DL DD, BE% ORI
LRI 2L H S, YR XTI EN
BT, BT 2 THD, T I b
BTSN T VS, %Ik, ST
HEBICOWTHET 20 ENDH 5,

BRHHR VI E, IFEL 72 D A IR
B, B E Lo BEBHS IS o7, ¥
FIIFDRKEWIZE, (B 205 7 (R 8
&< GRS, 1976), HPKREWVIZE, e
LRSS (U, 1956) Z EHISNTE D,
REBRTHFRMBOERE o7, AEZLZ6 LT
ZHEROBPIFICHEHMMATH 5 Z LIS,
WEHED 7 74 F 79 A2 2N TE2EX 785
FaNALDOREE =7 2T THRMZEC TS L
TEEWIIMZ 5N s (FIHES, 2016), INHEL 72
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DAEXERICIIAEREZ IR0, BRENBEWIZY
RNEL B DMHEATH > 7, RIRIZI0H 14H D
RO ED ok, HRE L THM S AT DE VA
s 1210 H 21 H S Hi & 28 H B AifiAs10 H 14 H B4 X

D%ot, UEXD, BIIRICEBITE22XD
Bl H R 2 Bls 2 5 10H 21 H AR 3@ ) ©
HAH), DAEDORE I ZERICHHI L (FIE,
1955). D AZEMKFIBUEDIEL L D A EXHICHE
T8, BEHMNMEWIZE D AERIZNZLS S
fHRTHo7z, L3> T, BHEHINEL %25 £
BOWNCOLNREENH Y, £, BILERT
1T H DI DB D % < | BT & 2 BEHEIEE DS IR
WL AN H D, BHORKIZIIH LA ETL
27 57z,

B H SR DORIMAED K& SITHEEL Tnik
ZE, MEROEFRIBMHICL Y RS L
225, MEEICIEIBMAPERL T3 2 EWRE
N7=h3, Z DHEKNZ O TDEHBSHRHLETH B,

F28 EBREZXDEAENEERLVEEICRIITHE
BIHEICBWT, &< 3 FHIGEMEA S 1,
EEMIAG I 728 2 PR 2 1cHh 72D . BEEID
LS TOMEERITH 5 Z Lo, EHEEIC T
nAEETREMEL TEBLBHEH D (R - H,
2012)  FEAEZEEHEA R 12 % M S B EETH -
7oo L2l B 1 HORER X D HEIHERE O
EHEHRD I DELTEZONT, T, HB2EE1
ik, BEETOERE 2 ETROMMAIEEICHE
T3 eI Nn, EUEEEVNLOEADLBEMH
PEROEGE L FRICEEROET IR E 72 25 HE
MWnd 5, 2 2CAHITIZ, HIEEEDMHEIE
B HEICUTTHELZBREL 2,

MHRELURE

Y =L b AL 35 ((BR) LE) 24t
L. BB E L AR ER G 2 v & — [
WIERT OB N A 7 & NS KBRS T - 72,
FEEa I L 0 LA VE X 4 ISR L 72, 20144F
9H 2 HIZ448RE )L P L—IC#ERE L. 10H10H I

HANE 160 cm, & 24 em, ¥R 10 e, 4 55k 2 THAR
L7z, HEEIZBBR X W55 (k) JAT A 7 &1L,
N-P,O5-K,0% : 15-15-15) % Hv>, SEEEX & L TI10
a7 D EEE4.5 kgZe 5 N9 kglifH 3% 2 X%
7 (BT, N4.5kglX, N9 kglX & 5id), HEHE
DP,0; 134 % HvTl0aX4 72 b 32kefiif L. K,
Ol kA Y Z H\T10 a247- D 12 ket L 7z, &
AEix20154E 2 H26H., 3 H13H. 3 H30H Dt 3 [l
fTva, 10 adb YN, P,O0;. K,0% ZnFn&ir
T15.2, 5.8, 14.2kgfifHl L 7z, 1 [HHDEMIZ,
£ X VBS540 (> 7 7 a (Bk). N-P,O,-K,
0% : 15-14-10) %. 2. 3[HDBEMIZNKALAE 2
5 (ZzAALT7T7Y (B, N-P,O;-K,0% : 16-
0-16) #=Hw 7z,

ABEFEIZ. 20144E12H12H £ 201548 3 H16H 12
1ot 1IX 8 ARZERHLL Fok, TERRE, ATEEL
M LR E 2 P L e, SERRIER T OIEY DAL
B TR 7, FHEFIZ20154E 3 H16
FUCEREN L 22k 8ce 2 2 o JEE L 3 5 20144E12
HIZHIZEHRII L 7250l 92 2 & TRz, DA
ZOMERE Il L EE Lo, BB
B8R T — IO T E I EMOKEER A B i
¥ —BEZEZET IS S 35 B 7 X 7 AW
BT D 7 — % Z A L 7%,

R

AFEIAR DO RS DIRDLIZ  FEERIHR h DR 13
B DOAEHEDM62 em CPAEHL. 1) RIERE S 352 cm
(F4ELR0. 8) | 5 emPA EOFES H 2370 H (F4ELKL. 4)
b, MEMEIZIZHSH2»5 3HISHE T,
EELODBEFEHI20HS 025 7,
PRI 0TI KT THEL 5 £
WY, ‘=T, EHE4.5 kgXITXR T,
EHR9keX DFL, ERER, FERRE, M EEEIYR
It bAL 35 TR EHE4 5 keXIcHIRT,
2235 9 kg X DEL HEREE M LIRS KRE o,
AR OREYIE DK E SICRENEZROWE IR
donkdrot (FH6%),
HEEMEMEROETRZMEL 2 £ 2 A, i

Bak HEBRESTIROIEFIE2014F51E)

TUERE=THERESR HBEESR PER HREY
(mg - lOOg_I) (mg * IOOg’I) (%) (mg * 100g_1)
0.44 1.48 0.129 19.5
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fi e SR ERRICED S, Fl, AT HE

B M BRSO § AN THORHFID S MERICET L
7o (BHER, H6EK),
BB —F L OAFRZE IR, ‘HARL

3EDEERZEIOKICRT, ‘¥ —F 2 TIRE
4.5 kg X DETFED2.5% I L. &EFEIkeXD
BHEHRIZ46.3% £ 72 D, BRI keX D EHRIK
hot, ‘bAL 3T TIFEHELD ke X DEHELREN
76.3% 120 L HEHE 9 kgX DAEHFHIZ28.8% £ %2 D |

ZF 9 kgX DAEAFHEDMED > 72,

£ E

BEROEFIX, ‘Y= L bAL 35 DI
rflf & b IEMEREOHEIRO s, ElEREE
DT EHRSL, BEE, I EFESKE 2o,
AR I, R L AT RICHINEER DA
FED 6N o e, BMEROETRICHENER R
DEEDFRD 5N TH, @ERICIIHEBEREDOH
BB oNB Lo RIZ, B1HDHE
BROBMH DR L FRET, BEICX > TEEBE

FhR BENEBTICEEZRENRITTHZEL014ESIE)
ti e HmeEFzE L AR EM M EEE
(kg-10a)  (cm) (mm)  (gFW)
= 4.5 38.4 4.7 7.0 13.6
9 47.1 5.5 9.4 26.8
t-test 3k *k3k k3k k3k
I L35 4.5 38.6 48 7.6 14.0
9 45.0 5.0 8.9 2.3
t-test *k n.s. Ak ek

t-testlZ LV Tl L1 % K ETH B ENHHZEE, nslIAEENRNZEETRT (n=8)

20144E12 7 12 H 4

Fok RMEREBICEEZRENRIFTTHZE04EH1E)

i el EpeHas B ATER EWR M bREE
(kg:102™)  (cm) (mm)  (gFW)
K= 4.5 14.9 2.6 6.3 32
9 14.4 2.8 6.2 3.8
t-test n.S. n.S. n.S. n.S.
H & U35 4.5 15.2 2.5 6.3 33
9 14.8 2.5 6.6 3.9
t-test n.S. .S. .S. .S.
t-testiZEVn.s (IHEZAENRNILERT (n=8)
2015423 H 16 B A
100 100
90 o 90 |
* %
80 80 |
70 70
Q60 Q60
; 50 | ; 50 -
& a0 ¢ & a0 t
hl 30 il 30 |
20 20
10 10
0

HLIEN4.5ke « 102 HJEN9ke « 102

FIH EEEFRFEEASMEROEFRICREIZE
(014548, MIE: 53—

201543 H 16 H ji4L
T RE TL% D EENRHHZEETRT (n=80)

FLAEN4.5keg + 10a™ FHLAEN9ke - 10a

FI0H HEEERELEESMERDODEFRICRETEZE
(201457548, MFE: LA L3S

20154E3 7 16 H ii4s
T o HRIE TL% DA BEDDHHZEEZTRT (n=80)
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. IFELT 3z ik BboEEL N,
BB DEERIZ Y —F LS AL 35 O E

ELRIEEROWENEO 5N, KINELEENS
WIF EEFRIIED> 5%, DLEofERE D, HEE
FEPLVIZEEEMOAEBTRIIRE W, MER
DEFRIIBE N EDPHE P ER S, 2D LI
EEHOBE R ETROMRIE, SEREICEEL
T5Z LR, FH1HOBMEHOREREZZRT %
bDEEZ LN,

AEBIIE 1 OB LI ITFEDLWET, &
IHRND ¥ < 2 FFEHIICE W THHEENL D - 72,
ARFEERTHEEWI PRI L T D, MEE
B0 6 EFHERIUED > 7o RHCHENEREN S » & |
BB OEERIZ Y —FVTESUT, ‘&L 3
FTI0% LT &2k, RIEEHERENEFERIC
KIETHBEIIRED» o7, Lo L, HEEEELS

. EEOEEFEREETH 3 2 & EAEFEREDE
Z L DONBEBRIEARFERTIIAHTH 57, BHT
THYMEDREIE L T2 2 26, SHEMORKS
TCHRES AR UERHERR DT 2 o7 2 k.
N3 LTwé DEDFE»s, EERICEREIN

LENENEEEERIC L > THEEZZIT TV 5H

@b%zémto SHIIEER OB EMEICHE
MEEEFED T TRHEZMGT 205035 %,

E3IE BEAEHMBEROUBUERKENER
TINTHFUVIE, TN N —ASBEORIRT, ¥=

XTI UvEBRL WD, FEAE L.
MR E LTV 7 v 2EET 2 2 L0

Glucose 1-Kestose(DP3)

Sucrose
1 SST
Fructose

BG FFT
6G- FFT

Neo-Kestose(DP3)

RO KO
OR0

Nystose(DP4)

Bmfm% IR XICEBMINLE 7V 8 O
WEIZoWT, FIKNIZRT (Fujishimas (2005)
Maedas (2017) ZHIC%E), ¥+ FICE/S
NBZI7NVI7%VIEB (2—=1) FEAHTZ7LVLI7 =R
VBEHETEA XV VROV Y THB, A XYV
BN Z NG R AT AN —ABEARA IO —A %
W2 7 a— 2D 6 hijRFEDKIEFIZH 7V 7
F—2FiE, B (2—1) A&7V 7 F—AH%
HObDBHN, A XAV ATV —RELTHHE
Ins (S, 2003), MEEE 7LV FVED
BIRICOWTIZ, AALX, arX, 7477 AH
THEDH D . EE T COMYED L ariERs & B
BOMWEDOHEERZIC, 7Vvr 8 v 2oL TR
NE7N7 F=—APMFHINGEEZSNTWS
(AP, 2008 5 )11+ #8324, 1995), ZDizd,
YR XICEBOTHMEHEEE 7 L7 2w ERT %
MRS 2, y2XD7 V757 Y ERICBL T
. DAENICHEHAEI2ETD 7 V7 ¥ v DER
DHEFR I N T\ 5 (Noureddine s, 2005), L #»
L., 2 FICEENB 7L % v ORFEIZINES
Nl AENDHTICER S 21 (Shiomis, 2005 5
Suzuki « Cutcliffe, 1989). A2FHRT S ZzNn 5D

G LS & DBIRE A7 78I 20,

Fro, AALXETA LFICB VT, WAL
Vi< b 3 IEMEEMIER A AR I ER RO
e L HICEFIERT L, MEME2PS 2 mEERE
BEEHEOWENPKRELI EPWMEINTVS
(Tamura®, 1986), # 2 ECTHEFHIOLEBTEN
MEBROFERELBERT 2 LEZIONLD, LD

IR T 2RI L 2o 7o, KIRCE H I

Inurlin type

\ Inurlin neo type

TR FAIRFICBRBEIND L2 0OEEHRR
Fujishima® (2005), Maedab (2017) ZHelciiZs

"
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EWVOEEREZEZ S L. BEMICEEI N
WP TEE 77 DSBS T DR RHERY & S 12 O PR Il
T2 L3 h, MEROAH EMBEROBRETE
FEOBAR O W TG T 2 08 23Hh 5 L E 2 il
F 23X DOUETIIHETH D, AFETIE, HHE
H. #hiH, EEEEHREOMAEG O TR
DT EREZ, HEN L SR ORYR O nlEM: R
KW, R 7 Vo % v OEBROERICO W THHE
L. BEESEEOEOIC X 2 AR EE~D
WE G 72,

MREXUEE

1. EREENIERE

mfEli sy —y ey () L5) 248880 72, &
Bk s L O ER A il & v & — BT O
BH Y A% 6 NICHEERRBE 1o 7o, BRSO
T AT OWTIEE 7RI L, 20134F
S H27THE 9 H 3 HIT448/X k)L b L —ICHEREL .
NI ANTEM L7z, 8 H2THIBMIZ DWW TIIBM
H#%20134F10H10H £ 10H21H & L, 9 H 3 H#%#E
IZOWTIEBEHZI0H2IHEIIH 1T HE LT,
€170 em, 2% 24 cm, #RRI10 em, 4 S&ffE 2 CHEAH
L7z, #iE LTBBR X W5S ((BR) JAZA 78
(1. N-P,O;-K,0% : 15-15-15) % T, 10aX47-
DNJEFEZ 0, 3. 6 8 XU kgd 4 k#E (LT,
%% NO, N3, N6, N9 kglX £ & ¥,) %#i%lt. P,O;
1310 a2472 930 kg & 72 % L 9 14 % v T
L. K,OlZ10 a7 9H9 kg& x5 k) ik r v %
FOTHEEL 72, BIIZEE % & @i 72
B, TXTOXTHHEIC 3[MEMEH L. 20144 2 H25
H. 3HI2H. 3HI18HIZ, 10 a® 7 hHN, P,Os.
K,OlZ 2 N ZNEETI. 4, 2.88 L1884 keffiiff L
7oo TIHEREIZIZ, 3 WEIMZS540 (> 7
ra (#). N-P,O;K,0% : 15-14-10) % fHv>, 2
MHE 3HEHDBEINKILK 25 (P24 HL7
7 (#). N-P,O,K,0% : 16-0-16) % H\» 7=,
FICBT B2 RAR T — ¥ IR FTNIC BN 23 B
T A AW BT O 7 — & 2 L 7,

LR EMOKPERR A Bl 2 > & — B ZEDIE AT EES 25 8 =5 (2020)

2. PMEERRAE

ST RHIBEEE RTD20134E12H 2 HE L OVER
D20144: 3 H 3 Hic, #BfH. BhEH R 2 %%
UBEIX & 72 D 16K Z BRI L . 2 % 3 KBTI > 72,
L 7 RS ARTER, TR, TERR. W2
Y, R EFEL 2, EHRIRR FIEM O T
DEREFIL 72, 7. 20134E12H 2 HoME &
20144 3 H 3 H DR T I X B R RE % 51
L7z, obTidhE, 7V 27 % v ai, ik, REH
SEICOVTITo %,

AR ALY & R D B3, Downes « Terry
(2010) DFFik%E —HBMAE L CTobr L7z, BRELL 7:
k% ARk Pete. W2 UIBR L BEGZR S ¢ 72, Bkl
7o A2 R 20 mgZ295°CD Y & — & — N2 T20
SRR L 721, 95°C o EUK] mLZ N Z 1 IR ok
ML 72, iRz SR ols L 2%, 4°CTED
THEL. BEZ 7R P = MYV T2 EHR L o
ke L7z, OMFIZHPLCT, 2LV 27 F—Z, 7L
a—RA, A7u—A, I- ¥ A +—2 (EAES3).
ZA =R (BEEE4) 1I2oWT, HiHROEEE 7
# (0, 125, 500, 1000 ppm in 50% 7+ F =k VL)
ZHOWTE=RL, BEAELSMEDO7 VI FizD
WTIEF=A F—2ADBEHREHWT=A b —2A Y&
(mg Nys eq - g™') CTHIEL 7z, fE¥ER 7L 2
P =2 (BA"{bEHR)). Z7va—x, -7 A+ —
A, ZAP—Z (RDEHIZETE (BR))), A7ua—
A(FHAIATAZ(KK) =L 7, HPLCS:
B ToEtEDTHS, A5 4 LCI0A ((BR)
B EUERT) . A 5 4t Shodex NH2P-50-4E (HEAI
B (BR)., BEM : 7 b=tV IL(A)/K(B)
DY5Yxv+ (0min, A:B=78:22, 25 min, A:
B=0 :100. FA+5 =% 4 15 min), ¥
Hi%% : Model 300S ELSD#zH%s (MSEER: (KK)).
Fid 1 mL - min™', AR5 TH V> ZHPLCO £AF
T3, EAEIU L7 LY viconTiE, EHE
DS —CTHEE D B 72 2 Bk (L XY v 24y
)—2X) ZHILgEETE R WD, T AP —R &
DEAEDOEWIZ LI ¥ E, BEREITLICHREL
L CTEEZITo 7,

REGHFK, BEGHRICOVWTIZ, FEH,

FI1x HEBESTIEOILPMEQR013£5HE)

fiERRE e , g N7 ekt

gx ek UoRE IR Y pH
(mg-100g™ Y (%) (%) (mg+100g™ ") (mg+100g™ ")

0.07 0.13 2.52 22.9 440 25.1 5.95
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BHH 7 2 ZRUHMX H72 0 SHREILL, 3
BN D W TREZE I L 7R %2 TR o T 2diE
(varioMAX CNS. Elementar Analytical) % F
WTRRBEECERII L 72, ERIZL-7 L8 S Vi (R
V7 tE) e TRERZ R L 7,

B R

20134E2 5 20144 D BRI W D B OB E H 14,
20134E12H13H 25 15H, 27TH2>530H, 20144 1
H9H»525H, 2H4H2522H, 3H7HDS
ITHT, MELEMHZEZEDIEL T, 3HI2ZHM
B, BETIZH o PBEF I 0o 7, BHEESII
cm (CPAEE0.7). mIRFEE30 cm (CEAEHK0.5) .
B HH43H CPFER-0.9) THh -7,

EEI2H 2 HoAEF 12, WM & b, 5k,
ARIER, ARTER, TEMRR. WYE OB RN
FIEEDOFE D ED o1, BAHHF  HEERE
MR RS % WIEEREL R 2EHNTH o7 (B8
2, —Ji. R, KEEER, EBEREHE T,
MR H & b RPE RGN EOE IR s
ol BHOWM2Z, 9H 3 HEEORESH
RO 6N, BHR LI SRR
. BEEAENEP>T (FE-8HK), TRTOM
HXHCHEBZ NS & ARIEH ERR, EYE
Tk, B H R RIS E2 % WI0H10H
B, BEMEN 9 kgX i AT, Bl H <, FE
SBEEZIEHL 2o 7211H 1 HEME, FEEN O kglX
Dot (BBE8#K), W, REGHE,

BEEHFE, CONILTIREIC, I0HI0H B,
AEN 9 kg X 23/, 11H 1 HE A, AN 0 kglX
PR ER->7 (8%,

S 3 H 3 HOEFICEBWT, AR, Rt
T H &M ERENEOMENRD sk
D HMEIZEHEH OMEDOARD Sl (F9IK).
WY, REGHB, EREHRICHETIEORE
FRRD &N o 7o, FEENTEMEROEE A
L 7 AR RO IIIIER (A o (BE9HK),
BEROEE & HART, T XRTORBEX TARZE &
WP KE L, WYEBEL RoTni, KEE
ARIZFAFETH - 7h, BEREHEVHEL B> T
7272, C/NEIFEL o7z,

RN TR D 7 a < + 7 F L %ER
T, BHERDIH 5 = A b — A X D REFRHOE W
E—rhoon, EEEOLSM L7V & v
R I N,

BEETOMIEIIE 7V 7 ¥ v &2 ataliATERK
s ER ST GEI3N), BEE RO AlvEM:
KGR E 7N T Y v OEAEIIBMH & R
BEBICL-oTELR -7, BHEHINENIZ E0iAN:
R EEDSE Do 72, TRERAEERED310
HI10H &M Tl215 mg - gFW /i TH 2 DIcxf L.
11 A1 H#MTl1325~30 mg - gFW' LR 2 f5naE
DEH 5Ty NI =R, FTIVa—R, A7
0—ZDERICIIBHHOEEIZIZLEALE DN
F. AAMER K EREDE NI IV T Y U ERD
BWICLBHDBKE»oT, BHEHIDEWIZE 7
N7y vEREEAERED - GEIXB), F7-.

E8R 1B - BIBHLAREZRENVEFEBICRIFTTEZE2013512A28)
FERER BAE JRENE ROU ORIER BRI EME @R ORES %G ONk
A (ES
HH) (HH) (kg-108") (cm) o (€9} (mm)  (g/BF) (%) (%) (%)
8H27H 10H 10H 0 332 6.5 4.6 6.5 0.56 7.9 39.9 4.0 10.0
3 32.7 6.4 4.5 6.4 0.58 8.1 40.0 4.0 10.0
6 36.4 6.8 4.8 7.1 0.81 8.00 40.8 37 11.0
9 38.6 7.1 4.8 74 0.94 7.8 40.6 3.8 10.7
104 21H 0 29.8 5.8 35 5.1 0.39 9 413 29 142
3 29.8 59 33 4.8 0.32 8.6 41.1 3.0 13.7
6 315 59 35 5.4 0.43 8.8 412 29 14.2
9 33.3 6.2 3.6 5.7 0.49 8.6 41.6 33 12.6
f%*{?ﬁ’ H ok ok ok ok *x ko ® ok
FE BN ok * ** *k ok ns. ns. ns.
22 HAE M n.s. n.s. n.s. n.s. n.s. ns. n.s. n.s.
9H3H 10A21H 0 273 52 33 49 0.29 8.6 41.1 34 12.1
3 283 53 34 5.1 0.36 8.7 40.9 32 12.8
6 28.6 54 37 5.7 0.44 84 40.7 3.1 13.1
9 31.2 5.6 3.6 59 0.43 8.4 41.2 3.7 11.1
1A 1H 0 26 4.6 2.6 3.7 0.25 10.2 414 23 18.0
3 272 45 29 4 0.29 10.2 41.0 22 18.6
6 28.1 4.7 3.0 4.2 0.30 9.6 41.6 25 16.6
9 29.8 5.1 32 4.5 0.34 9.5 41.3 2.7 153
Kgﬁéﬂ n.s. * %k * 3k * ok ok ok n.s. * ok
B NE *k *E *k ** n.s. n.s. n.s. ns.
A2 HAE R n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

STHOIHTT, #:E1% KU, HISNKETHRE THAILE, ns A BRI EERT.
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LR EMOKPERR A Bl 2 > & — B ZEDIE AT EES 25 8 =5 (2020)

FIR BE - BEHCERERENMEREFTICRITIHE20144£3R838)

R BRBE JEIENE Bl AYHL  HEEE WE whE i P [Ch\ =R EPSy =S
U1H)  (AH)  (kg-10a)  (cm) (0 (mm) — (g/kk) (%) (%) (%) (%)
0 37.0 8.1 92 0.96 11.1 41.6 5.0 83 0.0
3 36.3 8.1 8.8 0.75 11.5 41.4 49 8.4 0.2
1071 100 6 393 83 9.1 0.84 10.5 41.5 4.7 8.8 0.0
87271 9 41.5 8.6 9.9 1.05 10.5 41.7 4.7 89 0.7
0 29.7 7.5 72 0.55 10.8 41.8 49 85 02
3 274 7.5 6.7 0.39 11.2 42.0 4.8 8.8 0.0
107218 6 304 75 74 0.54 113 419 4.7 89 0.0
9 33.9 7.8 83 0.7 10.8 41.8 4.6 9.1 0.0
BHEA Hok Hok ok Hok ns. ns. n.s.
FENEN ok ok ok ns. ns. n.s. ns.
A HAEM n.s. n.s. n.s. n.s. n.s. n.s. n.s.
0 30.2 6.8 72 0.53 10.9 41.8 5.0 8.4 23
3 283 6.9 6.6 0.42 113 42.0 5.1 82 0.0
10H 21
AR 6 30.2 6.9 73 0.53 11 41.7 4.9 85 0.0
9430 9 332 72 79 0.64 11 41.8 4.8 8.7 0.2
0 23.7 6.3 59 0.28 10.7 422 4.7 9.0 0.4
UALH 3 224 64 58 0.27 11.2 423 43 9.8 0.4
6 25.00 64 6.1 0.30 11.2 423 44 9.6 0.0
9 26.1 6.6 6.2 0.33 11 42.2 4.4 9.6 0.2
BhE N sk sk ok sk ns. ns. ok
RN Hk *k *k ns. n.s. ns. ns.
A HAEH n.s. n.s. n.s. n.s. n.s. n.s. n.s.
SIOHIC, L% KETHE THLILE, ns THBMENRNILERT.
600 Fructose
400 -
>
E
Sucrose
200 A
1-Kestose, Neo-Kestose
Nystose
J \y DP6
-
0
0 5 10 15 20 25

REFERER (53)
F12E IR FOREERKICYPOHPLCY O TS5 L

B &M H 23 CAEEX R TlE, $XTISE WL
TINOkgXD 7 V7 ¥ vEBEIE L, ElI N7
N7 H v OESENRbED ST,

AE R OMPRO W IRE R ERICIE, B
SRk WS R BIRRO N Lo (14
X)), "IRER AL &R DN8A~I0% % 7 L7 b —
A, INVa—A, AZ70—ANHEDHTED, T
DETINT P —AEEIRDEL, ROTAY
OQ—RAThol, 7V77vERRVRL, HEE
5FTDO7NLV7 Y&,

EER D7V 7 5 v 2E&d i IRERKMUY &R
LR E ORICE WIEDOMHBEN A S Lz (5615

M), —Jf. BMEWDO 70V 7 5 v %an - miEtkb
K& R L EREHEOMICIZE A DD A
St (BBI6KA), 7 V09 vaREBEEEHHED
HIC b EWE DM A S 17z (B16KIB),

=

Ezad

z

FBHEH, BHH, REEEEZ2HA0bE THE
MOLEF2EALKEETYV 2 XITOWT, BE
DR & BN RIG S D BUE TR, Fr
ICEE L OB ERA L7, TRTOFERIZE W
T, EENOMYRE X CEEHOMYIEIC 7 Vo



Y22 XDMEWE 7V 0 5 BT 2%

35 4

30

25

20

# (mg - gFW)

£l

ARV R KAL)

10/ 104 10/21F48
8/27%&FE

TNy B E R (mgr g FW)

10/21 84 ‘

10/10% 4 ‘
8/ 275

%133
ABEMEBRKIEME R,

FAEIL20134FE12H 2B IZAT-72

10/217%4#

i Fructans
1 Sucrose
Glucose

® Fructose

NO | N3 | N6 | N9 | NO | N3 | N6 | N9 | No N3‘N6 N9 | NO | N3 | N6 | N9 ‘ggmg,ﬁ;i
10/21 4k

11/1%4H
9/345 T
ODP11
oDP10
O I mDP9
] | | ODP8
I uDP7
E ? | # DP6
? 2 ? EDPS
4 £ 4 [] & Nystose
- = Kestose
L
N R o
Y N
\
D
JEAm A F
11/1%4H ‘
o/3H |

&1EA, BiEA, EEERENBEIOMBERKEMESECRIFZTEZE
B: VA UEE)

NO, N3, N6, NOZZNZENIEICEHEEO0, 3, 6, 9kg:10a '&2FKS

DPIZEAEEERT
DPSLL EDT NI B AT =AN—AY Tl LT

FUMEBINTED, HAZBERATOLETYHD
TYHERIZ 7 Vo & v DSERI NS Z EDVHH L 72,
MEFMOMEIERAMREGRLE 7V ¥ v E&&F
A H PR E R R TR L > Tn7dd, MERD
AR R KL &R BB 0B o
otz

FEEFT O WEIE R AN &R LR L DI
FWIEDOMHBEDEE® & 41, BEERTO AR
GRBIVO 7NV Y v EREEREGERLEOMICIE
EOWEOHBEDED s, —. BEEEOZYE

LEFREARIC, EEEEHEEOFEIIRED 5
. BHHORERRD 5, K (1967) 124
2 A X WO S N D LREIR DR — HE <
%Y. ZOBRRNHEINS LR ORZYE)
B2 EELTED, AEBRTHBMHIR
EEMPFEL . EELZWINL TEZEEHRIE
D, MR BMEL ot EZ o,

TR R & & L 2 o E G IEDO B IC
WX, IR OREEUND O 2 E G R RD B L
T5% R TIZE—ETH > Lo, ALK
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(mg - gFW1)

i
4

AR IR R KAL)

35

30

25

20

15

10

B LR P

30
25

20 -

AYEMER KL E R (mg - gFW)

NO | N3 | N6 | N9
10/10/%4#

8/ 27k

YA
e 3

102 154

Beffie v & —EEWIEAIER S 8 5 (2020)

CDP5

& Nystose
# Kestose
I Sucrose

Glucose

& Fructose

N9 | NO | N3 | N6 | N9 | NO| N3 N6 | No | HALzsh:
1072154 11/1%4#

9/3 %

F14R 1EEH, BHER, EEZRXREHSMEROMUBEERKEYESSICRIZTEE
FAIT20144E3 3 H I To7=

NO, N3, N6, NOZZzhZhnIiLEZER &0,

DPIZEAEZERT

DP5LL DTNV HANF = A=A &L

4 .‘
. °
°
] 4
| ¢
1 =090
P<.001
0.0 5.0 10,0 15.0
g (%)
15K EERIN12A28) OEERKIEHEEL

FMERDERQ2013FH4E)

3, 6, 9kg-10a 'K+

35 -
T A
30 -
: T
o0
i 25 1 °
E °
- 20 A ®
e L () .
4t °
x 15 1 o
AJ
-~
% 10 -
® r= —0.955
#o, P<.001
b
=
o : : : : .
0.0 1.0 2.0 3.0 4.0 5.0
EZREAE DW%)
14 -
12 B
o °
E °
= 10 -
o0
g 8 A
~ [ ]
il J
4 ©
AN )
= 4 °
N r=—0916 * %
JaN
S g P<.001 °
N &
0 . . . . .
0.0 1.0 2.0 3.0 4.0 5.0

EEEHEE (DW%)

16K HWER2A28 ORIBEMBKIEMEELERER
EOBERQ2013E74B)

(TR R AN & BEBREH R, B IV I G R EHREHE)



Y22 XDMEME 70V 7 7 VBT 2014

LY OBEMBER NI EOEMZ b 726 Lz &
EZoNl, ORI, AEERANMZEZY) D
MHEZETH D, REERMOMEMETIEZ DER
HOBEEDYRDEEET L T 2HBERKE O

(R, 1986) & L 7S & HEkTH %, AR
KIEYERDE DT, EFEFNE7VI YV ERDE
DWENKEL, FRFFXICEST7LIFZ LD
AERKRTOAEB RICE LTS FELITEMEYE T
HbEREBINT,

EEMOMAERKIEREE LI 7V 5 v &
BLEZGARLEOBICIEIEVAOHMELBED 5
n. WEoEEEARITEVIZE., BEEROE
Wi ERE 7L ¥ v ERIZEL BT,
Tamura® (1986) ZAFALFXF L TALFITEWT
SEEMANE & IEREEE R Y E R ORI A DB
WHDERELTVRED, 2D EIFHWIERNICK
INZINBEERENL 22138, EERFHIL LD
AR SN0 Th D (HK, 1986),
L2 L, BET2bbEEMHIcE »THmEE
Ml XY > X OBEEARITHELR o7 T
Lo, SRR X D ERESER L AR
MMeEGEE X071V 7 ¥ vERICADHBEDS -
tEZonsk,

— KT i B TOERMMDOHEL RS L
EEINT 7NV Y v oEgmEESEICIIHIEER
DSBS 5 Nt, HEINEEREIZ Ok - 10 a' F
TThiuE, F—FHEHTIIERZELS VIT EBL
HIDEBNKEL o Tk, FLEY DI
IOREICHHAEIN, 7V 7% v OEBPESED
Bl eoltEZonl, -, B, BHHINE
(. Btk oA BERE B L WA T, W MERK
t&EIc KIE T ERIMEINEDOFEHE Ik S L
27 57z,

BRH, BiH, ZEEEEZHAGDE THE
HIOEF2EZ 560, MER L MEROMYE
DREIZIRD L, TRTONEX CHEERTL D
AR DELTER NS | EWMREPKREL, BEEHE
RPE»ol, 2O Mo, EH, BEIEWYMICE
WTH, KERD X ) I/NFRITH UL, Pk
FEFRZWINL . EDEH L CEFNEL L EZS
Nz, L LEETIMEHNESETH S 2 06,
MRIEEERCE A BT ZHE L TEFEL, b
THrTOMELTWwL EEZ NS, ARRIcE
T, MENLMHZIRZzHKR T, 7V 70 v EH
PMET LTI s, BETOREEREKC 7
N7y oI EZ N, £/, BEER

WCWEHEAGEIIETO 7L 5 UD3ERD 5 ir=535, il
BHIIHNE - W EEAES FTOILI Y LD
GEN TSI LIS, BHETTIEERD 7
W E IR THE L Tk EEZ Nk,
KEBTIEHE, BEICL>THONEIRIZEA
ERDoNdot, [RITDT AT AT —=FIT X
3 R OE X, BEOES A3 an, RFE
EE30 em T, SEAEDA25 em, 62 emiZ bR TA o
T ORI D o L EZ o, EE,
COFEIFEILRANDEHIC BT, 20114E92 52015
FED 5 FEM O TBREA B DORD IR IR bK<
2% ThH-o7 (FILREERAME, 2015), 207
b 23X DMNENE L ANAERAK DBEIRICO W
THEHINEETH > 72, RIEBRT, TEMERK{EY
EEPINVI Y vER, BXUOEBEIN IV Y
YvOBRGEIIEEICE L TIIRESIc k> TR
ol hd, BER TIIBRESIC X BE W L
ol D, 7V vER, BEE, BET
TOHEE R LMEE L DBRIC O W TIERHEZ 55T
BHETH 5,
DLEDORERD S, EHHIOMYEE X CE#O
WYHERIZ 7 V7 & v DEEINTE D, ZOEHR
CHEAEIIBMH L EEEERICL DR o7,
BHIORBEEE R LZYE L OMICIEE W IEDOH
B, BEEHIO AR ERE L7V & v
GRLEZGHELOMIITEWEAOHEDSH - 7=
o, EMEWMOLYR L EEZEARIIMEER O
TN FUEROHLZE B EEZ SN, FER
ICHART, MEHRTERINTVE 7L ¥ Vv DE
BEMEL o722 5, BEPICHESEDE
TNDZUDBIERDEI N, HEIN TS EHEE
INt,

F4E IO LEHBEHDER

FEIHICEVWT, BEHEHBOEBEWNMO Y v X
7N 7 UDEBINT LI EPHHL 7, £
7o, EEEO AR ERCEGEIX, Bif
RHACHMERRICI D RR L 2 LRSI N, L
PLEBE, 7077 v L EEOBEBRIEART
Hote, METIMER, Ll Clto@EiEsd iz vEr
Bths, 2O Lhro, METOMYIE, KA
RS 7 AARHERF IC b e = 2OV X =R & LTI
T 570, EENIAENICHTRES Z HoIcE-T
ZNENH B EEZL N, 7N Y VI REEE
DEETINLY PRI, RPN F—
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R BHHEBHAINE Z L s, AXERIA Y
7 AT, AR ORESRESINEICEEL, F
K7WV vERPEVEMEELIEE 2 2 L8
WEEN T3 (Tamuras, 1985 ; B - ¥,
1995b) , 7 V2 7 viZAZu—AZFEE LT
7 b —RAEBIC L > THRI NS DY, Z DEERRIG
) VB EEEO XV - E RN E T
INTZ v EBRBELENRS IV a—2A%MBH6T 5,
Z010, HREBICBEWTS P EBMHEI NS,
¥, 7V REETERINS O, BEAT
52 L CTRBEICKERMELZRIFITICKEILE
T3, 2NoDl s, BRAEDILI Y
VIEBEINTWBIZE, 2 AX TIEMEEIE
E@E I Tws (G-, 199%a), ¥R ¥
IZBWTH, &AL 2RHEY & FRRICES T O]
R SRR & BEAESIMEE EBIRL T
AR D B, AFETIZ, BMERO 7 LVI Y v E
HEMBEROEFRERHEL T MEEE 7LV S
Y OREREBE L7,

F18 BEALVINIY VEREMEHICRIZTHE
F2RICBWT, BHEHP R W EEEIOEETD
RKELRD, MEBROEGFEEMMELS 2D 2 EPRE
N7, ZOREERIZOWTIZHBHL 2o 7=,
HIRICEWT, EEWOWMMENIZ 7 VY & V)3
BREEINTED, 7077 vy OEBEIIRIESEMIC
KoTHEHLBLZEDBRBRIN, FEEI N7V ¥
VOSEFIHR IR S T, AEARHERE 2 Sl
INTWwBEEZN, L2LENS, BHEOD
EVAEDEEET 7L 7 ¥ v ER ETNE ORI R
fRIHCH -7 2 &6, MEFOMYBICERE I N
27008 EEEICOWTBEHIC L 2 H2%
a3 2 BN H o7, Z I TAREITIZEBMA % 2
ZCHEE L MR 0 £ &SRO WA R KL
V&R EFE L. WL OBREBE L 72,

MHELURE

b s LR AR PER A BT v & — B
FINDOE N 2B L OVERAY 7o 7, il
=y () L) 240, 2014429 H 2
HIz448 eV b L —IciBEL. N7 ANTEH L
77 o FRAHES FE I AN 166 em, 559 25 em. RS 10 cm.
4572 L LTz, TOREMHNE I3 O AT 1Y 20 ks &
DEWIOHIOH &, BINROEMBMEOHZ L LT
WBI0H20H & L7z, HMEIZBBR I w55 ((#)

LR EMOKPERR A Bl 2 > & — B ZEDIE AT EES 25 8 =5 (2020)

JAS 4 7511 N-P,0,-K,0% :15-15-15) % T,
10 a¥% 7 h N, P,0.. K,0% Z 11 Z 14.5. 19.8.
4.5 kghiH L 7z, JBIEIZAEE %20 3RIEH L. 1
6] H 1220154F 2 H26H 1210 a247- YN, P,O;. K,0
ZZNZFN3.0, 2.8, 2.0 kel L7z, 2[MEHE 3
[IEIE 3 H13H E30H 2, 10 aX47 H N, K,0% #
NFN3.0 ke&HEFT6.0 kel L 72, 1 [FIEEAZ
. R IVBEINZS540 (> 77 m (BR). N-P,Os-
K,0% :15-14-10) % Hv>, 2[\[H & 3 [HH DB
BNKILE 25 (P =4 AL 779k, N-P,O.-
K,0% : 16-0-16) % JHv>7z,

B IIAERE, EERTO20144FE11H14HEB X
C12H 1 H EEE£020154E 3 H16H 12, BAEH
s RKED S SR ZRILL 3 KETITo 72,
U 7oA 3 AR 58, SEmPe, M L, HHEEE
ZHE L7z, SERRR IR TN O T EB D R 2 51l
L7, EFRERICOVTIIEIL 72 SR 4 H%
JREZ R L ConE o irEEiE (varioMAX CNS,
Elementar Analytical) % fH\WCEHllL 72, ZEEK
EEEH D20154E 3 H1I6H B X QU H o 6 H14H
WZEFII L 728k & 20144E12H 1 HICEHAI L 7= 0k
Bl TRD,

AAMEBAKAL A 3 B & R D J7 iz v
7

EE LORIMICBET 2587 -7 1200 TEEIL
WL B FROK BERR A Bt & v & — B SSBFZE AT B0 3
MDD D7 A Y AWGEEFT O 7 — 8 2 L 7,
MEAX DT 5 cmoMiEzEBA L E DI ((BR)
TATYFTA) ZHWTEHIIL 72,

I

ARFEIR DOREE DRI FEERIH R DR 13
P25 D GEHEDY62 e CEAEHLLD) RIFREE 2352 an
CEF10.8) . 5 emP EOREE H 2370 H (E4ERL. 4)
Lz, EEMEIZIZHS H25 3HISHE T,
SAE X D REE H 200 %o 72,

T 5 emDHR %2 BTN RN T, HIR IR D>
SHIEEFCET L7, I0HI0HBETIEBMEH D
SR IZ20°C 2 B A T 7228, 10H20H ATl
SEYHR IFF15°C F TR L, BABRI0H K £ CI15°C
HIE CHERL L 72, 11 H oI #911°C THER
L7=D12HICAS E IS F L, 12HI5H~1H
25 H O Z W i, i & 8 0°CT
—ETHo, MELMEZEDIET L, HRIEKR
SLCEH L 2, WP AVKE T O HIZ 1 H T,



Y2 2 XDMMEEL 7 V7 % BT 2% 19

ZOfiElZ-0.1°CTH > 7=,

BEEMIIH14H 120 1 HE X OEE# 3 H16H
DAEBZEISNIRT, 11H4HOEF B
I & 22D D S, 10H10HBAA310 H 20 H B4l
IHEARTAERES BERRR, M EEREDIRE Do 72,
NA4H2S12H 1 Hich I ClifgfEd & & 5
. WEREE. M EESEIEHIN L 7225, 10H10H &4
F10H20 HBEHE I EERBERSICAEF L TE D, 10510
HAMEA 10 H 20 H BRI LERCT12H 1 H DAETERL
TERE, M B ENKE o, — . EEHILLH
14H &12H 1 HOEZWFIZ10H20 H B HEA10H10H
BHEICHARTRE -7 (BBI8D),

25
20

15 Pa

% 3 HI6H OB ICBH 0213589 o ik
ol GBEI8IK), MifsfiH & b AETER, HEREE.
i B AEEIGREERIOI12H 1 HICURTET L, #
YIRIZEERO12H 1 HIclkRTER L 7,

Btz 12H 1 HE TORNEZRSERIIBEMH I
X DA S NI0H10HEHEH 10 H20 H A IZ b
RCED»-> 7% GEI9N), it 3 H1I6H ORNEE
FEARIIMBAEH & SEBFO12H 1 H X D3
L. BiiHIC X 221330 oo T,

BEENTI2H 1 Honak Rk &I BiEE o
WENEO SN, 10HI0HBMEICHERTIOH20H®
WDOI7NV7 b—RA, Zha—A, A7a—AB XN

— R
------ SEARHO R

FHE I

10 |

iR (°C)

5 -

0

10 11 12

1015202531 49 14192421 49 14192429

3 813182328

1

2 7121722274 9 141
2 3

FIR A FLEEHREICH T HIBDHERL014FHIE, TS cm&BIE)

—a— 107 10 A B&AH
==0==10A20H BHH

—_

(=3

11/14 12/1 3/16

[ (gF W)

Hh B3

37
H
©S =~ N W A U O 0 ®
e e L m

11/14 12/1 3/16

HEFHEE (mm)
N w EN W N 3 [oe]

11/14 12/1 3/16

11/14 12/1 3/16

F18K BEALEBICRIFTEZEL014ERHNE, A: £5E5, B EWME, C:. #h LEE, D324
t-testiZ&Y, #*X1%KHE, *[FT5% KETHEEZNDHDIILE, nslTHBENRNIEEZRT (n=3)



20

6
= 5 | n.s
S i
5 4 ¢
e * %k * % ’,,/

B 3T -
sap e
i 104 10 H BBA#
g 1T --0--- 10120 0 B4
O T T
11/14 12/1 3/16
A
FIOR BHEAIBESIEROEANBZZEEERICRIZTEE
(20144 75 48E)

t-testiZ &, ™MI1%KETHEENHDHILE, nsiTHEEEN
ez EERT (n=3)

F10k BEANREMOREERKIEHE

LR EMOKPERR A Bl 2 > & — B ZEDIE AT EES 25 8 =5 (2020)

O10H10H M  O10H20HB4E
* *
100
80 |
S
¥
& 40 t
#
20
0 .
IR S Iy

F20H BHEASEFRICRIFTTHEL014FHE)

t-testiZEVHIB U KETHEZENHDHZEEZTRT (n=3)
FETE% C 3H160 ULFERE - 64 14H

BICRIFTFEL014FE12A18FRD)

. B T (mg- gFW ) TN B (g gFW) J o5 (mg Nystoseeq -g FW™?) At
Fructose Glucose Sucrose DPZ3(Kestose) DP4(Nystose) DP5 DP6  DP7  DP8 DP9
10/10  5.84 2.63 1.04 Tr* 9.51
1020  7.04 2.93 1.49 0.26 0.32 022 014 007 005 Tr* 1252
ok * EES * %

t-test”

Z : DP : Degree of polymerization Dl CHE A E A7

Y DP5LA DTN 2 ANT = A=A B TR

X: Tr : TraceD§

Wi t-testlZdD), U1 % KHE, HI5% K HECTH EENHLILE, ns. (THEENRNIEEZTT (n=3)

AR R AL GBS E D o 72 (5510£),
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Studies on the Relationship between Snow Tolerance
and Fructan in Onion

Masami Asai, Hidetugu Nhishihata?, Tomoo Maeda? and Kenji Murakami®

Summary

Onion is one of the most important vegetables in Japan, and as a result, demand for onions is always
stable. However, in recent years, onion production has become unstable due to climate change. In
Toyama prefecture, onion is sown in the fall, overwintered after transplanting, and harvested in early
summer. However, Toyama is in a region that receives a large amount of snow, and damage from snow
during overwintering can be a huge problem. Fructan accumulation is related to the overwintering
ability of grass crops such as barley and wheat that are grown in snowy areas. The plants obtain
fructose by decomposing fructan and this aids survival under snow cover and during regrowth
following snow melt. A similar relationship between snow resistance and fructan accumulation has
therefore been suggested in onion, which accumulates sugar and fructan as storage carbohydrates.
This paper examined the effects of onion cultivation method and variety on fructan accumulation and
survival after snow melt and is organized as follows.

In Part I, the causes and effects of snow damage on onion production were investigated in Toyama.
An early transplantation date and high base rate of nitrogen fertilization were found to decrease
survival rate following snow damage.

In Part II, cultivation tests were conducted to examine the effects of transplantation date and
the amount of nitrogen during base fertilization on growth and survival after snow melt. Plants
transplanted early or given a large base amount of nitrogen showed an increase in growth prior to
snow cover, but had a decreased rate of the survival after snow melt.

In Part III, the relationship between growth and the accumulation of sugars and fructan were
investigated in fall-planted onions in the snowfall zone under different cultivation conditions. Growth
before snow cover was then compared with that after snow melt. Accumulation of sugars and fructan
in the leaf blades and leaf sheaths was observed both before snow cover and after snow melt. Seedling
and planting time were found to affect the sugar and fructan content of the leaf blades and sheaths
before snow cover but not after snow melt. The amount of sugars and fructan were lower after snow
melt than before snow cover, and the degree of polymerization of fructan in plants before snow cover
was 11, whereas that in plants after snow melt was 5. These findings suggest that sugars and fructan
are consumed by overwintering onions for metabolic activities and growth, and fructan, which has a
higher degree of polymerization, was sequentially degraded. A positive correlation was also observed
between the total sugar content, including fructan, and the dry matter content before snow cover,
while a negative correlation with nitrogen content was revealed.

In Part 1V, the effect of fructan accumulation before snow cover on the survival rate after snow
melt was investigated. Under optimal transplantation conditions, in which fructans were able to
accumulate immediately before snowfall, a 100% survival rate after snow melt was observed. In
contrast, the survival rate decreased to 80% following early transplantation, which resulted in a barely
detectable amount of fructan before snow cover. These findings suggest a relationship between fructan
accumulation before snow cover and survival rate after snow melt.
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In Part V, the relationship between growth during snow cover and varietal differences in soluble
carbohydrate accumulation and survival rates after snow melt was investigated. The survival rate
after snow melt differed among varieties and was highest in the ‘Tarzan’ varietal, suggesting that
overwintering ability under snow differs according to varietal. Meanwhile, no relationship was
observed between the survival rate after snow melt and plant size from snow cover to after snow melt.
A decrease in soluble carbohydrate accumulation was also observed from the start of snow cover
until snow melt. The kestose content (1-kestose plus neokestose) of the leaf sheath after melting was
also determined; here too it was highest in the ‘Tarzan’ varietal. These findings suggest that fructan
is important for survival and growth following snow melt. In line with this, consumption of soluble
carbohydrates under snow cover is also low, thereby affecting the amount of residual fructan after
melting. These results suggest that the metabolism of soluble carbohydrates during snow cover is
related to the overwintering ability of onions under snow.

In Part VI, the effects of temperature on the expression of fructan synthetase genes 1-SST and
6G-FFT were investigated. Expression of 1-SST increased rapidly when plants were grown at the low
temperature of 0.5°C, but a rapid decrease was observed at 15°C, which is considered the optimal
temperature for growth.

Overall, the above findings suggest that snow resistance in onions increases if excessive growth
before snow accumulation is prevented. Moreover, fructan accumulation is associated with an increase
in the overwintering ability of onions grown in snowy areas.
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