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Effect of long-term storage conditions on the cooking characteristics of adzuki and red kidney beans
— Lipids and Phytic acids —
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IR 24.9 &= 0.1°CTWEEE 35.5 = 17.1%RH (=1 A) 3 K ONENREEE T 58.1% + 1L.6RH (=1 B)
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OIHNEE TND Z LB LVOELOEREDRTARDOOND Z L AP S LT (RS 2014),
SENIIEE & 7 4 FUBRICIER LT, ARWEDIRT & OBEMEIZSOWTRIT 217 o 72, Aris L
NG E ENDIRE OB SRR (v P77 e B, MDA) i3 81.9nmol/g seed
(IR A) BX 7. 7nmol/g seed (R B), &FE O Zhidk 1159nmol/g seed (R A) B LW
111.4nmol/g seed (TIR B) T o7z, Z DOffl, WHIRE 7.1°C+ 34°C T 84.8 + 4.4%RH
(IR C) 35 K OVERELEE THREE 55.1% + 4.9%RH (IKJE D) DT, BFEIEAE 189 + 1.6°C LR
B 41.3% + 5.9%RH (3fifE B) 4 L OVNAREE T 51.5 = 6.9%RH (s F) Ty L7zZh=
NOTIZEEND MDA BICHABEFICEVMEZ R LTz, 15 7 ARIPER L7/ N EOFREOM S &
MDA #: & ORIZIZEWIEDOFHBIBIR AN A & O Btz (i A : r=0.69, =il B : r=0.84), F7z,
EREEOZNHICEH BV IEOMBIBRARD bz (SR A =089, =i B:r=0.89), ZNhb
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(Bressani. 1982; Tuan et al. 1991; Hohlberg et al. 1991),
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1. RER#ME, FEESRSLUDERE

FERAEHT, SRR 21 FFAE S ERED /T [ ) £
vavR| BLOERFE TRKESRE ZEHLE, /NE,
SR E ORI, EIER R HITEE (RS
AT E), ERAPHE (RSB ERFICRE) BLO
IOBRATRE  CHE IS S R MIBRFFE S N ICRR &) 2 F
TIT o7, HAEFIHMREIZA DMK EFIH L THETIC
7= b — R XA T ORI I H A AE Y R O NEHR
RIS R T 2B CThH D (14 2009), 7z,
FEIRATRHE L 25 CHEIRAE (MIR-152, =¥ Z A
L, MOREFHEE TR O 20°CHsiiE (MDF-536, —7f

JREBLOT 4 F U —

B A L PR ERE T o7, &2 TOY TN,
MR O EAIETERE T h 2 B AR (K& S 830mm
EX04mm, 7 77 MY) BIOKRY =F
LYy RIS (RS O K& S
270mm X 280mm, JEX 0.07mm) (ZAFLTHTER L7z, %

X 417mm,

FBFOUTIET, FAE BT 20kg, FRESIT 20kg/ 45 (1 4%) T,
FEARIT kg 48 (204%) & L7, WPESMoRER X
ONBBEIFR 1R U, Rl 22 42 3 A~ Rl 23 455 A
ETOD 15 » AT AT, 0 A0S 15 » HET3 »
AR ERE 2kg 2 7 2 F DITERILC, 2EZRAL
Toth, 72 H MTEEHE BRI L CLL R OSHHIER LT,
HEORAERHENE 3 [FLL BT~ 72,

K1 NG E RO R, PR, IrEiisd, DEIPE

M e ft FEHRECC) PR (%RH) Py B 3¢ e SIA
HIRA 24.9 = 0.1 355 = 17.1 fE R R A
=EB 24.9 = 0.1 58.1 = 1.6 ERIKi RN
IKIEC 71 + 34 84.8 + 4.4 WA A
IKIRD 71 + 3.4 55.1 = 4.9 AR A FioEe B
HAEE -18.9 + 1.6 413 = 5.9 7O PR S
BHER -189 + 1.6 515 + 6.9 DR PioEaERS

2. J4FUBESDAIE

7 4 F kS Bl Latta and Eskin (1980) 0 J5{% % H
WCTIE LT, bbb, $r 7 1gic 20ml D 24%
10 B[t HR 248 0
WL, AR 1RM=EIRCHt L, 1043/, 3000rpm C

HCIEWR (0.65N) &z, 15 53T

EUDAHE L TR DAz BIE 3ml X, KT 25ml IS ERTE,
2ml ¥ i > DOWEX 1-8 ff/lF (100 ~ 200 A v > =) &
T LZHEAE, 10ml OZEE KON 15ml @ 0.1M NaCl ##K
i L CHER Y ROV OO EE & I S E T,
BT, 15ml D 0IMNaCliZ kW 7 ¢ FUBRZEIH L
Too HEZWER, 30 57 LANIZHE K 700 1112 Wade 74
FE (0.03% FeClI3 + 6H20 KIFK I N 03% A/LAH Y F

IR ZKIAIR DS BRAWR) 700 ul 2200 2 TR, 1 451,
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12000rpm Ti. 040 HE L, 5 5h 7= EiFI% 500nm CHflE
Uiz, 74 FVBEE R, BaEO 7 « FUBE v

R & 0 SRz,

3. BB (MDA =) ORIE

SEOMWER T, ALY — VRIS (TBARS,
MDA tHY &) ZWET 5 Z & Tl L72 (Kosugi et al.
FH—THRILL, B
ALY 7 1g 13 10ml OFEF & HEBREC 1g Y, 3ml

1991; 1993), FE¥- 10g 1% 1 43 2

DraaFRNL A= 2:1) BT, 250
R, 10 43, 3000rpm T LoEEL 7=, [F C#EEA
3 [E#E Y IR LT LRI, A A7 T AT 10ml

ICER LTz, o7 b Iml 22T & RBrE Iciy, =%
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HL[E %, 2ml O TBAIRIK ; 4% N7 2 VHREET U o A
D 20% EEEEFEEE (pH3.5), 0.8% Y7 F Lk Fu X
RV, 0.8% TV B — LR, AKER K A 8:30:1:30:11
DOFEETRA LTLWEE N Z T L BEpt%, KPT 1w
A o a— b L7, 1K, 100CD K7 A A TK
Jot%, VK CEIRFEE E THH L7z, 5001 DK
25ml Dn-7 X ) —: YT (15 D)IRIERENZ,
30 PRI L < 484114, 10 4318, 3000rpm Ci Lo L7z,
5547z BiF T 532nm OWOEAE A JIE L7z, MDA =i
TEP (1,1,3,3-tetracthoxypropane) % JN/K3fift L T b7z
MDA OFEAERSH (25nmol/ml) % FIVN TR L 72 # B
Xk,

4. BEOAIE

INGE AT 50g 12 250ml DA A AZHAIK AN A
T25CA ¥ aX—H—T 18 HIRIER, WKE LR
RIS o3 T 7o WK EEET LA A 228 #10K 250ml %0
%, 2047[8, 95°CTME%, 15 IR CHmAL, &
HEFRIRIC T T, BEOBMSHIEL, 77 AF v—-
7+ Z A4 ¥ — (Texture-Analyzer TA-XT2, Stable Micro
System Co., Ltd.) %V 7z, EAE 2mm OFHESEH 5
Z My, 30cm/min 7 B A~y Rl T, BAEREZIT-
7o 10RIOEE A L COEEERD T,

5. Hatart

BRIV = RO L, BPEBRAGRS (0 »
A) &AL T, B3 » A0 D AT 15 - A ORIC
4 DAV Dunnett O EHEJEZ LV REL, AE
KHEZ L < 0.1% & L7z, MDA B LR E, 7 ¢ F Uik
& S ORI O BIFRIZ 2V T Pearson AR HTIEIZ & 0
FFAT L 72,

HBREFUBE

1. FBRLEDERVEREZAV-EZOERK
SR A, B&MFCHR L72/hE, &RFEoOR G, B
BB OR SIS, BUOB ST ERT5 2 L2500
biviz (R2), £, BEOKRWITES Ch 5 =R
AT, BEOEWETHSM TH 2 IR B TR L
T/ B LR OEBREOBELIX, WTILHEIWZ &2V L
7=, ZoBI%IEED (Molina et al. 1976), 1 > 7 v~
A (Aguilera et al. 1985) B L= K7 (Liu et al. 1993;
*Sefa-Dedeh et al. 1979) (B W CEEROHRERH D, Lo
L, AEMEH LEENUSAORIEC, D XA E, F
DA CRTRE L7z B2 OB HOBREIIZIZEA L

WBE G 20T,

K 2. BIPESEMETO » H~ 156 7 AT L7o/hEB K OE R T2 WS B T O S

FHHEHOME (N/seed)

B Bt TR0~ A T3 7 A HTER6 A HT9 » A W12 A W15 A

T EEA 05 % 0.0 05 % 0.0 0.9 % 0.1* 11+ 01* 11 + 0.1*
B 05+ 05 0.7 + 0.1* 11+ 0.2* 27 + 0.1* 37 + 0.1*
(ERC 05 % 0.0 05 %+ 0.1 05+ 0.1 05 = 0.0 05 = 0.0
Rl 05 % 0.0
(D 05 % 0.0 0.6 + 0.1 05 % 0.0 05 = 0.1 05 = 0.1
o 05 % 0.0 05 % 0.1 05 % 0.1 05 + 0.1 05 % 0.0
— 05 % 0.0 05 % 0.1 05 % 0.1 05 + 0.1 05 * 0.0

oy EEA 13 £ 0.1 1.2 + 02 2.3 % 0.0* 23 * 0.0* 22 + 0.4*
o 1.2 £ 03 1.2 % 0.2 3.8 + 0.2* 39 + 0.2% 60 * 0.5*

- 1.2 = 0.1 11+ 01 1.2 + 0.0 11+ 00 11 + 01
fxmC 11 00
ISIRD 1.2 + 01 11+ 01 11+ 01 11+ 01 11 + 02
A E 11 % 00 1.2 £ 0.0 11+ 01 1.2 + 01 11+ 01
T 11+ 01 1101 1101 L1 £ 00 11 + 02
* P<0.1%
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MDA (X, HEWHLEIS K OB O L) D AT
ELTIASHH S4L TV % (Rendodn et al. 2014; Jin et al.
2013; Magsood et al. 2011), AFFFEIZH T, WT D
PR SRIFIZHB W TS 15 7 HRIFR L7/ & SR O
MDA EIXIFHRAIHIC R T ER LTz (K2), %
IZ, =R A, B TR L7/NE & SRFE O b O T
HEEL, Db DI~ R BIEWNZ EAVRE N, E T,
i A, B Ty L 72/ K UM 17.0> MDA i & 4% %
DELOMS & ORITIEDFBNENTRD Hiviz (£ 3),
Fang et al. (2014) %, MDA DR & BpjciR fE & o
MICIEDHBEDH 5 Z L mE LTS, £z, ¥A X
EMIRIFRT 2 &, MR 232 2 & (Parrish et
al. 1978) <R HAMHTR L 7=/ NS BARE OVRH A% < 72
5L (M5 1983) 13V UIFE CHEE SRS T
W5 MIEE O R EAR S K 0 IO Z Ak S, il
NN DEME I LS9 < 725 (Gill et al. 2010; Anjum
etal. 2012) Z &R ERWMEINTND, A, =i B,
IR D 38 X OWRAE F BPRIC L0 15 » ARIETE L 72/ e

ZAREEKTC 16h RIER, IR LI R I V& ®2HE L

120 -

= A ——=iRA

= 3

[}

b == =i B

o0

g 90 - ==K C
*

= d 4 {5HD

=] £

E *

m & * ¥ =R

< *

A

=

30 : : :
0 3 9 12 15

6
i (1)

JREBLOT 4 F U —

o 25, FEiR B SO L7/ NE B BT IR
WL, U T A 450mg/l, Vv R2myl, v 7 F T
L2l mgll, BT A 1 mgl B3RO Bz, LavL
IR D 4:F Tl L 72/ 5% BFE & RIS TP L 7o
DORERICE N5 I 7 VEEIE, 71U 74300 mg/l,
Vos13mgl, ~7 %7 A 18mg/l, BT A 99mg/
1 THY, BEERFOZNGHIE, VU UL, 290mg/
L Vo B3mgl, ~Z7 %274 18mgl, HATw L
10mg/l & W TN HEVMEEZ R LT, T72b5, ERB T
HTHE L 72/ N & B L7 A A IR L, RIR D &
OV E TR L7 FhUC e EEv a2 R Ls, 2
LOZ END, EHIHE, =R A, B Tk L/hEED
BTN, BRALEL 2501%, MR OIRERBRIIC
L DEOEN, S LI Lica F U BED ER ALY
F U DOREICERT 5 B2 bivd, IR C, DI
E RS E, F IR L 72/ B R OV IRE .00 MDA B 13T R
TloEN G R, EHR LTV,
PRSI 2 0 Bk L 72/ N E R OB R A T D& RWED
MTIEIEE A LB LR T272%, MDA i & il X
DOENZHBMEITFE O bl oz (3), T ORI,

L2L, ZThbo

120 4 «
= *  —o—ZERA
3 * -
:a === B
90 B
E o —fEiRC
E % e {EKIRD
g *
= 990 —— GUET
<
a
=
30

0 3 6 9 12

Wi (H)

15

X 2. BUFESMTO0r A~ 15 » ARTE L7=/NE (A) BLOEET (B) @ MDA BORIFZ( (P<0.1%)

£ 3. BTG T LI EO WA REMSBIOT ¢ FUoE LS & OB

FEBIAR %L (r)

2kt FHEIME SEIRA =B {KIEC {KIED HEE HUEER
/N MDA® x fll S 0.69* 0.84* 0.00 0.09 0.20 0.13
T4FUB X S 0.59 0.48 0.22 0.00 0.18 0.21
e MDA® x fii & 0.89* 0.89* 0.05 0.19 0.07 0.33
T4FUB X S 0.59 0.58 0.24 0.31 0.00 0.10
* P<0,01
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FWIITEIC £ 0 4 U RREORB I, Mo E
FTIKEEST, BHOEEICHERNLRWVATEEENE
b, BORPFHNICET 2B DL, A4
O HI1T & A EHBE L2V O s L,

FHRMEDIRTDOA I =ALD 1 5% LTIE, phytase—
phytate—pectin {i{ 7. 7% & % (Galiotou-Panayotou et al. 2008;
Phillips et al. 2003), Z#uiX, H25EMHICLVNEDT ¢
S —BIEMEIC LY 7 0 FUBB SR L, ST 2l
NFF PRI F O UMl T A LI, 7T
VORBAEDMEE SN TERHELS 785 ETHMTH D,
15 7 AMRR L7 N R ORI EEND 7 4 T
BRaEAZNELZE 2, WTFROREEIIZBNTYH
L7l (£4) Z2/RL7, ZOMELL, 4l
DEFESAFTIE T 4 2 —BIEED LRI L A LR S
NN ERHERIND, EPICEEND 7 4 F BRI
BURTBELREELTND ZERFILEEN IR EE
DIRNZ EXT ¢ F U RO EBIR L TN D00

RERE

LivZ2vy (Lottetal. 1984), F7-, Fredrikson etal. (2001)

T ROED T 4 F U BEOMKS R, IFEEE 37°C

/NS
BRUSSCITHA, 45C Ty L7257 D3I G3 i S e
TN EWELTWD, SRIOMKRIE, FHiLA, BIZ
K DETERSE, IRIE C, DI &L D UG 36 L OV E,
FIZ X DPSAEL, 7 4 F L BEONMIK 3 R il 732 1L
ETHEARNWI EERLTWDEONE Lt
TN DORERIT, T4 F rBEEEERBEDET & DR
IIEBEMERZRO RN L ZRLTWD (F3),

Lot

UEDzZ int, =A B (249C, 355%RH &
58.1%RH) T 15 » HHATE Lo/ Gk L@ G.o&
AMEDIK T ORIRNE, 7« F BRI EST 2 2 L
LB CIIRL, IREOBEBMES EICBR L TR E 2
T EMRE I LT,

#

ABFIE T U7 BPEMIT MR & P2k L Tz 72n

ToAR IR ERFEAEHR A EEREAICEH L E
D

# 4, B TO » A~ 15 » AT L72/ NEB L OERFEO 7 « F U b

7 4 FUERE (mglg)

Gy 6= s H7j0 2 A H7ji3 r A JT9 2 A Urig15, A
N ERIRA 6.3 £ 0.4 75 £ 0.5 7.1 = 0.1
=iEB 7.8 £ 0.2 7.7 £ 0.2 7.9 £ 0.1
{TiEC 6.1 = 0.3 8.0 £ 0.0 74 * 06 71 = 0.3
(5 84 % 0.1 8.0 = 0.3 78 £ 05
BER 74 % 0.2 7.6 *£ 0.2 7.3 = 0.3
BGET 75 % 0.1 6.9 = 0.3 7.3 £ 0.1
%E#E ..... E{EAQSiOS ......................... e s
#HB 10.6 = 0.2 109 = 0.2 10.8 + 0.4
[RIEC 10.5 = 0.2 9.4 = 04 10.3 = 0.6
{&iED 9.5 + 0.4 9.9 = 0.2 9.9 = 0.3 105 = 0.4
Bt 9.3 £ 0.3 10.6 = 0.1 104 * 04
BGER 10.9 = 0.4 9.8 = 0.3 10.1 + 0.5

26



IR LR 2RI T 2 2 S IC X 2 BERE T ICEE T 5K FI2o0nT

&

Aguilera J. M, Steinsapir A. 1985. Dry processes to retard
quality losses of beans (Phaseolus vulgaris) during storage.
Canadian Institute of Food Science and Technology Journal
18:72-78

Anjum N. A, Ahmad I, Mohmood I, Pacheco M, Duarte A.
C, Pereira E. 2012. Modulation of glutathione and its
related enzymes in plants’ responses to toxic metals and
metalloids—a review. Environmental and Experimental
Botany 75: 307-324

Bressani R. 1982. The food and nutritional significance of bean
hardening. Nutr. Archivos Latinoamericanos de Nutricion
32:308-325

Phillips R. D. et al. 2003. Utilization of cowpeas for human
food. Field Crops Research 82: 193-213

Fang W. J, Zhang Y, Chen Y, Sun J, Yi Y. 2014. TBARS
predictive models of pork sausages stored at different
temperatures. Meat Science 96: 1-4

Fredrikson M, Alminger M, Carlsson N, Sandberg A. 2001.
Phytate content and phytate degradation by endogenous
phytase in pea (Pisum sativum). Journal of the Science of
Food and Agriculture 81: 1139-1144

Galiotou Panayotou M, Kyriakidis N. B, Margaris 1. 2008.
Phytase—phytate—pectin hypothesis and quality of legumes
cooked in calcium solutions. Journal of the Science of
Food and Agriculture 88: 355-361

Gill S. S, Tuteja N. 2010. Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in crop
plants. Plant Physiology and Biochemistry 48: 909-930

S, AR, AR SR, NBIEZ . 2014, JTEOTIEOEN
DUNG, KRG, @REROBRICEEND X 3
B oWk SH Eio 7 F MBI KIE

SR BER PP ge s 35: 15-24

Hohlberg A, Aguilera J. M, Diaz R. 1991. Economic evaluation
of postharvest losses and utilization of hard to cook beans:

A case study in Chile. Ecology of food and nutrition 25:

BEBLOT 4 F

275-286

Jin G. F, Li C. H, Xiang Y, Zhang J. H, Ma M. H. 2013.
Antioxidant enzyme activities are affected by salt content
and temperature and influence muscle lipid oxidation
during dry-salted bacon processing. Food Chemistry 141:

2751-2756

Kosugi H, Kojima T, Kikugawa K. 1993. Characteristics of the
thiobarbituric acid reactivity of human urine as a possible
consequence of lipid peroxidation. Lipids 28: 337-343

Kosugi H, Kojima T, Kikugawa K. 1991. Characteristics of
the thiobarbituric acid reactivity of oxidized fats and oils.
Journal of the American Oil Chemists Society 68: 51-55

Latta M, & Eskin M. 1980. A simple and rapid colorimetric
method for phytate determination. Journal of Agricultural
and Food Chemistry 28: 1313-1315

Liu K, Bourne M.C. 1995. Cellular, biological, and
physicochemical basis for the hard-to-cook defect in
legume seeds. Food Science & Nutrition 35: 263-298

Liu K., Hung Y. C, Phillips, R. D. 1993. Mechanism of hard-
to-cook defect in cowpeas: verification via microstructure
examination. Food structure 12: 51-58

Lott J. N. A, Goodchild D. J, .Craig S. 1984. Studies of mineral
reserves in pea (Pisum sativum) cotyledons using Low-
water-content procedures. Aust F plant Physiol 11:459-469

Magsood S, Benjakul S. 2011. Effect of bleeding on lipid
oxidation and quality changes of Asian seabass (Lates
calcarifer) muscle during iced storage. Food Chemistry
124: 459-467

Molina M. R, Baten M. A, Gomez Brenes R. A, King K. W,
Bressani R. 1976. Heat treatment: a process to control the
development of the hard to cook phenomenon in black
beans (Phaseolus vulgaris). Journal of Food Science 41:
661-666

Parrish D. J, Leopold A. C. 1978. On the mechanism of aging in
soybean seeds. Plant Physiology 61: 365-368

Rendon MY, Salva T. J. G, Bragagnolo N. 2014. Impact of

chemical changes on the sensory characteristics of coffee

27



HE - S - AR R

beans during storage. Food Chemistry 147: 279-286

Sefa-Dedeh S, Stanley D. W, Voisey P. W. 1979. Effect of
storage time and conditions on the hard-to-cook defect in
cowpeas (Vigna unguiculata). Journal of Food Science 44:
790-795

HHY5 2, AHER, TREEIL. 1983, 7 X OWKIZS
W L RS 34: 775-781

EAE AR 2009, HATHNTRIUEKIC BT 56— F3A
T AR U KA S IR AT O BR S . AEifiEE B
IR RV F—AF 6: 15-21

Tuan Y. H, Phillips R. D. 1991. Effect of the hard-to-cook
defect and processing on protein and starch digestibility of

cowpeas. Cereal chemistry (USA) 68: 413-418

Abstract

Poorer cooking characteristics, protein denaturation,
and suppression of pectin solubilization have been reported
in adzuki beans and red kidney beans stored at 58.1% +
1.6% relative humidity (RH) or 35.5 + 17.1% RH and
temperatures of 24.9 + 0.1°C for 15 months (Wu et al. 2014).
In this study, we determined the levels of lipids and phytic
acids in stored beans and analyzed their correlation with a
reduction in cooking characteristics. Adzuki beans stored at
room temperatures A and B contained the lipid peroxidation
product malondialdehyde (MDA), at 81.9 nmol/g seed and
71.7 nmol/g seed, respectively; in kidney beans stored at
these temperatures, MDA levels were 115.9 nmol/g seed
and 111.4 nmol/g seed, respectively. MDA values were
significantly higher in beans stored at room temperature than
in beans stored at low temperature C (84.8% + 4.4% RH,
7.1°C £ 3.4°C), low temperature D (55.1% = 4.9% RH, 7.1°C
+ 3.4°C), frozen temperature E (-18.9 = 1.6°C, 41.3% +
5.9% RH), or frozen temperature F (-18.9 + 1.6°C, 51.5% =+
6.9% RH). A high positive correlation was observed between
hardness and MDA levels of cooked adzuki beans stored for

15 months (room temperature A: r = 0.69, room temperature
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B: r = 0.84); a similar correlation was observed in cooked
kidney beans stored for 15 months (room temperature A: r =
0.89, room temperature B: r = 0.89). Lower correlations were
found between storage conditions and protein denaturation,
suppression of pectin solubilization, and reduction in cooking
characteristics of adzuki and kidney beans. Furthermore,
almost no changes in phytic acid levels were observed in
beans stored under any conditions. Thus, the reduction in the
cooking characteristics of adzuki and kidney beans stored
at room temperatures A and B is probably caused by lipid

peroxidation.

Keywords: beans storage, hardness, phytic acid,

MDA, frozen soil





