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Reducing milking cow stress by increasing the number of times inexperienced milkers milk
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Abstract

The daily milk yield of cows milked by five
inexperienced (IM) milkers, who were milking cows for
the first time, decreased in comparison with the daily milk
yield of the same cows when milked by an experienced
milker. It is thought that milking by an IM increases strain
and stress on the cow. The IM takes longer to prepare for
milking, so it is thought that it causes higher residual milk,
which leads to lower milk yield. The heart rate of the cow
at the time of milking preparations was expressed in the
heart rate variability (HRV) compared to the resting period
before milking. As the number of milking times of the IM
increased, there was no consistent HRV pattern seen in all
five dairy cows. However, as the number of times IM milked
increased in the same milking facility, milking preparation
time decreased, and cows kicked and lifted their legs less and
the HRV decreased significantly (P<0.05) as well. When the
IM then milked at an unfamiliar milking facility there was
a tendency for the time of milking preparations to increase
and cows lifted their legs and kicked more, and the HRV of
the cows increased (P<0.05) significantly, which resulted
in a decrease in the daily milk yield. As the IM’s number
of milking times increases the time required for milking
preparations decreases, cows kick and lift their legs less, and

the HRV of cows decreases.

Keywords : Stress, milking experience, heart rate

variability, daily milk yield, milk cow, behavior.
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Trial cultivation of Chinese artichoke (Stachys sieboldii Miq.) in Tokachi region
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Abstract

Yieldability of Lamiaceae tuber crop, Chinese artichoke
(Stachys sieboldii), in Tokachi region was evaluated. Four
experimental plots were set up at the experimental field of
Obihiro University of Agriculture and Veterinary Medicine;
‘control plot” where conventional cultivation was performed,
‘barley plot’ and ‘vetch plot” where barley or hairy vetch
was grown as a companion living mulch, respectively, and
‘plastic-mulch plot” where the soil was covered with plastic
mulch. In 31-May 2012, seedlings of Chinese artichoke
were transplanted to respective plots, and the tuber yields
was compared among plots at the harvest time. Competition
against weeds often becomes problematic in the cultivation of
Chinese artichoke due to the absence of approved herbicide.
In the control plot, barley plot and vetch plot, weeds hindered
the growth of Chinese artichoke seriously, indicating that
the weed control by living mulch was not effective for the
Chinese artichoke cultivation carried out from the late May.
While, in plastic-mulch plot, weed invasion was effectively
controlled and Chinese artichoke grew vigorously. Tuber
yield in the control plot was 459.2+131.8g/m?, a comparable

amount in the conventional cultivation at other prefectures,

14

300 — 600g/m*. Lower yields have been recorded at the barley
plot and the vetch plot probably on account of the severe
competition against both weeds and companion mulch-crops.
While, tuber yield at the plastic-mulch plot was 1175.1+317.0
g/m’ rather higher than that in the control plot. Advantage
of weed control and retention of soil temperature by plastic
mulch effectively improved growth and yield of Chinese
artichoke at this plot. This study shows the expectation for
the production of Chinese artichoke in Tokachi region and
also indicates the efficacy of plastic mulch for high yielding.
Keywords : Chinese artichoke, cover crop, mulch, tuber

yield
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Effects of difference in storage methods on the pectin composition and free sulthydryl group of protein of

adzuki beans, soybeans, kidney beans and buckwheat

Shan WU'2, Shuo FENG!2, Kdji ARITOMI', Michiyuki KOJIMA!
=
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B A FRTEE (NCE; temp. : 7.1 £ 3.4°C ; relative

humidity (RH) : 84.8 = 4.4%, #HiAESEEFALICHE)



WFETEDEWR/NG, KE, SRR OERICHEEND Z /37 B OWEHE SH R~ F UM R F T2

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,
WARITNE, AT L RTAC 830mm X 417mm, JE X 0. 4mm
(PB, 4 7, JR4SH & 280g) O H ARAGRMRLEE Y,
RIS O TSR & 1T 7,

3. AU EhDibEE SHEEDBIE

&R ORI 2 BIEH R OFREIILL T D X
AT 0T, Thebbh, Bk LIs B R 408 12 2 1%
WO - A~FH B MATEREL (FEE 1 5M), =ET
30 4y [ kiE %, 5°C, 3300rpm, 15 47 [H5E 047 EfE (CRSB,
AN TH) LT REDOATIUEEBRO, RO #RIE
% 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

17

acid), [RM-RLFEWFFEAT) 2002 CiRAl L C 2 ki,
412nm OWE YA 2 HE LTz, HEUEYE & L C L-Cysteine
(B b= #Huvie,

4 ROFUEDAE

(1) AHOFINE - BRAMETILI—ILRBEER
W (AIS) DFRE
BEASTHR LT - BEL VX7 F oMtz
1ol (BARMBIETLYS B - fiorisEmEZLER
2 1996), TR L, ML EKBRIC naky
L= AZ =R 2:1) #3fFEMARELT, R
A 3%, TARL—Z—ICEVIRGI LS
B SE TRBM R A Lz, R UEAMAT T A3
‘& (TST-SCR16-100, 15 X 100mm, fEF 2 / 75 Z) |T
lg FEEL, Sml @ 0.08M U v/ Ny ~7 7 — (pH 7.0) %
Mz, 20 BREREH, 121CT 20 /34— b7 L—74
U7z, ROSRIZEEICE L7212 2.5m1 @ 0.08M U >
fe X 7 7 — VMR Lo BESRTAIR 160U @ -7 X T —F
(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,
3000rpm TiE L L7z, 20 BiEEZT T —va v
ThrER, LB 80% =% / —/L bml &% TIRAT,
20 47, 3000rpm Tt Lasy HERRIEZ 2 [\l 0 A L TR
WEYEE LTs, B OWEMIZT & h o osnl 2T
Ve EE 3RV IR L, Ao itEmiT=RT1 A
i S CT N a— VAREHEEY (AIS) 215872,

(2) KisERYF o WSP),
RO F v (PSP) RUEEEFIEMENRY F 2 (HSP)

AFY A S SBTEE
L

i
SH]

LEE

Bl L7 AIS #F o — 72 L, /K 30ml Zh1% Tl
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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
bml A TEHIZ 2 miHZ#R VIR LIz, ZO#HMET
Bohl EEITEDTPSP & Lz, £, TOEEIC
0. 05N i 10ml AN % THIEREE, 110°C, 20 4rfA4— k
7 L—T LTtk mUsrE L TR b ETEIZHSP & L
77

BoNieErx DT F AL, 3, -V AFNLTx ) —
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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FCRMbEN, FFA— LA E S LTS F4—
MR 72 D72, SH BEDA T F v /37 B Ok
b - BVEOEITREZ T HDLEZBATVWD (FH
2011, A, WTFNORFERIFIZB N TS, BERT
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

High temperature and high humidity

Oxygen

T

Enzymatic and non-

Phytate
breakdown

Free radical
formation

enzymatic reactions
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| Acid formation

|/| Lipid peroxidation |

Protein denaturation |

\ Cell membrane

PROTEIN

shift of ion-colloid
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Cook —><= Soak ><— Storage ——>

| The hard-to-cook defect in legume seeds |

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
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Effect of storage in frozen soil condition on the color difference of seed coat of adzuki beans, soybean, red kidney

beans and its consequence to adzuki smooth bean paste
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MOEZIZHA L TR T L7223, KREBLOEREOZNLITIFENR O R SI2Hfl LT EF L
720 15 4 AR L7/ Na O AO AT 1.95 (4 B R02.02 (BEE), HLEFIH
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HER DR S AT LO BB ER THLKES
X, REROBC L —ZRFFL TN, EAMORE
ZARIR & BT EImE AR T 5 2 N TE D 2 L b,
IR & D RFEMIRAZITEN T2 2 & TREPMRE S
NHZ ENMHLNTNS (BEIES 1998), T4, HIBKIR
Al RIEH R mOMETH Y, B A TIE 2009 44 F
TIT 1990 4L 6% DIRFEN R AT A K B2 81 TR =
BHIRH AHNIZE Y #A T E 72 (E 2@ AEE B s
& 2010), EOHT, EEOFRKBET L X —OTEH
MR 1A 2 BB & 0, 2010 4FIZI3H 140 fipkE &
DHFET D EMESNTND, IFETOFEFIHRHZ
< 65 (BT C, TKMETRIT= R X —DHEifIC D,
1 R AIE 0L OISO’ Y, TRLRFEIX
#9 30kg DN D723 % EWE SN TV D (RFHEE
BALMHER B ERER 2010 5 2011), dLEOBHKAETH
DK EFIH UIZITRR Y AT 2%, COp DI &K = 2
MEIC X D IRR G A IROITHE & LT, kxR REY
OamE R REFT DM L LTI ENTWD, L,
BHARHEAT R VX — 2RI U7 sk (TR ] e 72
TEMIZBET ahE, K, Y x VA R EDOBHFFIR
E SN b OB KERSy (Ffs 1985 ; B4R S 1994) T
TR AE R L 2B S BT 2 MEhasa ST
TRV, GIEFE 7 OFE R 3B R B A 52 5
HFDO—>ThY, HEREICHLEELEZ D, 77D,
IR TR CHTE L7/ N B A G < 72 D (Yousif
etal. 2003), PSLEOI FARBEHSNTNE, T8
BT DR AL E R D— D DIE & H 7 ST
W, DRI WIS D 2L ERESITTE RS
TN DT, TN Bl L 7=fE 1R 23 IR &
NoHRMUCH D (Hughes and Sandsted. 1975),

ARFZRIL, LHREOREWEEY T B/hE, Ku
A IRF L% BRI Bk U 72 RO TR B . D 223 b ds JL Ok
LI/ NENLRB L Z LEOBA~DEBIZ OV THS
MCTHZLEAME LTHERL,
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RERTE

1. EBRMHE L UITEER - QERE

KA EHIERK 21 FAEEE EEO/NT [ E 3
U R, KE HEERMIE BLOeRE [ KIESK)
AL, /hE, KRG, @O, T2l
LA (AR B IC R E), RIRATEE (4
TR FERFITERIE) 3 JOVHRATIERE  (HF IR & E RS
ISR NIZERTE) TIT o 7o, LRI PRI L4 DM
RICEDE— b THMAT D Z LI &Y REREN O
REAIRSRFFT 2B THL (1 2009), F7o, =
TRETHE S 25°CIEIRMY (MIR-152, —PEwEHE) AMHL,
WA HRE LT D —20°C ¥y iiEE (MDF-536, =i¥:HEi%)
PR LT, £2Todr 7 VEiROEERETHH A
AR B RIARS (K& & 830mm X 417mm, & X 0. 4mm, 2~
77 M) B IOKRIWERASHRORE E 270mm X
280mm, JE X 0.07mm DR Y =F L MY v = TH
DEEKIC AN TR L, St OME R 20kg, #ISE
20kg/ 4%, FEEMRA lkg/ 48 L Ui, HpmHIIL P Ak 22
E3A~FRL23FESAETO 1572 AR, 04 H, 67
ABERO15 » AMNCEEE 2kg, 7 2 & LTEHELL TR
HGLERG, 3rFhbRB 2RI L TOWEIT 272,
W7E O AL 15 [81C L7z,

2. ZLEEDRR

/N 50g |2 250ml DA A AR AN AT 25°C DA
¥ o2 N—Z —T I8 R HlIRER, Y TO & RIERIZ
iz, WK EAZ 250ml DFF LA A Ak & N2 C 95
— 100°CIZ Wbl L CTH D 20 3B A el ) 7o, k& 1k
7o, IR TI15 SMMAIL, PO TH BRI,
HE A 0.5mm OFfi L TOR LN LMK Z DM LTZ, &
VT LTI T-IE IL OK T3 MRV IR LY, =6
&S LTS TZ LEEMAR L,

3. BRBEDIE
R OOREICIE, fM+%290m 0K =F Ll

Uy — WZERO TRIE S 2 BRHEA TITV, BHOMIEICI,



RIS NG, KA, @RFEORE, BI0EOIB/NE» ORI L2 2 RO EFEAEIC RIT T8

35mm @ AR Y =F LM v — LZEED THRIE L, A%
ta75E (MINOLTA CR-200, Japan) % T L* i (BRE),
a* fif GIRBRED), b* fE (FHORE) ZWEL, CH il (BE),
A B fl ((078) B O (BARAR) 134 (1) ~ (3)
FOEML, FLALMEITZE6 » HBLONI5 » HO LY A
CHTHBR RS (0 7 ) DL EL O, A a*fHI36
AEB L5 7 A0 a* i & BrEBRAARE (0 - ) @ a* fE
LD, AP EIZ6 » ABKO15 » A D b* i & 7
BALAEE (0 » H) Ob*fHE DZEEFKT (Color Science
Association of Japan. 1989),

(1) C* = (a*24b*2)1/2

(2) AEf, = [(ALH2+(Aa%)2+(AD*)2]1/2

(3) H° = tanl(b*/a*) (1807 1)

4. fREtinig

FERITEAE + BEREA TR L, APRBRLARE (0 4
H) Z#RMEC U TR 6 - A3 L UM 16 7 A OfiEi
Dunnett DL EILBIEIZ LV #E LT, AEAKER 1% &
L7,

RBERBIVERE

1. ZEXFAFENINE, KE, EHEOEROEBEE
EICRIFTEE

WA TR, SRR, ERFEICEY 62 AP
FOV15 » AR L7/ N OFER O L* i3 L OV CHE
1X, BT O R S L TR 2 IR T B 1A 2R
Do, FRCEIREK LSS, 07 AD LR X
O CHEIZ I~ 15 2 A RIITIER L 72 2 40 OB A BICIK
TLTWE (FD, ZofRIE, Hils X oE<E
TR BT CRPR L 72/ N Tl SRR & 3E—& L
7o CONEE 2000), F7z, REMEZAIZOWVWTIE, WT
DIFIEEIFICE N TS, BPRICE Y LAE L CF D L5
TLHEMICH Y, ZOMMITEIRTIR OGS TR B
ROz, FRCERITH L2%E, 0 AO LM Ek X
O CHEICEE~ 16 7 AT L7z 2 b oI A EIC
LTz (1), @RFGOMEAIE, 07 0L HE
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B RO CHEICH AT 16 4 H Bl L7240 5 OfEIT
THOITESEFIZB N T, R BRI 2 RS
i, B EO LANBEETH -7 (D), Loz
EMD, NI AITATIRIC Z 0 L i LU C EAME
TH20Icx L, KERLEMTORME M Ll Lo c
EiX EAT2MACH D Z RS, XMEBEID
CH E~ DB B b P S L7z 013 HF AT O %5
R TH o7, FRP ORISR S IRFIT IR
B, MEBIUETHDLZ ENHESIN TS (Hughes
and Sandsted

1975 ; Nordstorm and Sistrunk. 1977 ;

Nozzolillo and De Bezada. 1984 ; Park and Maga,
1999), F7z, I L7z Y 7~ AR EAOEIIRY 7 =
J—IACEOEAL L BREDH D Z EBNRE SN TEY
(Nasar-Abbas efal. 2009), HEERMRIETHD A A 7 —
REG bR AT BT HAREEDH 5 2 L3 lE Sh
Tw% (Edmister eral. 1990),

R D&M TR LI/NE, KE, GROOmKE
DFE (A Br) 2K 1SR Lz, BFBILARE (0
H) OFEEE 67 HB X5 » AP L& G0k
Bt O OEELZFRICEVRDIE 25, BEET
15 7 A R TR U 7o/ NG R RZ O751% 0. 95 A7
L, MBUTH L 72/ NG D24 (0.93) LIZIERERTH - 72,
7o, MIT 15 - A BRI RTE L7/ N E oAz
1.48 &R L7z, 15 4 H MR L 7o/ NG O Z D
BT 1.95 (M4S) BXLOv2.02 (FEEEE) ZRL, [
[BF:557- 2 G RN G P S I MOND w3155 AN VANEK V53
DEFEENTEVWVECTH T2, ZNHDZ b, #
A MW CH LA S 5 &, NEORE R GADZEH)
307, FREAEBOMBEINARETH L Z Enb, MK
XD LEEEOLMEMT, BIEATE LY bl EAA
IO RENTWD EEX 5,

IR Lo REE RO EEE, WINOITESIEICR
WT, IR ORE SITHEI L TEER A3 S
DRDO BNz, Fo, ML GEERTHMLIZKE
DS NEEBACIT/ NS o T2, WERETE L7 KGR O
BFEZAKIE 0. 79 (6 - A RHETED 225 2.01 (15 » A #7E)
~, AR IR L7225 0,68 (6 4 A RIETHD 25
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F1. AT L7/ E

RE, GREORMEZOHE (L), RKE (a%), HHE (b*),

INIEEZ

FE (C*) %&b

AR RO TR BB (1L*) TREREE (a*) THIREE (b*) FE(C*)
NG
07 H 39.22 + 0.57 12.28 + 0.71 6.64 + 0.31 13.97 + 0.63
B 67 H 7 ORI 38.83 + 0.51 11.71 + 0.76 6.23 + 0.24 13.27 + 0.66
) P B 38.72 + 0.56 11.85 + 1.00 6.35 + 0.32 13.45 + 0.89
R 38.13 £ 0.74* 11.67 + 0.63 6.26 + 0.52 13.24 + 0.71
157 A AR 38.54 + 0.51 11.85 = 0.75 6.17 + 0.42 13.36 + 0.69
) FH i 38.46 + 0.82 11.86 + 0.91 6.26 + 0.38 13.41 + 0.96
eIl 37.85 + 0.93* 11.06 + 0.55* 5.80 + 0.52* 12.50 + 0.66 *
Ei1en AR 38.55 + 0.80 11.84 + 0.85 6.35 + 0.43 13.45 + 0.77
67 H ) PR B 38.60 + 0.55 11.74 + 0.98 6.41 + 0.40 13.39 + 0.95
IR 38.27 + 0.73* 11.67 + 0.95 6.17 + 0.61 13.20 + 1.09
BT 38.51 + 0.87 11.81 + 1.14 6.20 + 0.37 13.36 + 0.93
155 H ) PR B 38.46 + 0.53 11.08 + 1.34* 6.26 + 0.73 12.74 + 1.37%
SRR 38.44 + 1.33 10.86 + 0.89* 5.55 + 0.53% 12.21 + 0.94%
RE
07 H 55.06 + 1.91 0.28 + 1.05 15.77 + 0.80 15.80 + 0.81
RS 647 H BT 55.82 + 1.39 0.27 + 1.37 15.97 + 0.66 16.03 + 0.67
) P B 55.69 + 1.40 0.45 + 0.91 15.95 + 1.05 15.98 + 1.03
SIS 55.70 + 1.21 1.19 + 1.34 17.09 + 1.26* 17.18 + 1.21%
154 H PRl 56.43 + 1.67 -0.39 + 1.25 16.81 + 1.02 16.86 + 1.03
) FH i 56.52 + 1.30 -0.18 + 1.54 16.77 + 1.17 16.84 + 1.17
EXI5y 57.12 + 0.94* 1.31 + 1.13 17.31 + 1.26* 17.40 + 1.20%
g 6 H TR 55.24 + 1.40 -0.75 + 0.86 16.16 + 1.04 16.20 + 1.04
) P B 55.88 + 1.57 -0.55 + 1.54 16.33 + 0.99 16.41 + 1.00
EtiTLS 56.57 + 1.39 0.19 + 1.19 17.15 + 0.77% 17.19 + 0.77*
157 H 7 T R 56.66 + 1.50 -0.40 + 0.98 16.77 + 1.02 16.80 + 1.01
) B 56.55 + 1.08 -0.26 + 0.82 17.03 + 1.11% 17.05 + 1.10
IR 58.22 + 1.32* 0.76 + 1.15 18.21 + 0.95% 18.26 = 0.95*
FoLigs
07 H 34.73 + 1.06 7.71 + 1.04 1.42 + 0.40 7.86+ 1.02
EEH 67 H 7 DR 35.30 + 0.92 9.24 + 0.50 1.50 + 0.21 8.51 + 1.04
) FH e 34.43 + 0.87 9.73 + 0.91* 1.56 + 0.25 9.10 + 0.77*
IR 35.92 + 1.21 9.87 + 0.79* 1.82 + 0.31 9.66 + 0.51%
157 H OB 37.28 + 0.99* 10.93 + 1.12* 2.09 + 0.26 10.36 + 1.15*
) FH i 37.27 + 0.91* 10.71 + 1.02* 2.11 + 0.32* 10.45 + 0.73%
LT 37.41 + 0.78% 10.85 + 0.66 * 2.53 + 0.45% 11.48 + 0.88*
MR 67 1 7 BRI 34.87 + 1.43 8.43 + 1.04* 1.12 + 0.41 9.36 + 0.51*
) FH i 34.28 + 1.02 8.99 + 0.72* 1.39 + 0.44 9.86 + 0.94%
EXii 35.05 + 1.18 9.52 + 0.49* 1.63 + 0.26 10.04 + 0.82%
157 H T R 36.25 + 1.54% 10.21 + 1.12% 1.75 + 0.34* 11.13 + 1.13*
) P B 37.01 + 1.15% 10.25 + 0.71* 2.03 + 0.24% 10.92 + 1.04%
IR TR 37.31 + 1.35% 11.14 + 0.84* 2.76 + 0.49* 11.14 + 0.74%
* P<0.01

2.03 (15 » AWFHE) 12 B&- Uiz, sIRIFR Lo KEH
GO 1.73 (6 + A 75 4.02 (15 » H Ry
2R L, (A CRYEIIM,  oRHTReRom ) TR L 72
DIELY bEWMETH -7z, ZNHDI END, BER
ZHAOCTH RIS 2 &, BRPELZHE X0 b
REFELADOIAR G S D Z & ARSI,

15 7 A AR TR L 7o &R T O Ao A
BRI ARG L 72 4 5L 00 2 i
3. 46, FEIRITHR L7 BRF T O T 4. 49 2R Lz, F7z,
BHETH R AT L SR E o fEE, K

X294 %R L,

15 7 H 8%
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W L2 OEL Y b/ SWEZ R LT, Zhb
DOFERIL, FERE MO TR EMAITERT 5 &, =T
U e TR L O AIERIHI TE 5 Z L 2R L
W5,

2. REFARELIZ/NEND
EICRITTEHE

AL LEBEOBREE

BEIRIC AN/ T & 16 4 A A R, =0
Wrjeds Z OB BRI L7 /hE 2 InW T2 LEsa i L,

ZO LY af, bPEEZNE L, ZO/RR, ThooZ L



RIS NG, KA, @RFEORE, BI0EOIB/NE» ORI L2 2 RO EFEAEIC RIT T8

fED LY, a*, b* B LU CHEITATRE OB LY A
BACRAe 2 Z EAURENTZ, WTORM TR L 72/

ISR/

R L2 LEEO LMEDS, IR oR SICHE

WK L7z (32 2), RIS, ST L7/ a6 il

L7222 LAROD LF EIXBEF IR T L=, Kato etal (1999)

AE*,

AE*,

1% 30°C TR L7/ E D B I L= fF 0 L* fllX 10°CT
HPE L7/ N En bR Lo L E LY RN L %
WL TS, BESTERIRITER L72/NEO Z LEFO CF
I EHT DA R LIz, LIS HIE TR L
TANENSRB L Z LERO CHEE, BTRIC K VKT

2T LI/ NEN OB L2 Z LD (L*), #RKRE (a%), BUIE (b%), BE (C¥), GMAE (H°) oZifk

BRI Stk B EE (%) TRUKEE (a*) TR (b*) FEE(C*) AR A BE(HC)
07 H 60.66 + 0.29 2.70 + 0.22 5.59 + 0.22 6.21 + 0.17 64.23 + 2.28
67 H 3 TR 57.91 = 0.63* 2.79 + 0.23 4.28 + 0.28* 5.11 + 0.24* 56.87 + 2.93*
R R 58.06 = 0.48* 3.02 + 0.36* 4.58 + 0.24* 5.49 + 0.34* 56.71 + 2.82*
IR 56.89 + 0.64* 2.80 + 0.18 5.70 + 0.21 6.35 + 0.18 63.84 + 1.84
157 H ST 57.60 = 0.26* 3.37 + 0.26* 4.14 + 0.34* 5.34 + 0.29* 50.77 + 3.22*
R R 56.51 = 0.41* 3.50 + 0.19* 4.67 + 0.18* 5.84 + 0.15* 53.13 + 2.07*
iR 53.74 = 0.97* 1.80 + 0.21% 6.60 + 0.22* 6.84 + 0.22* 74.73 + 1.72*
MR EAE
67 H TR 57.44 + 0.47* 3.19 + 0.10* 4.73 £ 0.12* 5.70 + 0.13* 56.00 + 0.98*
R R 56.93 = 0.47* 3.20 + 0.09* 4.50 + 0.13* 5.52 + 0.11* 54.56 + 1.08*
bl 56.64 = 0.67* 3.37 + 0.27* 4.54 + 0.27* 5.66 + 0.23* 53.42 + 2.86*
154 H TR 53.48 + 0.42* 3.22 + 0.14* 3.02 + 0.24* 4.42 + 0.20* 43.05 + 2.41*
R R 53.73 = 0.53* 3.49 + 0.33* 3.55 + 0.25* 4.99 + 0.21* 45.51 + 4.03*
EIR AT 53.38 = 0.36* 3.66 + 0.15* 3.88 + 0.23* 5.34 + 0.20* 46.66 + 2.01°*
* P<0.01
H° = tan'(b*/a*)(180 1)
A C
B 8
7 7
B 6
5 -I 2 6
1 " ' 1
3 . . M (154 1) % 3 #1562 1)
2 w148 (164 A7) 2 #wEE (164 1)
1 #EYe (B ) 1 #E4% (64 A)
0 #wEE (64 A) 0 w2 (64 A)
AU WERM SR AT MCEFRIN sl
i 5"
B D
8 8
7 T
[ 6
5 2 B
4 L]
3 48 (154 1) 3 3 B& (657 A)
wES (154 1) 2 HEE (164 1)
. LS (64 A)
1 #iE 64 H) 1 v
= w2is (64 1) 0 FE (64 A)

TR olEFIA SRR
frik

FTORTRE HFRIAT LR
iy
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Abstract

The purpose of this study was to evaluate the effect on
the color difference of seed coat of adzuki beans, soybean,

red kidney beans and smooth bean paste made from stored
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adzuki beans under a frozen soil storehouse (7.1 +3.4°C), a
freezer (-18.9 £ 3.4°C) and a thermostatic oven (24.9 + 0.1°C)
for 6 months and 15 months. Under any storage condition
of this study, the brightness (L* value) and colorfulness (C*
value) of seed coat of adzuki beans packed in paper bags
and sealed polyethylene bags decreased during 15 months,
but these values of soybean and red kidney beans increased
during storage periods. After 15 months, the color difference
of seed coat of adzuki beans stored under the thermostatic
oven, frozen soil and freezer storage condition were 1.95
(paper bag) and 2.02 (sealed polyethylene bag), 1.48 (paper
bag) and 0.95 (sealed polyethylene bag), 0.96 (paper bag)
and 0.93 (sealed polyethylene bag), respectively. About
the smooth bean paste made from stored adzuki beans, the
brightness (L* value) and colorfulness (C* value) decreased
under the frozen soil storage condition, and these decrease
were the same as the changes of L* and C* values of seed
coat of adzuki beans. The color difference of adzuki smooth
bean paste stored under the thermostatic oven, frozen soil
and freezer storage condition were 7.54 (paper bag) and
7.05 (sealed polyethylene bag), 7.27 (paper bag) and 4.33
(sealed polyethylene bag), 7.65 (paper bag) and 3.46 (sealed
polyethylene bag) after 15 months, respectively. Based on
these results, beans stored under sealed polyethylene bag and
frozen soil storage condition could control the increase of
color difference for seed coat and smooth bean paste made
from storage adzuki beans.

Keywords: frozen soil, beans, smooth bean paste, color

difference, hue angle
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Abstract

Among the nontraditional teaching environments and methods available to improving tertiary
education, collaborative learning (CL) seems to have much potential. This paper looks at the research on
CL and how it might be able to address education issues such as changing student demographics and the
rapid rise in information. In addition, a description and the many significant advantages of employing
CL - including a deeper understanding of content, increased overall achievement in grades, improved
self-esteem, and higher student motivation - are delineated along with some key elements of CL to help
persuade that the method be utilized to its fullest potential. It is recommended that higher education

programs that do not currently incorporate CL take consideration.
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Introduction

This paper looks at the topic of exploiting the potential
for tertiary education beyond the traditional classroom and
ways this can be successfully accomplished. For some
people, when considering nontraditional education, the
concept of collaborative learning (CL) may come to mind.
Others might think of problem-based learning (PBL) or
case-based learning (CBL), which is an instructional design
model variant of project-oriented learning. Still others might
consider links or partnerships with informal (non-classroom)
institutions as an important source of nontraditional
education. There are other concepts and methodologies, but
for the scope of this presentation, the potential of CL will be

focused on and explored a bit more in depth.

Problems facing tertiary education

Klemm (Klemm WR, 1994) mentions in his paper on
CL that “too many faculty members in Colleges of \eterinary
Medicine are not really able to distinguish between lecturing
and teaching. Too often the college classroom is a place
where students are bombarded with facts from the podium
that they frantically try to copy down in their notes” — the
traditional approach. Schmier (Schmier L, 1993) reinforces
this problem as follows: "Most people think that anyone
can teach. All you have to do is stand at the head of the
classroom, throw out crumbs of information in an automated
lecture, and the students will eagerly peck away and nourish
their minds. 1 call that schooling, not education; lecturing,

not teaching.”

Klemm (Klemm WR, 1994), in his timeless paper, cites
Schmier in saying that college teaching must change. "We
are in a different age. It's hard to believe that less than thirty
years ago only 14% of the graduating population went to

college. That means that most students who are in our classes
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today would not have been there a quarter of a century ago.
And so, what do we do about it? Well, | think we have
several choices. We can ignore who is in the class and go
on as usual as if nothing had happened, blame all the ills of
declining quality of the student on the student, and wash our
hands of the results. Or we can ‘water-down’ our courses,
lower our standards, contribute to grade inflation, and dilute
the importance of the college degree. Or we can rise to the
challenge and develop new approaches in our classrooms
that allow us to maintain high standards while helping the
student to rise to the occasion. If that student does not have
the necessary tools and techniques at his/her disposal, it is
our responsibility to help him/her get them and learn how to
use them. We waste time bemoaning what they did not get in

high school.

Klemm goes on to say that veterinary medical educators
may challenge Schmier's concern over a changing student
body, given that veterinary schools typically get the better
students. But do the better students of today have the
same capabilities and work ethic as those of 30 years ago?
Whatever your position is on this question, it is a moot point,
compared to the larger reality in veterinary medical education
that the changing student body is compounded by the near-
exponential rise in scientific and clinical information. In
the sciences, where information is doubling about every 5
years and medical knowledge every 7 years (Schmier L,
1993; Nunberg G, 2009), there is corresponding pressure to
continue to "cover the material” as in the past. Since curricula
do not provide extra time corresponding to the doubling rate
of information, faculty seem compelled to get the material
"covered" by talking faster, giving handouts of material not
covered in class, and requiring more outside reading. We
faculty members are at the point where we cannot keep up
this approach. Something has to give. What must give is the
belief that everything has to be covered. Students need to

learn basic concepts, not every detail. Moreover, they need



Collaborative learning in tertiary education

to know how to use these concepts outside the classroom
to learn to manage information, solve problems, and make

informed decisions.

How can we break out of the stereotypical mode and
ensure students are getting the best educational experience,
especially with the changing student dynamics and rapid rise
in important information that needs to be incorporated into

the curricula?

Veterinary medical educators, along with tertiary
educators of other disciplines (insertion by author), have no
choice but to find more effective teaching strategies than the
traditional lecture. The question is not whether, but when.
Teaching methods should require students to exercise their
intellectual abilities, not just their memories. But, this will
not happen until teachers revise their notions of "covering” a

course.

The case for collaborative learning

Several veterinary schools have made major efforts to
reform their curricula along the lines of problem- or case-
based learning, where a clinical case is the focus of learning
(Klemm WR, 1994). Case-based learning, done properly,
makes teaching student centered instead of teacher centered.
It stresses learning how to learn and how to manage
information rather than merely memorizing facts (Doherty

ML and Jones BR, 2006).

Popular as case- or problem-based learning is with some
educators, however, its principal advantages are embedded
in the larger context of "collaborative or cooperative” small-
group learning (CL). CL may include case-based learning,
but it is possible to use CL paradigms that are not case
based (Lane EA, 2008). Case-based learning is not always

a welcome teaching tool to basic science teachers, who

57

(with some justification) fear that clinical material can come
to dominate the instruction early on in the curriculum - at
the expense of proper education in the relevant academic
disciplines. The CL paradigm addresses this concern of
basic science teachers and also the larger and more important
concerns expressed earlier. CL is a good approach for
veterinary schools and tertiary education in general (insertion
by author), even if a school does not make the curricular leap
all the way to case-based instruction (Khairiyah MY et al,

2012).

Definition of collaborative learning

terminology

What exactly is collaborative learning (CL)? Although
there is a lack of consensus on a definition of the term,
Wikipedia defines it as a situation in which two or more
people learn or attempt to learn something together (Klemm
WR, 1994). Unlike individual learning that can be quite
competitive, people engaged in collaborative learning
capitalize on one another’s resources and skills, asking
one another for information, evaluating one another’s
ideas, monitoring one another’s work, etc. (Wikipedia’s
“Collaboration definition”). Laal (Laal M and Laal M, 2012)
describes collaborative learning (CL) as an educational
approach to teaching and learning that involves groups of
learners working together to solve a problem, complete a
task, or create a product. The term CL refers to an instruction
method in which learners at various performance levels work
together in small groups toward a common goal (Johnson

DW and Johnson RT, 1981).

Description of collaborative learning

concept

CL is much more than simply having students work in

groups. Professors who try group work without building in
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the primary elements of cooperative learning usually have
experiences that range somewhere between disappointment

and catastrophe (Laal M and Laal M, 2012).

Now, in order to create an environment in which CL can
take place, three things are necessary. First, students need
to feel safe, but also challenged. Second, groups need to be
small enough that everyone can contribute. Third, the task
students work together on must be clearly defined (Concept

to classroom, 2004).

Also, CL small groups provide a place where:

« learners actively participate

e teachers become learners at times, and learners
sometimes teach;

* respect is given to every member;

* projects and questions interest and challenge students;
e diversity is celebrated, and all contributions are
valued;

« students learn skills for resolving conflicts when they
arise;

emembers draw upon their past experience and
knowledge;

« goals are clearly identified and used as a guide;

e research tools such as Internet access are made
available;

« students are invested in their own learning.

Cooperative (or collaborative) learning -

the 5 basic elements

1. Positive interdependence — The task must be
structured so that members of the group “sink or swim
together”; one member cannot succeed at the expense of
others.

2. Face to face or promotive interaction — This exists

when students assist and support one another’s efforts to
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learn. This occurs as students actively teach one another to
solve problems and understand concepts.

3. Individual accountability/personal responsibility —
This prevents a member from getting a free ride on the work
of others and prevents low quality of work being accepted
from an individual by peers in the group.

4. Collaborative or social skills — Groups improve as
members learn to contribute positively, acquire trust and
manage conflict. These skills are not innate; they must be
learned by the teacher and taught to the students.

5. Group processing or self-evaluation — Processing
time is usually the most neglected aspect of classroom
teaching. In an effort to “cover the material” we forget
that our objective is students’ learning, not just presenting
material. Processing is essential to insure understanding.
Talented students often have learned to do this effectively
on their own; average students can be taught to be more
effective. If questions such as, “What was the central
underlying concept of today’s class?” or, “What is the step-
by-step procedure through which we applied this concept to
arrive at a successful solution?” are reviewed by the group as
well as the aspects of how restating the concept or altering the
process might lead to improved understanding, then students
leave the class with more comprehension of the material than
they would have without processing (Concept to classroom,

2004; Humbolt State University, 2009).

Facilitating collaborative learning

When facilitating CL, Clifford (Clifford M, 2012) lists
in her article 20 things you need to remember:

1. Establish group goals. Effective CL involves
establishment of group goals, as well as individual
accountability. This keeps the group on task and establishes
an unambiguous purpose. Before beginning an assignment, it

is best to define goals and objectives to save time.

2. Keep groups midsized. Small groups of 3 or less lack
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enough diversity and may not allow divergent thinking to
occur. Groups that are too large create “freeloading” where
not all members participate. A moderate size group of 4-5 is
ideal.

3. Establish flexible group norms. Research suggests
that CL is influenced by the quality of interactions.
Interactivity and negotiation are important in group learning.
If you notice a deviant norm, you can do two things: rotate
group members or assist in using outside information to
develop a new norm. But remember, given their durable
nature, it is best to have flexible norms. Norms should
change with situations so that groups do not become rigid and
intolerant or develop sub-groups.

4. Build trust and promote open communication.
Successful interpersonal communication must exist in teams.
Building trust is essential. Deal with emotional issues that
arise immediately and any interpersonal problems before
moving on. Assignments should encourage team members to
explain concepts thoroughly to each other. Studies found that
students who provide and receive intricate explanations gain
most from CL. Open communication is key.

5. For larger tasks, create group roles. Decomposing
a difficult task into parts saves time. You can then assign
different roles. A great example would be assigning different
roles such as group leader, recorder, reporter, and fact
checker. Students can choose their own role and alternate
roles by sections of the assignment or classes.

6. Create a pre-test and post-test. A good way to ensure
the group learns together would be to engage in a pre and
post-test. In fact, many researchers use this method to see if
groups are learning. An assessment gives the team a goal to
work towards and ensures learning is a priority. It also allows
instructors to gauge the effectiveness of the group. Changes
can be made if differences are seen in the assessments over
time. Individuals should also complete surveys evaluating
how well the group functioned. “Debriefing” is an important

component of the learning process and allows individuals to
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reflect on the process of group learning.

7. Consider the learning process itself as part of
assessment. Many studies have considered how CL helps
students develop social and interpersonal skills. Experts
have argued that the social and psychological effect on self-
esteem and personal development are just as important as the
learning itself. In terms of assessment, it may be beneficial to
grade students on the quality of discussion, engagement, and
adherence to group norms. This type of learning is a process
and needs explicit instruction in beginning stages. Assessing
the process itself provides motivation for students to learn
how to behave in groups. It shows students that you value
meaningful group interactions and adhering to norms.

8. Consider using different strategies, like the Jigsaw
technique. The jigsaw strategy (Jigsaw Classroom, 2000) is
said to improve social interactions in learning and support
diversity. The workplace is often like a jigsaw. It involves
separating an assignment into subtasks, where individuals
research their assigned area. Students with the same topic
from different groups might meet together to discuss ideas
between groups. This type of collaboration allows students
to become “experts” in their assigned topic. Students then
return to their primary group to educate others.

9. Allow groups to reduce anxiety. When tackling
difficult concepts, group learning may provide a source
of support. Groups often use humor and create a more
relaxed learning atmosphere that allow for positive learning
experiences. Allow groups to use some stress-reducing
strategies as long as they stay on task.

10. Establish group interactions. The quality of
discussions is a predictor of the achievement of the group.
Instructors should provide a model of how a successful group
functions. Shared leadership is best. Students should work
together on the task and maintenance functions of a group.
Roles are important in group development. Task functions
include: initiating discussions, clarifying points, summarizing,

challenging assumptions/devil’s advocate, providing or
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researching information, reaching a consensus. Maintenance
involves the harmony and emotional well-being of a group.
Maintenance includes roles such as: sensing group feelings,
harmonizing, compromising and encouraging, time-keeping,
relieving tension, bringing people into discussion.

11. Use real world problems. Experts suggest that
project-based learning using open-ended questions can be
very engaging. Rather than spending a lot of time designing
an artificial scenario, use inspiration from everyday problems.
Real world problems can be used to facilitate project-based
learning and often have the right scope for CL.

12. Focus on enhancing problem-solving and critical
thinking skills. Design assignments that allow room for
varied interpretations. Different types of problems might
focus on categorizing, planning, taking multiple perspectives,
or forming solutions. Try to use a step-by step procedure for
problem solving. One generally accepted problem-solving
procedure includes (in order): identify the objective, set
criteria or goals, gather data, generate options or courses of
action, evaluate the options using data and objectives, reach a
decision, implement the decision.

13. Keep in mind the diversity of groups. Mixed groups
that include a range of talents, backgrounds, learning styles,
ideas, and experiences are best. Studies have found that
mixed aptitude groups tend to learn more from each other and
increase achievement of low performers. Rotate groups so
students have a chance to learn from others.

14. Groups with an equal number of males and females
are best. Equally balanced gender groups were found to
be most effective. Some research suggests that males were
more likely to receive and give elaborate explanations and
their stances were more easily accepted by the group. In
majority male groups females were ignored. In majority
female groups, females tended to direct questions to the male
who often ignored them. You may also want to specifically
discuss or establish gender equality as a norm. This may

seem obvious, but it is often missed.
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15. Use scaffolding or diminished responsibility as
students begin to understand concepts. At the beginning of
a project, you may want to give more direction than the end.
Serve as a facilitator, such as by gauging group interactions
or at first, providing a list of questions to consider. Allow
groups to grow in responsibility as times goes on. In your
classroom, this may mean allowing teams to develop their
own topics or products as time goes on. After all, increased
responsibility over learning is a goal in CL.

16. Include different types of learning scenarios.
Studies suggest that collaborative learning that focuses on
rich contexts and challenging questions produces higher
order reasoning. Assignments can include laboratory work,
study teams, debates, writing projects, problem solving, and
collaborative writing.

17. Technology makes collaborative learning easier.
Collaboration had the same results via technology as in
person, which was increased learning opportunities. Try
incorporating free tools for online collaboration.

18. Keep in mind the critics. As with any learning
strategy, it’s important to have a balanced approach. Cynics
usually have a valid point. A recent New York time article
(Caine, 2012), cites some criticism of collaboration for
not allowing enough time for individual, creative thinking.
You may allow some individual time to write notes before
the groups begin. This may be a great way to assess an
individual grade.

19. Be wary of “group think”. While collaborative
learning is a great tool, it is always important to consider a
balanced approach. At times, group harmony can override
the necessity for more critical perspectives. Some new
research suggests that groups favored the more confident
members. Changing up groups can help counter this problem.

20. Value diversity. Collaborative learning relies
on some buy in. Students need to respect and appreciate
each other’s viewpoints for it to work. For instance, class

discussions can emphasize the need for different perspectives.
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Create a classroom environment that encourages independent
thinking. Teach students the value of multiplicity in thought.
You may want to give historical or social examples where
people working together where able to reach complex

solutions.

Advantages of collaborative learning

Research (Humbolt State University, 2009; University
of Oregon, 2013) suggests that CL brings positive results
such as deeper understanding of content, increased overall
achievement in grades, improved self-esteem, and higher
motivation to remain on task. Students take ownership of
their own learning, and gain skills in resolving group conflicts
and improving teamwork skills. Research by Webb (Webb,
1992) suggests that students who worked collaboratively on
math computational problems earned significantly higher
scores than those who worked alone. Plus, students who
demonstrated lower levels of achievement improved when
working in diverse groups. Harvard assessment seminar
research (Cohen G, 1986) showed that students who studied
in groups consistently had higher grades than those who
studied alone. Additionally, group-study students spoke
more often in class, asked more questions, and were more
generally engaged. Klemm (Klemm WR, 1994), in his
paper, goes on to mention other advantages as well, including
the socialization that collaborative learning promotes. He
states that, “This seems particularly applicable to veterinary
students who typically operate under severe academic and
financial stress. CL creates a learning community, enhances
the recruitment and retention of students, increases the
quality of student life on campus, helps students gain needed
interpersonal and small group skills, creates a shared identity
among students and faculty personnel, and networks students
into caring and supportive relationships that will last a
lifetime (Light, 1990). CL is especially needed when students

are heterogeneous in terms of ethnicity, gender, culture, and
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achievement (Clifford M, 2012). The enemies of tertiary
education are isolation, loneliness, anxiety, and failure. A
learning community characterized by personal and academic
support is first and foremost created by involving students in

cooperative efforts with each other and with the faculty.”

Closing remarks

Much more can be said about collaborative learning
— additional advantages, and maybe some disadvantages to
tertiary education, its theory, description and other elements.
But, all in all, it seems to have the potential for addressing
some of the bhigger issues facing higher education, such as
changing student demographics and the rapid rise in scientific
and clinical information. For this reason, colleges that
haven’t yet employed — or under employ - CL as an effective

educational teaching tool, might want to consider the topic

further.
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Index of Master's Theses for
the Graduate School of Obihiro
University of Agriculture and
Veterinary Medicine

Master's Program in
Life Science and Agriculture

. Feeding habit of red foxes (Vulpes vulpes) and

environmental factors to determine their defecation
locations in agricultural area of Tokachi, Hokkaido,
Japan

(Ayaka Ishida, Ecology and Environmental Science)

. Effect on the decomposition process by the psychrophilic

fungi under snow cover in the larch needle in Japan

(Hinako Ohashi, Ecology and Environmental Science)

. Physiological effects of CCK-33 in cattle

(Kazuki Ochiiwa, Animal Production)

. Environmental factors which affect habitat selection of

three shrew species in Hokkaido, Japan

(Yuta Kagaya, Ecology and Environmental Science)

The effect of glucocorticoid on bovine oocyte
maturation, fertilization and subsequent development in
Vitro

(Yuta Zempo, Animal Production)

. Effect of sodium percarbonate on methane emission,

nutrient digestibility, rumen fermentation characteristics,
nitrogen and energy balances in sheep

(Yudai Nagano, Animal Production)

. Morphological comparison of limb bones among three

Sorex species with special reference to burrowing
adaptation

(Maki Hashimoto, Ecology and Environmental Science)

. The input of terrestrial invertebrates to streams and their

contribution to fish diets
(Hazuki Yamaguchi, Ecology and Environmental

Science)
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9. Host manipulation by an aphid parasitoid, Lipolexis
gracilis: the function and mechanism

(Yu Yoshikawa, Ecology and Environmental Science)

Master's Program in
Food Science

1. Analysis of in vitro Human milk oligosaccharides
metaborism of Bifidobacteria in Brestmilk
(Toshitugu Kadowaki, Food Technology and
Biotechnology)

2. Study on the role of taro (Colocasia esculenta) and
cocoyam (Xanthosoma sagittifollium) in the food culture
of the Philippines
(Nana Kobayashi, Food Technology and Biotechnology)

3. The quality variation of green vegetables by harvest
season and storage temperature

(Kohei Takatoku, Food Technology and Biotechnology)

4 . Effect of sphingolipid metabolites on apoptosis and
cytokine secretion in Caco-2 cells

(Akiyuki Tsuboya, Biomolecular Structure and Function)

5. Screening of plant symbiotic bacterium Azospirillum
and utilization to food production

(Keigo Hasumi, Biomolecular Structure and Function)

6 . Analysis of genistein-inducible novel genomic region of
Bradyrhizobium japonicum in early stage of symbiosis
with Glycine max (L.)

(Tatsuo Hidaka, Biomolecular Structure and Function)

7 . The effect of indigestible carbohydrates and resistant
starch on the intestinal flora and bile acid in vitro

(Ayumi Yasuda, Food Technology and Biotechnology)

8. The effect of Tokachi-Inulin with high degree on
polymelyzation on lipid metabolism and intestinal micro
flora in rats

(Aiko Yamamoto, Food Technology and Biotechnology)
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10.

Master's Program in
Agro—environmental Science

. Effects of early ridging and seeding depth on growth and

yield characteristics in potato

(Masahiro Okada, Plant Production Science)

. Breeding research on competitive ability against weed

species in common wheat

(Kazuki Hayashi, Plant Production Science)

. Histopathological observation of infection dynamics

of Beauveria bassiana sensu lato in adult female
Anopheles stephensi

(Minehiro Ishii, Plant Production Science)

. Complexation of dissolved fulvic acids and its effect

on plant nutrient supply in forest litters and soil
amendments

(Narumi Oshima, Plant Production Science)

. Analysis of dynamic load generation mechanism on

farm tire

(Kousuke Kawamura, Engineering for Agriculture)

. Identification and functional analysis of reduced culm

number 4 in rice

(Hideyuki Kitazawa, Plant Production Science)

. Basic experiments of compost application characteristic

using a scale model of manure spreader

(Kiichirou Sakamoto, Engineering for Agriculture)

. Analysis of cutting resistance of a disk-type slurry

injector

(Koji Takahashi, Engineering for Agriculture)

. Study of land use evaluation in agro-forestry watershed

using nitrate nitrogen concentration in river water

(Yuri Yamazaki, Engineering for Agriculture)

Soybean cyst nematode damage suppression effect
of parasitic on the adzuki bean by insects parasitic
Lecanicillium spp.

(Setuyou Ou, Plant Production Science)

. Biocontrol for Tomato Fusarium Wilt using

entomopathogenic Bacillus thuringiensis

(Qi Jiaheling, Plant Production Science)
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12.
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