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CHIRATEI Y O SR T T &, REIRMERC
LTV WEEShTWS ONEE  2002) 23, Rrseft
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Ohwi et H. Ohashi) =V & v X, &80 (Phaseolus
wulgaris 1.) KIE4&WE, K (Glycine max (L.) Merr.)
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JOVEREFIH LT -20°CIZFi%E L7z m sUiris . (FS;
temp. © —18.9 = 1.6°C ; RH: 35.5 & 17. 1%, #¥ABREK
FICEE) KO 25°CIHIRATHEUE (CS; temp. : 24.9 &+
0.1°C ; RH: 41.3 = 5.9%, HIATREKFENICHE) % H

WTER L,

(2) AERHE

HEEHRIT 270mm X 280mm, JE X 0. 07mm D KFIYPERE
SR Y =F L 48 (SB, RH: 59.1 + 0.2%) % MW,
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RIS O TSR & 1T 7,
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30 4y [ kiE %, 5°C, 3300rpm, 15 47 [H5E 047 EfE (CRSB,
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% 2 [l 0 3R U TR &2 1772 » 72y K1 15°C T 16 Ief
JE LT o bk, £ T -20°CHmUE Tk
17 LTz, #2787 BOMHIE Sathe H DA (2009) (T
Mo THT o7z, Tiabb, 28 ODPUFHERE 15m D= =
HVF a2 —7 (120 X 17mm, ¥ & 15ml, Nunc Co.) IZ
WAL, 10ml @ saline borate /Sv 77— (0.1 M HzBOs,
0.025 M NazBO7, 0.075M NaCl, pH 8.45) %Mz T, m—
ZA Ty 7 HRASH) Ik
W R T T 70rpm/min, 120 4y M #E#R I L 72, 5°C,

2 —xA— (NR-2,
3600rpm, 40 4yl OHEL TSN BiEE & L8y
By L Uiz, Z i % Bradford ¥ (1976) 12 XV BSA
(Sigma Aldrich Co.) ZAFM¥EME L L TH U HEx
KTz, F R R ONERE SH MO E 7T Cekic H D
Fik (2009) \ZXVITo7e, bbb, Loy %
7 VR 100 pl 12 400 pl DFEEKZINZ, Iml D Urea 73X
77— (M JRFEZVRMR LT Tris AEER (pH 8.0, 0.086M
0.09M Glycine,

Tris, 4mM Citrate)) Z=H0Z, 30l @

DINB ¥ #& (4mg/ml, 5,5 —dithio—bis (2-nitrobenzoic
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(Sigma~Aldrich), 110U Z v =27 2 7 —E8 (FghiZk),
383.30 Fm 77— (ROGHidk) 2z T, 40CH& Y
SR = A 73— (160rpm/min) T 48 KR L L7z,
15 43f#1, 3000rpm Tiz/lr L, 5§57z RIKIE 50ml F = —
TR LI tk, K 2.5ml T3 AR LEEE LT, 5
S BT RTEH LV E0ml Fa—7ICB LT H
J—)v% 50ml £ CMACRE, | REHMER, 20 20,
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ThrER, LB 80% =% / —/L bml &% TIRAT,
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IEEH, Fy AT = A J1— (40°C) T I8 KA
Y a— |k L7z, 2043, 3000rpm TizlyEEL Tk
WEROTF 2—71 L, ZOFBEITK 5nl 20012 Tht
VIR LI A T o7, 62T _TO LIFILWSP & L
7o BENT, ZTOWEINZ 0. 4% ~F A XY Ul R
T LVEIR 20ml AN Z TR, =0 LIEENOT 22—
TR Lz, TOEEIZ0.4% %V 2 X U U ERIRIK
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S (Scott etal. 1979) THEE LI, T72b5H, WSP,
PSP K ORHSP 1345 % 100 pl %22 U35 A7 7 AGRBRA (TST-
SCR13-100, 13 X 100mm, Ji7 2 / 27'F A) (/B L 7z,
7T v 723K 100 pl & A7z, 100 il 0 2% NaCl %
MMz CTHRBREZKGLAZND, Inl D 5%k Ok
B Bz, FAF w7 AIFY— (G560, Scientific
Industries Co.) TH¥RE, EHBHIKM LT, HWVT,
WCHRTA A&y hSZ (DIU-1B, A7 > 7) TI0

- B - AR - DMBIEZ

SrEMEMS, EBICRBE 2K LT 0. 1%V AF LT =
J — )VERFE IR 100 pl Z 0% TIRFI{%, 400nm & 450nm
DY AE % 7E L7z
WOGME) 2 A DWSHEE LTH T Y 7 v R g
RO, EEWEIZITd ATV 7 o (Signa) %
LAY

(450nm OWEYEAE) — (400nm D

5. #fEto T

FNENOT — XL PYE FAEE (D) TR L,
SAS 9.3 Y7 baIV, BEZEME (t-Tests KT LSD
) L ARBEMERGEE (Pearson FHBIMRED) #AT\, RiIE T
IEp<0.05 ZFELE L, HETIE p< 0.0l ZHEL L

HBRELUVEE

1. FBLEEE - BEOX VANV EHRICEEN L IlEE
SHZEEDREEFMEL
BEVEDOIRIED—2>Th B ¥ /37 B Ol SH E o
TRIEIZE % Table 11278 LTz, SHIEIZ Y /37 BN D
AT A VFRIBIAFE L TN T, TEERESR IR B %

HRENDT, BAEPEITT D E VAT A ANVER

Table 1. Amount of free sulfhydryl(SH) group of protein of adzuki beans, kidney beans, soybeans and buckwheat flower stored

at different storage conditions(sealed bags and paper bags).

St & Free SH Protein (#g/mg protein)
OTage Ume T NCE/SB FS/SB CS/SB NCE/PB FS/PB CS/PB

0 336+08 # 336+08 * 336+08 * 336+08 2 336+08 @ 336+08 @

3 29.74+00 » 337+09 * 308+01 " 300+02P 323+00°" 295+00 b

adzuki bean 6 284+03 ¢  327+00 » 299+06 ¢ 290+07 ¢ 31.3+02 ¢ 293+0.1 ¢

9 29.7+02 > 316+01 ¢ 301+03 " 254401 ¢ 3154+03 ¢ 300+03 P

12 30.2+00 P 314+03 ¢ 28.7+0.0 ¢ 254401 4 299+00 ¢ 253400 ¢

15 298+0.1 " 309+04 © 283+0.1 ¢ 249401 4 296+01 9 251402 ¢

0 379+01 # 37.94+01 * 379401 * 379401 ® 379+0.1 & 379401 =

3 285+02 P 355+14 > 295+05 P> 267+02 P> 324+03 " 283402 P

Kidnev bean 6 266+03 ¢ 313+03 ¢ 21.8+05 ¢ 235+01 ¢ 31.1+05 ¢ 27.1+04 ¢
1

v 9 27.7+0.1 ¢  314+03 ¢ 21.0+05 ¢ 232407 ¢ 284403 ¢ 266+0.1 ¢

12 275+02 ¢  311+£02 ¢ 206+10 ¢ 227+02 ¢ 280403 ¢ 262+02 °©

15 268+01 ¢ 309+01 ¢ 197+02 ¢ 222400 ¢ 267+01 f 249+02 f

0 199401 * 199401 * 199+0.1 * 199+01 2 199+01 * 199401 ?

3 16.34+0.0 > 196+01 P 187+00 > 162+02 " 196+01 > 162400 "

sovbean 6 176 +0.1 ¢ 188+0.0 ¢ 168+0.3 9 104+01 94 197+03 ?» 152406 °©

v 9 152+02 4 181+02 ¢ 164+0.1 ¢ 131+07 ¢ 168+01 ¢ 128+04 ¢

12 153403 ¢ 182+0.3 ¢ 164+02 ¢ 131+07 ¢ 168+01 ¢ 1264+0.1 d

15 151400 ¢ 180+0.0 f 164+02 ¢ 129+03 ¢ 167+01 ¢ 124403 °©

0 153401 * 153+0.1 » 1563+0.1 & 153+01 # 153+01 * 153401 ?

3 94403 ¢ 142406 P 154+0.1 * 104+02 > 13.0+00 ¢ 1274+00 "

buckwheat 6 97406 ¢ 143+03 > 146+02 P 54+03 ¢ 124+02 ¢ 116+0.7 ¢

uckwhea 9 105403 > 186+01 ¢ 119404 ¢ 14407 ¢ 136+01 > 11.0+0.1 4

12 1024+ 0.6 " 135+ 0.2 ¢ 11.6 £ 0.7 ¢ 16+03 4 134+02 " 109403 ¢

15 9.6+ 0.0 © 135+ 0.1 ¢ 10.6 + 0.1 ¢ 1.1+0.3 ¢ 12.2 4+ 0.0 ¢ 9.7+0.0 ©

NCE, Natural Cold Energy (frozen soil storage); FS, Frozen Storage at -20

significantly different among the storage time (p < 0.05).
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° C; CS, Constant Storage at 25° C; SB, Sealed Bags;
PB, Paper Bags. Date are expressed as means * SD (n=3). The values with different superscript letters in the same line are
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Ik L7 N R OB R G, ISR < R DIToh, #
2R B O SH AR EITHAE S R STz, FRZ 25°CIE
IRETHEE U 72 53E 0 SH AL &8I B ISR LTz,
TAIRRRCS L OVREITER L 72 b OIC DWW T, SH &R
DRPITDThThoTle, KE, BRICEEND X N
7 B Ol SH R, WO T,
TRAMEF 3G BTz, 25°CTEIRETRFS L OR L5 T
L72H OO SH RO/ ITHE THh o728, Wy
B L7= b O TIHNT DT CTh otz W ORTES
2B NWT Y, MR THRL/NE, RELOEZO X
NI O SHERT, IR R L RDITon, BAOMH
AR LN, B
ZIVLBEE TH o7, FRIC, ST L-#E L0 S
FEEOPITIEFICBE Th o Tz, AERIZBNTIES
LRI O SHERBLIZ L VRS T 20, HEEO

FHZD SH HEEOWD 12 R TRISE D

BRI L ORI BV T, hE, KRE &
WEED X 37 EOFREEMES I S iz 28, 25°CHE
RIFR I Y 7 BOBIEHLIREE LTz 2 L AR S

iz (Table 1),

AR D25 &, MR KT Z ™7 kD
LUV TOEBR Y, BER, RBEEL ANV
AT NI B = VEERT COBMEIIR T+ 5, @i
2RI SS R, KRFBEREE R OBUKR &7 LT X
DHEASITNVDN, Z -0 B & ateKER 2 N
% EFRAIZ 20 SHEED BRI T2 2 & D3
HEN TS (Chiang etal. 1974), F72, Ren & (2001)
&, FekE ko & R EOREIZ DWW TR LTz &
ZA, WRFOAFEO K 0 (TAVTIy, Jna
TV, ZUTVUROTIVT ) OWERE SH AR
DL, SSERIIMEMICH T2 & Ex@mE Lz, 20
FESLE, BRI Z 0 KkE T HEoBENEL LT b
ZRLTWD, AT, EHIf, #E8cltmm
I3 L OVR BT L 72/ N, KREROEEDHZ X7
B DR SH E S, 25 CIHEIRAFM O Z Iz R T 7z
W2 EZHLMNT LT,

2. FBILE-E5 - BEORNI FUEOREMEL

BRI T O/ NE D2 F L O F Table 2
R LTz, WTNLORFBEMEICIBS N T, T - RO
KGR D F L BB T DI H Y, Kl 25°CHHEIR

Table 2. Amount of pectin composition of adzuki bean, kidney bean, soybean and buckwheat flower stored at different storage

conditions (sealed bags).

Insoluble pectin(mg/g)*

Water soluble pectin(mg/g)

Storage time

NCE/SB FS/SB CS/SB NCE/SB FS/SB CS/SB

0 8.74+0.1 2 87401 ? 87+0.1 ¢ 30.1+00 @ 30.14+00 & 301+£0.0 ?
3 88+0.2 2 87403 2 92401 ¢ 278 +04 > 294+04 > 274+02 P
. 6 82+0.2 ¢ 80+0.1 " 96403 ¢ 274403 ¢ 281+06 ¢ 259404 ¢
adzuki bean b b b 4 d 4

9 86+04 b 82404 11.1 £ 0.4 26.7 + 0.5 274 + 0.5 25.2 + 0.7
12 88+02 2 78404 ¢ 115403 = 26.6+05 ¢ 27.0+06 4 228+04 ©
15 854+04 °© 7.74+04 ¢ 113403 2 260+05 ¢ 264+10 ¢ 221+06
0 91+0.0 2 9.1+0.0 ? 91+0.0 © 424+03 @ 424403 @ 424+03 ?
3 88+02 2 88+0.3 P 92+0.1 © 419+04 > 423+04 * 402+04 P
. 6 82+04 P 82401 ¢ 100400 ¢ 411+04 ¢ 418402 > 380+0.1 ¢

kidney bean
9 82+06 " 85+04 4 125402 ¢ 40.7+06 ¢ 416+06 > 369+0.3 9
12 83+04 P 87+0.1 b 135+05 P 402 +0.7 ¢ 412404 ¢ 364+06 ©
15 7.9+04 °© 84+04 % 146403 * 400+05 ¢ 411+08 ¢ 355+04 f
0 89+0.0 2 89+0.0 2 89+0.0 © 39.1+0.1 @ 391401 2 391+0.1 2
3 88+04 2> 87403 2 92+02 ¢ 376+05 > 39.0+03 2 375+02 P
6 82+0.2 ¢ 80+0.1 "™ 96403 ¢ 36.6+03 ¢ 376+06 > 365+04 ¢
soybean
9 86+04 ™ 82404 > 11.14+04 P 36.3+05 ¢ 371405 ¢  37.3+£0.7 ¢
12 88+0.3 2 78+04 ¢ 115+0.2 @ 364+06 ¢ 365+06 ¢ 357+09 ¢
15 85+0.5 © 77+04 ¢ 115+0.3 *° 355+05 ¢ 362410 9 342+08 F
0 112400 ¢ 112400 ¢ 112400 ¢ 305+0.1 ¢ 305401 ¢ 305+£01 2
3 129+02 @ 128+01 * 128+ 11 ¢ 328+03 * 335404 @ 313+£17°
6 1254+01 > 1204+02 > 134402 °© 325+03 > 329403 P> 294+03 ¢
buckwheat

9 119405 ¢ 114404 ¢ 1454+01 ° 31.6+£06 ¢ 3254+06 ¢ 286+02 ¢
12 11.7+04 ¢ 113403 <« 151406 2 31.0+05 ¢ 3234+08 < 274+1.1 ©
15 11.24+41.0 ¢ 108402 ¢ 155403 ? 306+13 ¢ 322404 9 259+04 f

NCE, Natural Cold Energy (frozen soil storage); F'S, Frozen Storage at -20°

C; CS, Constant Storage at 25° C; SB, Sealed Bags.

*0.4% Sodium hexametaphosphate soluble pectin and 0.05N Hydochrolic acid soluble pectin. Date are expressed as means = SD
(n=3) . The values with different superscript letters in the same line are significantly different among the storage time (p < 0.05).
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WP 35 1T D 2 O BB Th o7z, WS, A
A7 F R, 25 CHEIRITE CA BN 2 m 23558
DB, MOITEREFOZENG DMLY bEnoTz, L
TeMo T, MEN—EOR, AFBIREIMEV S (FEE L
e AT SRR B B OV BRRTR) RS F o 0
LRSI S T,

FEHM, sESEITE L EE T, RERDERS
HROIFEROFEE EARR O, SEOMEARE
ZRZT BN 2 flih FA R L, 7 Fu b S
LTWD UMl TFA L ERBEMRREDHZ LTI F D
N EMRES N L HEE L TV D (Liu et al. 1995),
Fio, XA XRS5 &, MBI ZET 22
& (Parrish eral. 1978), fHMiIEIEDERERIICZZE L L T
BEEEZTZE GFRED 1980), EMEOREHNE
{7252 L (Parrish eral. 1978 ; Jackson et al. 1981)
REBWME SN TWD, Fio, EMRITE LT XX
TEREOWHN L b Z b EhTnWd (EH
5 1983), TNHDZ Enh, EHIMETE LT X%
DR LS 72 200%, MBI N ZEL L T7 F
URAIABE DM DAEGIZEL N A Ul fzb & B2 BT
Wo (HHES
30°C T 40%RH K& (Y 65%RH D FE 54T 6 4 A BT L 7=
EZA, WTHOITEEHTHLXIF BT F
DAL B 7R BB DT80 Havighr o 72A3, 30°C T 65%

1991), F£72, GH% 10C, 20C, KW

RH O 44 CHY L=/ NEOFESIE3 » A0S ER L=
ZEEHELTHD (Yousif etal. 2002), MTuEtED
Pez gl &Y FRIL, <7 FrORELIET BFRET
TN EHR LTS, £, GHEOMLE HIC BRI
7z ) =AY, R = oS RHE ST

- B - AR - DMBIEZ

% (Garcia etal. 1998 ; Maurer et al. 2004), 5°C k%
O 30°CCHYIER L 727 X% OBUKAENE 7 F B 3RiE
TO0.65% %HETO0.60% ThY, 5CTHF LIz FNBZL
b, Fie, BUKREMERS F U RE 5 ClE T 1. 98%,
30CHFE T 2.32% TH Y, 30CTHKLIZFNLNZ &
1991), F7=, KEtE~s 5
OWPE, ARIREDREREIZBES 5 Z &, 30°C THPH
T5 &, WM DE I PR T 52 LAHE ST
W% (Salisbury etal. 1985), AMFIEIZLY, WEEN—

EHELTWD (HHS

ET, WERERmVE, RNEET T ORPHERT
LT EEHGMIT L,

MNERULSHEOREBRICHS THMIENR L FE
HERIFY, KBEUERIFURUVAVIVED SHEE
DHEBERERIZONT
NEROERFTORGTOME, FIE, RIEROER
(BRI F U, KT F Ui, 23
7 B O SH B EDOFBIBIfR A Table 3 1Z7 L7z, /NEF
HOB L, KEES7 Fr&EOMICEREICE VAR
B (=-0.833, p< 0.01), REME~TFr@|EDMEICH
EITEWIEMERE (r=0.813, p< 0.01) 23O SNTZ, /N
S ORI, KT F B EORICAERIZEWIE
FAB (r=0.819, p < 0.01), REMERZ F &L ORI
AREICEWEAERE (1=-0.780, p < 0.01) 2580 BT,
RIEHEOBLRIEERICONTL, KEESZ Fr&EED
FHCA RIS mWATAR (r=-0.835, p < 0.01), AFAMEN
7 F gL ORNCAEIE W IEMB (r=0. 836, p< 0.01)
MO bT,
GREETOETIZENTIE, S KBS FoRBE

Table3. Correlation between amount of free SH group , water soluble pectin content, insoluble pectin content and
processing suitability of adzuki beans and kidney beans stored at different conditions(sealed bags).

Free SH group Water soluble pectin Insoluble pectin

(ug/mg protein) (mg/g) (mg/g)
Electrical conductivity(#S/cm) -0.510 -0.835« 0.836+
adzuki bean Hardness(N/seed) -0.520 -0.833 * 0.813+
Yield of beans paste(%) 0.514 0.819+ -0.780
Electrical conductivity(#S/cm) -0.592 -0.772+ 0.889*
kidney bean Hardness(N/seed) -0.700 * -0.868 * 0.963«
Yield of beans paste(%) 0.716+ 0.879+ -0.957

* p<0.01, n=16
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OMICHBEIZEWARB (r=-0.868, p < 0.01), K&
P F U BEE ORICERIZEVIEMR (r=0.963, p <
0.01) BRDBNTIZ, £/, BETOETIZEEND X
LRI B D SH MR L ORICAH EICEVVIEFE (r=0. 700,
p < 0.01) DO LNT, BRFEOEIERIZ OV T,
KR T &L Ofic
p<0.01), REME~R7 T U EEOMICERICE VAR
(r=-0.957, p< 0.01) 2RO LN, EILRE XLy

ISR WIEMR (r=0. 879,

B> SH M L OICITAEICSVIERB (r=0.716, p<
0.01) MFEDHONTz, Fio, RIEROERUSERITKE
MRy F B EDORICHEREICE WA (r=-0.772, p
< 0.01), REMHE~7F U EEOMICHRICHE W IEMHBE
(r=0.889, p< 0.01) B@EDOHNZ, ZNHDOFERLY,
RENER T F o BmDOEIMPLONZ 237 B D SH EEE O
DITNT R OGO LEMEDEIE & 722 Z S DR 7
Th b,

T R o TR L 72 SR R OB RO I
DD EREHEET L (Fig. 1) PHEESNL TV, F
B OB K DEDOHEE, 74 FUMOBRC KD
FALNT U ADE, MBINA LT T SA A PR L
B X O, 7 FroREt, ¥R EoRENE
BROEEEZ2 SN2 KD HICEG R EL D EHEEL T D
(Liu etal. 1995), #EHAET 15 » AP L2/ NE, 4
e, KREROEEICEEND T 1 F U BRITIEIC 7. 29
+0.32,10. 16 = 0. 26, 10. 47 = 0. 33 2 U8 11. 25 + 0. 05mg/
g seed Z 71 L, BFRRBRAARHC L ~BAE 72 BB L ST,
AEIDORFHEIC L 57 4 FUBOBRTIEE A LR
bipinotz, iz, BEAET 15 4 A MR HITE
L7/ NGRS E £ D 0 U U AR &I 290mg/1 7
i, VIR R 13mg/1 T, 25°CIEIRRTH L 72/ E
RIERICEEND 0 Y U LI EL 450mg/1 RIEHK, Y

VIR 32mg/1 TH o7z, B IEOEWVINER

gtorage
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Fig 1. A model of a multichannel mechanism, showing sequential events leading to
the hard-to-cook defect in legume seeds(Liu et al. 1995).
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Abstract

This study aimed to reveal the effects of differences in
three storage methods of frozen soil storage using natural
cold energy (7.1 = 3.4°C), frozen storage (-18.9 = 1.6°C)
and storage at room temperature (24.9 + 0.1°C) on the free
sulfhydryl(SH) group of protein and pectin composition of
beans and buckwheat. The amount of pectin composition
and the free SH group of protein are used as two dominant
degenerative factors of food ingredients. Soybeans (Otofuke),
kidney beans (Taisho kintoki), adzuki beans (Erimoshouzu)
and buckwheat (Yabukita) had been packed in paper bags
as well as sealed polyethylene bags from March 2010
to June 2011 for about two years. As a result, with long
storage time, the amount of the free SH group of beans and
buckwheat decreased by using either storage condition in
both packing forms. Especially, reduction of free SH groups
of the samples stored in paper bags were remarkable. In the
sealed polyethylene bags, there was no/little change in the
pectin composition of beans and buckwheat by using frozen

storage or frozen soil storage. However, water-soluble pectin
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content of beans and buckwheat stored at room temperature
decreased, insoluble pectin content of that increased.

In addition, a positive correlation was observed between
the amounts of insoluble pectin with hardness of cooked
beans and soaking liquid electric conductivity of stored
adzuki beans and kidney beans, and a positive correlation
was also observed between yield of beans paste with water-
soluble pectin and the free SH group of protein. The results
of this research indicated that, by using natural cold energy
storage in sealed polyethylene bags for reserving beans and
buckwheat, generation of insoluble pectin that affect the
hard-to-cook phenomenon could be inhibited and degradation

of the protein component could be suppressed.

Keywords:beans, buckwheat, sulfhydryl group of

protein, pectin composition, frozen soil storage using sealed

polyethylene bags

24





