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Effects of Treating Apples and Japanese Pears with a Ribbon-based
Formulation of 1-MCP in a Corrugated Cardboard Box for MA Packaging

Havama Hiroko*®, Kasummura Yoshiki*', Sakamoro Daisuke* and Nakamura Yuri*
* National Institute of Fruit Tree Science, NARO, 2—1 Fujimoto, Tsukuba Ibaraki 305-8605

The effects of treating apples ‘Orin’ and Japanese pears ‘Kosui’ with 1-methylcyclopropene (1-
MCP) constituted from a ribbon-like formulation were investigated. The 1-MCP was applied to the fruit
in a corrugated cardboard box like those used for MA packaging (hereafter ‘MA-box’). Since the
ribbon-like formulation generates 1-MCP by absorbing water from the air, it is more practical than the
commonly used powder formulations for small containers such as MA-boxes (the latter formulation
must be dissolved in water before use). However, 1-MCP is generated at a much slower rate from
the ribbon-like formulation, taking 6 hours for all 1-MCP to be liberated. At 3.2hours, the 1-MCP
concentration in the MA-boxes peaked at 66% of the maximum concentration achieved in the air-tight
container. The period of time during which the concentration was more than 50% of that achieved in
the air-tight container was estimated to be less than 4hours. The effectiveness of the ribbon-like
formulation of 1-MCP at maintaining the quality of ‘Kosui’ pears in an MA-box was almost equivalent
to that of the standard 1-MCP treatment in a gas-tight container; the changes in flesh firmness,
ground color, and pH of the fruit juice were extremely reduced during storage. For ‘Orin’ apples,
treatment with the ribbon-like formulation in an MA-box was also effective for maintaining fruit
quality during 5 months of cold storage, although it was relatively less effective than treating the
apples in a gas-tight container. Overall, treating apples and Japanese pears in an MA-box with a
ribbon-like formulation of 1-MCP is thought to be a very useful and convenient method for preserving
fruit quality.

(Received Jun. 20, 2011 ; Accepted Sep. 29, 2011)
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Table 1

W O1-MCPREEIHINC & 0 A TEB) L7225, @EHET
ThH-o7

2. ZhRFY EK BT B1-MCPORERIEHE

)RV RUEFIMAE: R — VHLE O B3 (U 5 H
B) BT AFNOIFL B IO BLREDREIZ,
FNEN0.27u0 - L 'BLU2.52%TH -7z (Tablel),
%GB, AUHIZBWT, RNEEORAITRD 5Nk
572

ARSI O R E MBI KT T B % Table 2 12
ML7z. PUES HER T, AWLPE S PUEREIZ IR TR
RRERTEESET L, ANONE S E0EE OMICER
BEZRBOONL D o720 R OBrixd & UpHIZ D W
TOHMHIC X 2EIRO SN Lol —F, Hifuid,
TN DI-MCPULETY, 5 —F ¥ — MEDEMLE L )
DAL, FALHHIHI S Nze FRIC, PR 2 v 7
KBRS TR RS H 2 > 720 IHE10H T,
LB 2 02 S FI-MCPILELIZ X ), R DK
T, BitpHo L&, M0 WAL T IIE S h, #
ORI I X BEVIZERD SN o T2 YU
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100

--o-- MA-box
—o— Air-tight container

1-MCP conc. (%)
<

i 5 10 15 20 25
Time after sealing (h)

Fig.1 Changes in 1-MCP concentrations with a ribbon-
like formulation of 1-MCP in a corrugated cardboard
box prepared for MA packaging (MA-box) (@) or an
air-tight container (Q)

Y axis is the percentage of maximum concentration
achieved in the air-tight container.

Gas concentrations in the corrugated cardboard boxes prepared

for MA packaging (MA-box) treated with 1-MCP at breaking the seal

Gas concentration in MA-box

Ethylene (u¢ - ¢ ') CO. (%)
‘Kosui’ Japanese pears’
MA-box+ 1 —MCP 0.27+0.017 2.52%0.06
‘Orin’ Apple*
MA-box 1.35+0.13 0.39=x0.05
MA-box+ 1 —MCP 0.47%0.12 0.24=0.02

“Gas concentration was measured at 5 days after treatment

*Means+=SE (n= 3)

*Gas concentration was measured at 3 months after treatment
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Table 2

Effects of 1-methlycyclopropene (1-MCP) treatment using a corrugated cardboard box prepared for MA

packaging (MA-box) with the ribbon-like formulation on the quality of ‘Kosui’ Japanese pears

Treatment method

Storage Ground Flesh firmness .
. g i Brix pH
duration at 25C  Treatment 1-MCP color’ (N)
container generator
Before treatment 2.1 26.1 13.6 5.24
5 days Untreated” - 4.4 ¢ 23.9 13.1 5.26
MA-box* Ribbon 3.4 b 23.4 12.8 5.31
Gas-tight container" Ribbon 2.9 ab 23.9 13.1 5.26
Gas-tight container Powder 2.3 a 22.7 13.1 5.30
10days Untreated - 5.0 b 18.9 a 13.0 5.40 b
MA-box Ribbon 3.3 a 22.4 b 12.2 5.19 a
Gas-tight container Ribbon 3.0 a 24.6 b 13.4 5.23 a
Gas-tight container Powder 3.0 a 22.9 b 12.5 5.23 a
l4days Untreated - 57D 16.1 a 12.9 ab 5.66 b
MA-box Ribbon 4.4 a 19.6 b 12.2 a 5.06 a
Gas-tight container Ribbon 4.4 a 23.1 ¢ 13.1 b 4.98 a
Gas-tight container Powder 4.5 a 21.3 bc 13.3 b 5.09 a

“The ground color of the calyx end was rated using a scale from 1 (green) to6 (yellow).

"Fruit were stored in a conventional corrugated cardboard box.

“Fruit were stored in a MA-box following treatment with ribbon-like formulation of 1-MCP (SmartFresh™Strips)in a sealed MA

-box for 5 days at 25C.

“Fruit were stored in a conventional corrugated cardboard box following treatment with 1-MCP constituted from a ribbon-like
formulation (SmartFresh™Strips) or powder formulation (SmartFresh™) in a gas-tight container for 16h at 25C.
“Numbers followed by the same letter within a column are not significantly different at P{0.05by Tukey-Kramer test (n=8).

BlotaoE{biz, 1-MCPAHEIZX Y IHISh, Fo
FEFE LB I X BEVIZRD S holze —T,
BATEER T OBHIR)RIZOWTIE, VK BBEHMA
BN — VR & ) R O RS P S LB & OIS A
HAENRD LN, HHEORABENZEOZNLD K
Motz BiFDBrixid, VR Y HIBHIMAB R — VAL
BT, )R REE B X O REIREA & v 7]
T R THE BRI - 72,

3. U>d ‘EW IZHTB1-MCPORERFHR

MAB R — VAIBEEE (3 2 H %) IS8 2HM
DIF L B LUK FREX, 1-MCPH#A] % H A
L72fCREF I A 572 (Tablel)o MABRAR— VAHH
MULEE, ) R Y RIBHIMAR R — VHTLE & (R
EOFEFED ENL Do T2,

K ALHE S i D S FE B BT T 5B % Table 3 12
RL7 FE 3 ABETIE, )RV EBHMARE—
FEALER TR LI AR TR O #ALAHIH S iz, BA
MO I, MBEFHEICHh 20 5 FT1T-MCPRLEIZ LD
S N7z7s, ZOMEOREIITEVHFRDOLN, Y
ARV RIBAIMAB R — VR O R 1L, By R R 5] 4
FEVERLHLIIC R TH 5 720 HEMEOKTIX, HK
BRI AR AL X D JIfl S 7z, V)R R
HIMAB AR — VAL, BB E OBICHEET D

o7z, F72, WEMICHT 2 REORRAGE, BAR
B BRSBTS P S 72 As, MABEKR — VA
HMALE S X 0% R ¥ RBGIIMABE R — VAL X Y
S IS S Mz BT OBrixid, B AR RUEA R
B TOARARIZE D o720 IWE S P ARIZBWTIA,
B2 ) R Y BIBHIMAR AR — VLB X %P0 %)
RIZBD SN0 7275, RAMEZKT B L OREOWR
wEAEE 3 A% EIFIZFEBROBEINAFTED Sz #HE
MREEDITIZ, TR0 53, 1-MCPALHLIZ X
DI STz F 7z, MALELE X OMAEKR — )V HUHUAL
BT R 2 L, FRICMABGR — VA B L B
THENS 5720

z ¥

—EHNAEH E T B RB O 1-MCPREANL, KiZ
IR1%20~300 I T RTOI-MCPE T 5 L ShT
WA, FEFSDORBTIZBME 2 ~ 30 UNEWVD
Wb THBERTT_TOI-MCPZE R Lz CGRIEE),
—75, RFETHWZY K ¥ o1-MCP#E#] 9»1-MCP
B, BARBBEANCHRELIEETHY, G675
FTRTOI-MCP# 34T 5 T TORTERMIX 6 K TH
o720 TO L) REEE, VR Y RIBF AR Z 2 T
KEFDORGZPINT HZEIEBbDEEZOND,
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Table 3 Effets of 1-methylcyclopropene (1-MCP) treatment using a corrugated cardboard box prepeared by MA
packaging (MA-box) with the ribbon-like formulation of 1-MCP on the quality of ‘Orin’ apples

Treatment method Flesh Titratable Weight Storage scald
Storage Skin f Bri acidity )
. irmness rix 0SS x
duration at2 C Treatment 1-MCP color” (g-100m"! ) Rating” Percentage
container  generator ) as malic acid) 77 (%)
Before
3.6 66.9 13.7 0. 281
treatment
3 months Untreated"” - 5.8 b 50.1 a 14.5 a 0.207 a 3.7 ¢
MA-box" - 5.3 ab 47.0 a 14.5 a 0.206 a 0.9 a
MA-box Ribbon 5.0 a 56.6 b 14.5 a 0.232 ab 0.8 a
Gas-tight
g Powder 5.2 ab 64.0 c 15.2 b 0.246 b 3.1b
container"
5 months Untreated - 5.9 ab 44.7 a 14.8 b 0.185 a 5.9 ¢ 1.3 58.3
MA-box - 6.2 b 43.8 a 14.6 ab 0.162 a 1.2 a 2.3 91.7
MA-box Ribbon 5.2 ab 57.3 b 14.2 a 0.230 b 1.1 a 0
Gas-tight
astis Powder — 4.9a  63.0c  15.0b  0.241b  48b 0
container

“Skin color was rated using a scale from 1

(green) to7 (yellow).

"Storage scald was rated using a scale from 0 (none) to3 (severe).

*Percentage of the fruit that storage scald appeared.

“Fruit were stored in a conventional corrugated cardboard box at 2 C follwing 1 day at 22C.
"Fruit were stored in a MA-box following treatment with or without ribbon-like formulation of 1-MCP (SmartFresh™ Strips) in

a sealed MA-box for 3 months at 2 C following 1 day at 22C.

"Fruit were stored in a conventional corrugated cardboard box following treatment with powder formulation of 1 —MCP

(SmartFresh™) in a gas-tight container for 16h at 22C.

‘For each storage duration, numbers followed by the same letter within a column are not significantly different at P<{0.05by

Tukey-Kramer test (n=12)

T/, SN L -MAWEEM B R — VEIE, — %
B — VRN HARIUEF A E @M b oD, 1-MCP
AL BBREELVWLDOTIEZWY, DD, AR
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MCPEFEIZ A TH HAE L T HRED 6 ~ 7 EFEFELIC
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HINOL-MCPI#EEE 1L, REE AN TITEM L 72 Bk
(Fig. 1) 2B AMHELD S BIE -0 FHEE
Nod, LeLads, =Ky ¥ K I3 %51-MCP
OMBERRIE, VR HRBE Z v, MABRR— VN
THIEELTH, RAMEKTOMHREZRRELD0
D, REMELRE 72 & AT S O8O BEEE IR
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RATERCTHEREZOKT, I D54 AT 13
HSNBREBAEEERFER RS SN (Table3)o
1-MCPOMLIE R F i, 1-MCPORER L OB ZERERH I
Yo TERENGED?, =KV F ¥ ‘K TIX, 4H

D) K v RBHIMAB R — VR BT 2 BE50T,
FEHRKRISECUAR RIS O N DRSS E 2 5N b,
A2 DOV, HRBMBH ZH 58N To
MEIZBWTYH, MBEEEA0.5u0 « £ "CTH 1ul - 07
LHEORENEONL L, X512, WUPLEE 1 40 -
0 TIE 4 LB C16RE AL B & MFE O R R b h
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Measurement of Thermophysical Properties and Selection
of Prediction Model for Selected Seafood
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MuraMATSU Yoshiki*'®, Sakacuchr Elichiro™, Orikasa Takahiro™,
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% 1  Department of Food and Cosmetic Science, Faculty of Bioindustry, Tokyo University of Agriculture,
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Tokyo University of Agriculture, 1-1-1, Sakuraoka, Setagaya—ku, Tokyo 156—8502
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Miyagi University, 2—2—-1 Hatadate, Taihaku—ku, Sendai—shi, Miyagi 982-0215
* 4 Graduate School of Horticulture, Chiba University, 648, Matsudo, Matsudo—shi Chiba 271-8510

The thermophysical properties (thermal conductivity, thermal diffusivity, and specific heat) of salmon,
skipjack, and scallop were determined at seven different temperatures between5° C and 50° C. The
transient heat flow probe method was used for the simultaneous estimation of the thermophysical
properties of samples of these fish. The effects of temperature on the thermophysical properties of the
samples were investigated. The thermal conductivity and thermal diffusivity of the samples increased
with the temperature. The specific heat of the samples was almost equal in the range of
measurement temperatures. The observed values of the thermal conductivity of the samples were
compared with the values calculated from three typical structural models for thermal conductivity, ie.,
the series, parallel, and random models. The most suitable prediction model for the samples was the
parallel model. The observed values of the thermal diffusivity for the samples agreed well with the
values calculated from Martens's equation. An additive relationship exists between the specific heat of
the sample, the composition, and the specific heat of each component.
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Table 1

KB A&

1. 8 #

Ak, BBECEALZY Y, AV F, BXUFRS
THHO 3THTH 5, B KRIZIMEBEZE XK 55T
(A&D, MX-50) # HIWTHIE L7ze COBE, 1HOE
EH 1 emBEE O HRIHIE L7 B 2R 5 g Hw,
EE160C T, R OEREWM D =D 1 5 T0.05g 2L
Tl ozl EPMIRBIGELZEARLT, ZOL X
D% REIKG & L7ze TORE, AptoBmEibiEaK
R (DT, KoLk @d) oflEEix, #hLFN73.8%
(%), 69.6% (v *), 77.0% (k%57 HHE) &%
D, BRESEOEEIFIZ-K L, SRHLDZ &R
SANFZETIE, ARG ORERH 2 I &£
A B L 7230 B 43R & e P AE O FFHT IS B
ZhIZLze ZOXIICLTEE LB O SHE %
Table 1 1271”7,

AR D E N DB EME I KA EEE, oY)
D g EHCTHRZ, 208, 3KICBA Lz ro)
DHOBFMEBEMLS, ZRNFNIRE3IamxEE 2mx &
S17enfEO R E 21TY ) L7230k 2 [ I H w7z,
ZOMER, 10CIZBVT, S7r OREERIE, FHTIX
0.499W/m - C, JEM TIX0.498W/m - Ce o7z &
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2. 7O-TJEKICL2B8MUBEORES X

JEH 7 u— T HEEREPICAN T e — T oS
fE2WEL, ZORELEIDOT—5 % TR0
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Amount (mass fraction and volume fraction) of each component for each sample

Content, %

Sample

Moisture Protein Fat Carbohydrate Fiber Ash
Salmon
Mass fraction 73.8 21.1 3.9 0.1 0.0 1.1
Volume fraction 78.1 16.9 4.5 0.1 0.0 0.5
Skipjack
Mass fraction 69.6 28.2 0.6 0.1 0.0 1.5
Volume fraction 75.5 23.1 0.7 0.1 0.0 0.7
Scallop
Mass fraction 77.0 17.0 0.1 4.6 0.0 1.3
Volume fraction 82.5 13.7 0.1 3.1 0.0 0.6
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Table 2

Thermal property models for intrinsic thermal conductivity, density, and

specific heat of major components of foods (CHor and Oxos, 1986)

Thermal Major Group models
property component temperature function
Intrinsic thermal Water® Aw =5.7109 x 10" 1+ 1.7625 x 10 3T — 6.7036 x 10572
conductivity Protein™ Ap = 1.7881 x 1071 +1.1958 x 10 *T—2.7178 x 10 572
(W/m-C) Fat* Ar =1.8071 x 10 ' =2.7604 x 10 *T—1.7749 x 10" T**
Carbohydrate®*  Ac =2.0141x 1071+ 1.3874 x 10°T—4.3312 x 10 72
Ash* Am =3.92962 x 1071 +1.4011 x 10737 —2.9069 x 10672
Density Water* ow =9.9718 x 10% +3.1439 x 10 *T—3.7574 x 10372
(kg/ni) Protein* op = 1.3299 x 10* - 5.1840 x 10~' T
Fat* or =9.2559 x 102 —4.1757 x 10°'T
Carbohydrate™  poc = 1.5991 x 10° —3.1046 x 10~ ' T
Ash* om = 2.4238 x 10° —2.8063 x 10T
Specific heat Water** cw =4.1762—9.0864 x 107 °T+5.4731 x 107672
(kJ/kg-C) Protein™ ¢p = 2.0082+1.2089 x 10 *T—1.3129 x 10672
Fat® ¢r = 1.984241.4733 x 10 3T —4.8008 x 10672
Carbohydrate®™ ¢ = 1.5488+1.9625 x 107*T'—5.9399 x 10572
Ash* cn = 1.0926+1.8896 x 10 3T —3.6817 x 10 57"*

*for the temperature range—40 to 150° C
**for the temperature range 0 to 150° C

16
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12 —Calc.
1.0
0.8
0.6
0.4
0.2

0.0

Temperature difference (C)

0 10 100
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Fig. 1
of the probe with the results calculated from equation

Comparison of the observed temperature changes

(1) for salmon at a temperature of 5C

The solid line shows the values calculated from equation (1).
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Fig. 2
conductivity and the values calculated from equations
(6) and (8) for skipjack

Comparison between the measured thermal

The solid and broken lines show the values calculated from
equations (6) and (8), respectively.
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Table 3 Values of the parameters, root mean squared error (RMSE), and
coefficient of determination (R?) obtained from equation (6) for each sample

Equation Salmon Skipjack Scallop
6 ar (W/m-C) 1.330%x10°° 1.179x10°° 1.390x107°
by (W/m-C) 4.822%x107" 4.816x107" 4.906x 107"

RMSE (W/m-C) 0.0015 0. 0022 0.0027

R? 0. 9948 0. 9855 0.9842
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Table4 Values of the root mean squared error (RMSE) and relative error (RE)

obtained from equations (7), (8),

and (9) for each sample

Equation Salmon Skipjack Scallop
Series model RMSE (W/m-C) 0.0944 0. 0982 0.0659
7 RE (%) 17~20 16~22 10~14
Parallel model RMSE (W/m-C) 0. 0057 0. 0024 0.0155
8 RE (%) 0~2 0~1 1~4
Random model RMSE (W/m-T) 0.0372 0. 0429 0.0182
9 RE (%) 6~38 6 ~10 2~5
—~ 140
NE Scallop|
s 1.35 —FEq. 11
(e}
- Eq. 12 |
~ 130
i)
=
é 1.25
3
g 1.20
3
=
& 115k - — -
0 20 40 60

Temperature(C)

Fig. 3 Comparison between the measured thermal
diffusivity and the values calculated from equations
(11) and (12) for scallop

The solid and broken lines show the values calculated from
equations (11) and (12), respectively.
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Table5 Values of the parameters, root mean squared error (RMSE), and
coefficient of determination (R? obtained from equation (11)for each sample

Equation Salmon Skipjack Scallop
11 a: (nd/s- C) 2.033xX107"°  3.740x10°"  3.861x10°"
b2 (nd/s) 1.224 %1077 1.158 %1077 1.186 %1077
RMSE (mi/s) 8.323x10°" 1.190%x10°° 1.452%x107°

R’ 0.9220 0. 9580 0.9424
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Production of y-Aminobutyric Acid from the By-product
of Non-wash Rice by using Lactobacillus brevis IFO12005

Onromo Masanobu®™, Hokarr Mika™, OsmBE Akinori®’,
Hata Keishi** and Toepa Kazuki**®

* 1  Akitameijou Co., Ltd., 4-23 Daikumachi, Yuzawa, Akita
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% 4 Department of Food and Cosmetic Science, Faculty of Bioindustry, Tokyo University of Agriculture,
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The efficiency of a technique for the production of y-aminobutyric acid (GABA) by using Lactobacillus
brevis IFO12005 and the by-product of non-wash rice (NWRB) was evaluated. The rate of conversion
of monosodium glutamate (MSG) to GABA by the IFO12005 strain using NWRB (NWRB:water=1:
3) was low (26%). Enzyme processing of NWRB (enzyme-processed NWRB) when NWRB was the sole
source of nutrition was very effective for GABA production. When the MSG of 24% for NWRB was
added to enzyme-processed NWRB medium (NWRB: water=1:8), all the MSG was converted to
GABA (13.8mg/g) by the IFO12005 strain. GABA at a concentration of 16.1mg/g was obtained with
a conversion rate of 97% by using a 30-¢ jar fermentor containing 20kg of enzyme-processed NWRB

medium.
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Key words : y-aminobutyric acid (GABA), non-w ash rice, Lactobacillus brevis IFO12005
y-7 3 WEEE, MEIEK, Lactobacillus brevis IFO12005

IEPERITK 2 P W THRET & 2 FMEEDII A,
KIZ X BHAKRFGGOHM 2 & O A S W E D EHITILK
LTwb, BUE, THITHE - TwBEPEK & LTS
MEPEKY, TWREEDEK?, BCEEPE K 2 Eh3dh 5, SJE
PRI, EEERIOKEMZ CTRRAEZ 230 Hbt
THEZBREL, ZOBEERL, BELALDDOTH S, TWR
MEPEKITIMB L 722 EF A7 Ty 20 L THiZELY
B ZEICEoTHESINZLDTH 5, BGEEPE K

PR U CREZ HUY B < Bran Grind®ZET#E s h
725D THbH, EIROEETRETL - 2%DOM%E £k
& L7-EIREMARAET 5o MEPOREIEY O — ISR
WCHRIH ST, KA ZEIEDTH 5. FIHNIZ
&L TIPSR R Y O K39 By xt 3 2 il B
DG D B AT, WIZEBNIA T BETRRE Y 1T
B, R0, WL EORBRGS VL HEERTY
L ORBERE LTEETH B, BUIREHiH

%1 T012-0814 AKHEG IR KT 4 -23

* 2 T010-1623 FKHIEFKHTTH RN TRIE 4 -26
* 3 T020-0198 *AFWEN T BT 4

%4 T099-2493 dbiEEHEE T AIH196

§ Corresponding author, E-mail : k3toeda@bioindustry.nodai.ac.jp



20 H A i DRERE 2 &2

VOL.38 NO.1 2012

(20)

ENTWVZRW,

—J, -7 3 /WM (GABA) (ZILE BT /RS, H
BV, AMEAREIT T AR# R 2 o2 &
BHAISBNTWS, GABAEREIZDWTIIKRIEE, 28R
EW EONET VY I VB RERZ 2 FH LT
GABAZ L L - BERFM PG SN TV E7", AL
WX 2GABAEALEMFBPEM Y AHE SN TV DA,
KR EY % 8B ER & LGABA % BAb &8 2 W5t
RS /NN

FeP OB E ME— O RAER & L 7o ISR B,
b % v, FLEE W Lactobacillus brevis TFO1200512 X
IIVE I VB, SCGABAZEL4% (w/w) EETE S Z
EERME Lze RIRTIL, MUEKREIEY ZME—DRER
LB ERBL, IFO12005% JH W72 58BEIC X %
GABAGHMEMOAEEZ AL L7z, MUKEIEY O
HLEE B X OB 2 MET L2/, vy I Vi
M HGABAND F WARR R & REE L, GABAREEDS
16.1mg/ g DGABAGHMBYW DL ELZMB L 20T
Wtd %,

KB H A
1. EBRE#

KB REMN A P -2 L RX—F BBV, BG
HEPREE CREERSRAS BT ) V12 X 2 B A CRIA
9 % 4 Pt K Bl 2 W (by-product of non-wash rice:
NWRB, Table1) #H\wize V% I VEEE /) F MY
YA — RO (MSG, AIEMMIETER) 2 Hun
720
2. 73I/BOI

B 021240% U 7 1 1 FEREO. 25mL % dnig,
wsrEE (2,900% g, 1099) WCXDBRS v 87 Lz,
BonlLERPoT I /8BE2 T I BESSHTHEILC-
300 (HABETH) Z2HTHohr L7z,

MSG#* 5GABANDZH#H A (%) 1Z A L 72GABA
EVIERE 2 TRIIMSGEVIERE TR L TEH L7,

3.8 2 W

NWRBDEEF I & ) AR & 5 Hpl - 4 ) Tp
B L OBEEH O T 5 H1EDX500 (44 4 % 7 A
) BYREAF YR s M7 T 7 (HPAEC
PAD) %W CaHHr L7z,

Table1 Composition of NWRB
Component Content (g/100g)
Moisture 10.0
Crude perotein 15.9
Crude fat 14.1
Carbohydrates 51.2
Crude ash 8.8
Dietary fiber 1.9
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Z h0.71, 1.40, 2.10, 2.80, 3.51% (w/w) & L 72
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8. GABASHMEEMNI L ¥ v —&ERR

30 Vv —REFEEBEMSIN2 R GLENSNAF VY
) \ZpH4.5ICFREE L 7 R ALBEINWRB (NWRB& L
T2.5kg) ZMMBGEH (121C, 1547) L7z MBI
L7=-MSGZEINZ, 7V I ¥R IEEIZ2.36% (w/
w) & L7e &8, NWRBEADIIE, 1 :7& L7
¥#1330C, 200rpm TAT - 726

1. NWRB#H LU EBRMIENWRBIC & 3 GABAL
NWRBX X O #Z ML BINWRB%Z H v, IFO1200512 &
Y34 H % OGABA® A i & % Table 2 1278 L 726
NWRBT (ZGABA Bt i B (£ ¥ %) 132.8mg/ g
(25.7%) THY, REBD TV F I VEEH14.8ng/ g T
Hol2hs, BFMBNWRBZ HW/-4, ¥%4HH
T10.8mg/ g (98.7%) DGABAZAFE X N7z, NWRB
TOGABADIR WA EEDFEKR & L TREBBROARIH
Z BN b, Table 3 IZEFMUIENWRBO XS H o Bl
BLUERE 4 HEOEZE P ORME Z /R L7. NWRB
WIIEE LT, A VNV —RADAMDS. Tng/ g &ENT
Whhs, BEMETLZEICLY IV a—R, f USRI
=X, SNV PF—=ZABIPNV MY F—AH2.3~
13.6mg/ g WML 720 S MIENWRBH O JB4 A5 3 A0
HICKDAERLZDDEEZ bNL, REORZLAIC
Ihrrva—x, =V F—2AOWINYBEDLNTNS
A, BEFRWMHENWRBIZD FHERICED b7z, §i#4 H
BV I = APEETHBE SN, SV F—AbF L
CHBENT D2 P SBEZMBIC X D AR L
FVaA—A, IV b —ADILEERHOKIER L 7% o 7GR,
WARBASE Z ), GABADSEAEINZbDEEZ D
N5, o 7ar7—vuEic Xy, BiEsky I 8
BAT2MHICHIINT 2 2 L 20TV A, 4nl, BEHEML
FNWRBH O 7 I 7 BIZWE L TR, Hwizi

Table 2 Effect of enzyme processing of NWRB

mg/ g GABA
Enzyme i
: convertion
processing Glu GABA rate (%)
_ 14.8 2.8 25.7
+ 0.2 10.8 98.7

Glutamic acid and IFO12005were added to NWRB enzyme
processed NWRB liquid mixture and cultivated for 4 d at30C.

Table 3 Sugar-composition in medium of enzyme-processed
NWRB

Cuture ng/ g
time (d) Glucose Isomaltose Maltose Maltotriose
0 2.3 10.5 12.6 13.6
4 0 8.2 1.6 11.8

FHNE 70T 7 =L EENTVLEIELLHMLAT
IVBLEBRIC -2 b0EEZONSL, L2 L, B
FMHFNWRBH DO 7V ¥ I U EIZ0.0lmg/ g L FTH D,
MSGIRIMEIZHREHTEZLBERELEEZONS,
2. GABALEICH T 2 BRLIENWRBOINKEE D

g

RERRIZPE 9 MSG2» 5 GABANDZEH K % Fig. 11I/R L
720 ABRIX 1 0 4 (NWRB : k) O}5#8 1 H H TIZGABA
1. 7mg/ g AW L, Z¥FE19.3% (w/w) LKW &
Trolzh, MBX1 1 6BLU1 @ 8 TlE, GABAM#
NENG.7, 4.7mg/ g KL, 95%L OB VEHRET
Holze WBRX 1 ¢ 4 TORWGABAEEDFEK & LT
BHOEBTARENE 2 b b, IFO1200512 & 2GABA
OFAEEICIZ10cfu/me Y OB ENLETH L Z &
MhhroTnaEY, KB TIHAERBITHZE L Twiwn
B, KRB GRS G, BRENET E57:20127 v
=L NIRRT M X 2 WOEE OEND
JFRHE LTEZ BN,
3. EFAIENWRBIC & 2 GABAE LA DIEET

NWRBE & 25t L 8 ~40% (w/w) OMSG% #n L
72X o522 5 H % OGABAA KA I % Fig. 212/R L
720 8, 16, 24% D& RERIX DGABARREE & B#RIZ 7
h £ Nd.dmg/g (Z . F:1100%), 8.9mg/ g
(97.3%), 13.8mg/ g (100%) T & O, MSGH I &
WHEWGABABEED BN L 720 LA L, 32%IX, 40%IX
DGABARE B (£ ¥ %) 13 £ h & Ni5.6mg/g
(84.2%), 18.5mg/ g (80.7%) T&H v, GABAD &

16

14
12 |
10 F

Amino acid concentration (mg/g)

o N} =~ (o) o
T T T T

o

0 1 2
Culture time (d)

Fig. 1 Effect of ratio of NWRB and water in enzyme-
processed NWRB medium on production of GABA

The enzyme-processed NWRB medium was cultivated for 4 d
at 30C with addition of glutamic acid and IFO12005 to alter
hydration rate.

Symbols for GABA : GABA concentration : NWRB . water =
1:4 (—a—), NWRB : water=1 : 6 (—@—), NWRB :
8 (—Hl—) ; symbols for glutamic acid : NWRB :
(—A—), NWRB : water=1 : 6 (—O—),

8 (O

water=1 !
water=1 . 4
NWRB : water= 1
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Fig. 2 Effect of MSG concentration on production of
GABA using enzyme-processed NWRB medium

An 8% to 40% of MSG based on NWRB and IFO12005
were added to the enzyme-processed NWRB, which was
cultivated for 5 d at 30C.

Symbols for GABA conversion rate ; (—@—),
Glutamic acid ()

GABA (WD),

WE L o e REHEOMSGD #MN L 720 24%3 M X
TWRHEM L 72MSGT R THEH I, 13.8ng/g D
GABAZDSA L L 720 LI 5¥IZIF012005% F v 72GYP
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4. GABASHHMEMDI0L ¥ v —EEHAR
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Fig. 3
NWRB medium using 30- ¢ jar fermentor

Production of GABA from enzyme-processed

The enzyme-processed NWRB medium was cultivated at 200
rpm at 30C for 40 h.

Symbols for GABA (—@—), glutamic acid (—O—),

cell growth of IFO 12005 (—A—)
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Antioxidant Activities of Mongolian Medical Plants:
Pentaphylloides fruticosa as a Traditional Source
of Natural Antioxidants
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A recent increase in lifestyle-related diseases has drawn attention to the disease-preventing and
health-promoting effects of traditional foods. Although the standard Mongolian meal is based on animal-
derived foods, lifestyle-related diseases in Mongolia are uncommon. The present study examined
Mongolian medical plants naturally growing on steppes as a source of antioxidants. A total of 20
samples were collected, and methanol extracts of these plants were tested for antioxidant activity. A
rosaceous plant, Pentaphylloides fruticosa (Mongolian name, Borolzgono; Japanese name, Kinro-Bai), had
the highest antioxidant effect in the 1, 1-diphenyl-2-picryl-hydrazyl radical scavenging assay and the
ferric rhodanate method and had the highest polyphenolic content. In Mongolia, tea made from P.
fruticosa has been used to treat liver
pathophysiological role. The polyphenolic components, as well as compounds such as ursolic acid, may

diseases, in which inflammation plays an important

have anti-inflammatory and cell-regulatory properties that contribute to liver protection.

(Received Jul. 7, 2011 ; Accepted Oct. 20, 2011)
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A recent increase in lifestyle-related diseases has
drawn attention to the disease-preventing and health
foods. The
foods

- promoting effects of traditional

protective effects of traditional must be
evaluated, especially since the Western lifestyle is
gaining popularity worldwide. Many studies have
suggested that traditional foods have protective
effects against a variety of lifestyle-related diseases,
diabetes,

and atherosclerosis”. Our recent work has focused

including cancer, cardiovascular disease,

on discovering and evaluating the functional
components of traditional foods that reduce disease
occurrence and progression; these components are
chemoprevention and

therefore candidates for

chemotherapy. In particular, these functional
components are being investigated for antioxidant
and enzyme inhibitory properties. Many such factors
were previously thought to be non-nutritional and
thus unimportant ; however, they have recently

been found to have wvarious health - promoting

activities.
The staple Mongolian diet is based on animal-

derived foods, including mutton and cow ‘s and
horse’s milk. Nevertheless, lifestyle-related diseases
in Mongolia are less common than in other
populations with a high consumption of animal-
derived foods. Although the major dietary sources
of antioxidants are typically vegetables and fruits,
the consumption of vegetables and fruits in
Mongolia is low. Therefore, the consumption of the
medical plants that grow on the Mongolian steppe
health of the
likely

nutritional factors that are deficient

may contribute to the overall

Mongolian  population.  Nomads obtain
in animal -
and herbs.

However, research on the chemical and functional

derived foods from medical plants
components of Mongolian medical plants remains
scare. In the present study, we examined whether
Mongolian medical plants growing on steppes are a
source of antioxidants.

Materials and Methods

1. Chemicals
1, 1-Diphenyl-2-picryl-hydrazyl (DPPH) was obtained

§ Corresponding author, E-mail : torii@brs.nihon-u.ac.jp
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from Sigma-Aldrich (St. Louis, MO, USA). All other
chemicals were of analytical grade and were
purchased from WAKO Chemical Co. (Japan).
2. Mongolian plant materials

A total of 20 plant varieties were collected in
August 2004 in the Khentii Aimag prefecture of

Mongolia under the instruction of the local nomadic
10 showed
As
indicated in Table 1, some of these plants have

population. Among these plants,

antioxidant activity (Table 1 and Fig.1).

been used for medicinal purposes. The remaining
plants showed very weak or no antioxidant activity

Table 1 Mongolian medical plants with antioxidant activity
No. Mongolian names Scientific names Subjects Japanese names Function/usage
of related plants
1 Tumyys (Gishuun) Rumex acetosa Polygonaceae  Suiba Starter for Tarag (yogurt)
production
2 Asaprama (Azargana) Cirsium dipsacolepis Compositae Mori-azami Edible
(Asteraceae)
3 Bopomrono (Borolzgono) Pentaphylloides Rosacceae Kinnro-bai Liver diseases (hepatitis and
fruticosa others)
Manrnp (Mangir) Allium altaicum Liliaceae Chive or Negi  Edible
5 COnfsc (S6d 6ws) Sanguisorba Rosacceae Waremokou Gastric medicine
officianalis
6 Tompx (Gonbd) Libanotis Umbelliferae  Ibuki-bouhuu Spice, cold and flu
buchtormensis (Apiaceae)
7 Ilaraas ba X0x Jlorn (Tsagaan Lomatogonium Gentianaceae  Hime-sennburi ~ Pneumonia
Ba Khokh Degd) rotatum
8 Aru (Agi) Artemisia austriaca Compositae Niga-yomogi Shampoo
(Asteraceae)
9 Ilapsanm (Tsarwan) Artemisia sp. Compositae Takane-yomogi  Cough, throat ache, asthma
(Asteraceae)
10 Yara (Tsaga®) Obliguus inonofus  Poliporales Kabanoanatake = Immunity activation, cancer

prevention, exhaustion

*

. “Tsaga” is originally Russian name of the mushroom, and also used in Mongolia.

No. 1 I'mmyyns No. 2 Aszaprana

No. 6 Tonbx No. 7 Ilaraan bax0x
Harn

Fig. 1

Identification and characterization of each plant listed in Table 1.

No. 3 BopoisroHo

No. 8 Aru

No.4 Manrup

=
No. 9 Ilapsan

No.5 COnbsc

it

No. 10 Yara

Mongolian medical plant extracts with antioxidant activity (sample nos. 1-10)
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and are not listed. Although close relatives of most
of the collected plants can be found in Japan or
China, they do not have a similar traditional usage.
Approximately 100 g of each dried, ground plant
material was soaked in 1 £ of methanol for 5 days
and mixed every 24 h by gentle inversion of the
bottles. The final extracts were filtrated with
Whatman filter paper No. 1 ( Whatman Ltd.,
England). An aliquot of the filtrated extracts were
concentrated under vacuum on a rotary evaporator
of the
extracted components. Working solutions (5mg/mé) of

at 40C to measure the concentrations
the extracts were prepared in methanol and stored
at 4 C until use.
3. Assays for

antioxidant activities

polyphenolic  contents and

Water and methanol extracts were prepared from
dried plant samples by extraction with a 5-fold

volume of solvent and were used in further

experiments. The polyphenol concentration of each
extract was determined with the Folin-Denis method

using gallic acid and epicatechin as standard

polyphenolic compounds””.

Antioxidant activities were assessed by the

peroxide value (also known as the ferric rhodanate

method )¥® in which ferric chloride, potassium
thiocyanate, and linoleic acid were wused as
substrates.  Antioxidant  activities were  also

measured by the DPPH-radical scavenging assay”.

Working solutions of the test extracts were
prepared in methanol. A 1-100 ug/mé solution of
ascorbic acid was used as standard. A 0.002%
DPPH solution was prepared in methanol, and 1 mé
of the DPPH solution was mixed with 1 mé of the
sample solution or standard solution. The solution
mixtures were kept in the dark for 30 min; then,
the optical density was measured at 517 nm using a
spectrophotometer (UV -mini 1040, Shimazu Co.,
Japan). Methanol ( 1 m¢) mixed with the DPPH
solution (1 m¢) was used as a blank. The optical
density was recorded, and percentage inhibition was
calculated as:

DPPH scavenging activity (%) = [(A—B)100%1/A
where A is the optical density of the blank, and B

is the optical density of the sample.
Results and Discussion

( ROS )
such as

Reactive oxygen  species -induced

peroxidation of biomolecules, lipids,

contributes to the development and progression of

(Article] Antioxidant Activities of Mongolian Medical Plants 27
various lifestyle - related diseases. Antioxidant
components in food scavenge ROS and thus

suppress the lipid peroxidation. In the present study,
some of the samples displayed markedly high
antioxidant properties. Other samples, in contrast,
displayed weak or no antioxidant properties (data
not shown).

Among the samples tested, sample no. 3, a

rosaceous plant named Pentaphylloides  fruticosa

( Mongolian name, Borolzgono ; Japanese name,
Kinro-Bai), had the strongest antioxidant properties
in the DPPH radical scavenging assay (Table 2)and
the ferric rhodanate method (Fig.2). The water
extracts of the plants were similarly effective as the
After

sample no. 3, the antioxidant activity was found in

methanol extracts. partial purification of
the water-soluble fraction and then in the ethyl-
acetate fraction after stepwise fractionation (data not
shown). The extract of sample no. 3 contained a
higher concentration of polyphenolic components
than extracts of other samples, and 11.3% of the
total polyphonic compounds were recovered in the
ethyl-acetate fraction.

Hot-water extracts of P. fruticosa have been used
liver diseases in

as a traditional medicine for

Mongolia. P. fruticosa is used for herbal tea in
Europe and also used as a remedy for fever and
gastric problems in China traditionally. In Japan, a
plant closely related to P. fruticosa grows as an
alpine plant but is not utilized for medicinal
purposes. Antioxidant effect of P. fruticosa has not
been examined and reported in former related

studies”. The aqueous extract of P. fruticosa has

Table 2 Polyphenol contents and DPPH radical scavenging
activity of Mongolian medical plants extracts (sample
nos. 1-10)

Relative polyphenol  Polyphenol content DPPH radical

No. content in in plant body scavenging
extracts (zg/mé) (mg/g, wet weight) activity (%)

1 14. 39 0.68 94. 64

2 8.18 1.07 69. 89

3 61.23 3.06 96.91

4 12.09 0.60 93. 30

5 32.35 1.62 96. 39

6 24.94 1.24 89.59

7 17.61 0.83 91. 68

8 25.14 1.26 93.18

9 18.79 0.94 93.81

10 21.92 1.10 78.31
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Fig. 2 Inhibitory effects of Mongolian medical plant extracts (sample nos. 1-10) on lipid
peroxidation. Oxidative degradation of free linoleic acid was detected by the ferric

rhodanate assay

been reported to have a protective effect against

chronic toxic hepatitis in an experimental rat

model”. Many liver disorders, such as hepatitis and
hepatoma, are related to chronic inflammation and
excessive ROS formed by toxic chemicals, alcohol,
and wviral infection. Therefore, antioxidants in
medical plants may be used to treat inflammatory
liver disorders. P. fruticosa is also rich in ursolic acid,
a tri-terpene commonly found in herbs, which can
regulate hepatic lipid metabolism via activation of
PPAR-+”. Recently, ursolic acid was also reported to
have anti-tumor effects’”. However, ursolic acid is

not a polyphenolic compound and has weak

antioxidant activity. Therefore, we speculate that P.

fruticosa  contains  high levels of antioxidant
polyphenolic compounds aside from ursolic acid. We
are currently pursuing the purification and

identification of the active components in P. fruticosa
and will perform further functional evaluations in a
cell culture system.

Presently, antioxidation is considered an important
feature of foods. ROS are highly reactive oxygen-
related molecules. A small, but significant, portion of
oxygen molecules in the body is converted to ROS
via enzymatic or non-enzymatic reactions. Most ROS
is rapidly scavenged and detoxified. However, excess
ROS ROS  that
unscavenged and can have severe consequences. In
ROS rapidly attacks lipids and other

production leads to goes

particular,

biomolecules including nucleic acids, resulting in
peroxidation. An accumulation of peroxidized lipids
can induce atherosclerosis and other cardiovascular
diseases. Oxidative damage to genomic DNA can
cause cancer and other diseases.

Antioxidants are chemical agents that suppress
peroxidation. As such, they play an indispensable
role in homeostasis and health maintenance. Many
traditional foods and medical plants are used in
Japan and other areas for longevity; recently, some
have been shown to have strong antioxidant
activities. For example, there is a wide variety of
the

Japanese islands, the Okinawa islands, where the

antioxidant foods and plants in southern
indigenous population is known for its longevity.
The consumption of antioxidants contained in the
traditional Okinawan meal may promote Okinawan
longevity. However, in recent years, the Okinawan
lifespan has declined ; this may be due to a shift
towards a Western lifestyle after a long occupation
by United States and recent urbanization. Indeed,
obesity and other lifestyle - related diseases are
increasing in Okinawa, and the average lifespan has
declined each year. The situation in Okinawa may
foreshadow similar crises in Japan and other Asian
countries, including Mongolia. Therefore, it is critical
to investigate the health benefits of traditional foods.

The longevity and health of the Japanese and

Okinawan populations are likely due to their large
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variety of foods. In contrast, there is a smaller
variety of foods in Mongolia. For hundreds of years,
the Mongolian people have had a nomadic lifestyle.
The staple foods of the Mongolian nomads are
meats and dairy products. Their only common plant-
derived foods are wheat breads or noodles and tea.
Although consumption of vegetables and fruits is
increasing in Mongolia, it remains lower than that
of Japan and the United States. Many epidemiologic
studies  have demonstrated  that  excessive
consumption of animal-derived foods contributes to
an increased risk of lifestyle - related diseases,
including cardiovascular diseases. The increase in
lifestyle-related disease in Japan, Okinawa, and other
countries may be a vresult of an increased
consumption of animal-derived foods. However, data
from the Mongolian government and the WHO"
indicate that those diseases are less common in
Mongolia than expected. While the morbidity rate of
coronary disease in Mongolia is almost equal to that
of the United States, the morbidity rate of diabetes
is approximately 1/5 that of Japan and the United
States. In the United States, which has a high
prevalence of lifestyle-related diseases and obesity,
the government has enacted a national project
named “Healthy People 2000” in order to reduce the
occurrence of these diseases. It is surprising that
the Mongolian population, which consumes mostly
meat and dairy products, should have a low rate of
lifestyle-related disease. This phenomenon is termed
the “Mongolian Paradox™, which is based on the
famous French paradox. French people consumed
many animal-derived fats but have a lower rate of
cardiovascular than other European populations. It is
now thought that the

protected due to a high consumption of red wine,

French population is

which contains antioxidants, such as anthocyanidine

pigments from red grapes. Therefore, we

hypothesize that factors found in traditional

Mongolian foods help prevent lifestyle - related
diseases.

The use of traditional medicines and medical
plants in Asia has 3 important origins: Ayul Veda
from India, Chinese medicine, and Tibetan medicine.
Mongolian medicine has been influenced by these
practices, especially by Tibetan medicine and
Tibetan Buddhism. Nevertheless, the
usage of Mongolian plants has a long tradition that
to the

conditions, and nomadic lifestyles.

medicinal

is unique Mongolian climate, geological

We hypothesize that the factors underlying the
“Mongolian Paradox” are the use of fermentation
and medical plants. Fermentation is used for milk
storage and hygiene. Fermentation of milk with
Lactobacterium and other microorganisms, such as
yeasts, increases the nutritional value of milk by
vitamins by

inducing  the production of

microorganisms ; fermentation also results in the
production of probiotics and prebiotics that enhance
immunity.

The Mongolian people have utilized medical plants
as a natural gift, “Medicine Box on Green”. Under
the Munkhtengel (The Eternal Sky, an object of
worship in the Mongolian culture), *Mongolian
Paradox™ is ongoing and supports the Mongolian
people’s health. The present study on Mongolian
traditional medicine may benefit the health of not
only the Mongolia people, but also those around the
world.
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Effect of Heat and Conditioning Treatments
on Chilling-induced Increase
in Electrolyte Leakage of Cucumber Fruit
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The efficacy of water heat and conditioning treatments to improve chilling tolerance in cucumber
fruits was determined based on electrolyte leakage from flesh sections. Water heat treatment at 40—~
50C for 15~60 min significantly retarded the chilling-induced increase in electrolyte leakage (CIEL) of
cucumber fruit stored at 1C. Conditioning treatments ranging from 10C to 40C for cucumber fruit
showed little effect on retarding the CIEL, and lower temperatures of 10C ~15C required longer

durations.

(Received Jul. 28, 2011 ; Accepted Oct. 5, 2011)
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The cucumber (Cucumis sativus L.) is a widely
cultivated plant of the gourd family Cucurbitaceae,
members of which are known to be warm-season
horticultural crops. It is evident that exposure to
abiotic stress, such as heat shock before chilling,
increases chilling tolerance in chilling - sensitive
plants’. Hrrose” reported that pre-storage warming
for 24 h at 36C to 40C (but not lower than
30C) considerably reduced chilling injury and the
respiratory rate of cucumber fruits during storage
at 5C.

Low temperature conditioning (6 or 8 C) for 3
~ 5 days prior to 0C storage reduced external
chilling injury of avocado”, 5C for 6 days before
0 C storage for up to 54 days reduced postharvest
chilling injury in loquat” and 10 or 20C for 5 ~15
extended the shelf life of

Development of chilling injury in cucumber fruits is

days eggplant” .

related to increased electrolyte leakage®”.
In this report, the efficacy of water heat and
reduce the chilling

conditioning treatments to

sensitivity of cucumber fruit was assessed by

measuring electrolyte leakage.

Materials and Methods

Cucumber (Cucumis sativus L.) fruit were obtained
from a local market in Shizuoka city, Japan. For
water heat treatment, fruit were submerged in
water at 40C (30, 60 min), 45C (30 min), or 50T
(15 min), and for conditioning treatment fruit were
wrapped in a 0.03 mm polyethylene film bag and
kept in an incubator at various temperatures (6,
8, 10, 15, 20, 25, 30, 35, 40, and 45C) for various
durations (1, 2, 3, or 6 days), prior to storage at
1C for 14 days. After water heat treatment at
45C for 30 min, samples were kept at 20C for 0
h (immediately chilled in a slurry of ice and water),
1, 6, and 24 h, and then stored at 1C to check
whether the effect
continued or not at room temperature.

of water heat treatments

Electrolyte leakage was determined by measuring
the electrolytes that leaked from fresh tissue into
deionized water. Sections of 1.5mm thickness were
excised transversely from the center of the fruit,
including the epidermis but excluding the placenta.
These sections were rinsed with 75mé deionized
water for 10 s. Ten pieces of these sections were
at 20C . The

placed in 75m¢ deionized water

§ Corresponding author, E-mail : abkyama®ipc.shizuoka.ac.jp
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electronic conductivity of this water was then

measured 3 times : immediately after placing

sections in deionized water, after 3 h, and after
the total
electrolyte conductivity of sections, the sections and

autoclaving. In order to determine
deionized water were autoclaved at 120C for 20
min and then cooled to 20C.

All experiments in this study had 5 replicates.
Tukey’s HSD test was used for comparison of
differences between groups. Means and standard
error were calculated from the data. The level of

significance was p<0. 05.
Results

1. Electrolyte
cucumber fruits
The

sections of cucumber fruit stored at 1C was

leakage from fresh sections of

rate of electrolyte leakage from fresh
assessed (Fig.1). Samples stored for 14 days showed
significantly (p<0.05) increased electrolyte leakage,
around 8-fold higher than 0-day samples and 3-fold
higher than 7-day samples. From these data, it is
clear that fresh cucumber fruit release a higher
rate of electrolytes for 14 days at 1C, which
might be due to internal tissue damage without
pitting.

2. Effect of water heat treatments before chilling
on electrolyte leakage from cucumber fruits
Water heat treatment before cold storage of

various fruits is a well-known method of food

preservation. Before chilling at 1C for 14 days,
various temperatures were applied to cucumber
fruits for water heat treatment; cucumber fruit
were marinated in hot water at 40C (30, 60 min),
45C (30 min) and 50C (15 min) before storage at

1T (Fig.2). Among these water heat treatments,

50
40 |
30 |
20 |

10 |

Electrolyte leakage (%)

0!
0d

7d
Days at 1C

14d

Fig.1 Change in electrolyte leakage from fresh sections
of cucumber fruit stored at 1 C

treatment at 45C for 30 min was found to be the

most effective in retarding CIEL, which was
significantly different between treatment samples.
The

leakage than heat-treated samples, indicating that

control sample showed greater electrolyte
water heat treatment was an effective preservation
technique before chilling.

Electrolyte leakage of cucumber fruit heated at
45C for 30 min followed by holding at 20C was
assessed after 14 days of storage at 1C. It was
found that treatment at 45C for 30 min (20C, 0
h) was significantly (p<0.05) more effective in
retarding CIEL than other treatments (20C for 1, 6
or 24 h), which showed CIEL similar to initial raw
samples (Fig.3). However, under the same condition
(20C), electrolyte leakage increased over time; for
example, electrolyte leakage had increased at 24 h
of treatment and a similar increasing pattern was
observed at 48 h of treatment (data not shown).
The rate of electrolyte leakage was markedly high
in the control, indicating that water heat treatment
before chilling was effective to retard CIEL.

3. Effect of conditioning treatment before chilling
on electrolyte leakage from cucumber fruit

In the the
electrolyte fruit

conditioning treatments, rate of

leakage from control increased
during storage at 1 C for 14 days as compared to
the initial samples (Fig.4). Cucumber fruits treated
from 6 to 20C showed higher electrolyte leakage
relative to control samples. A longer period ( 6
days) of conditioning treatment at 10, 12, or 15T
resulted in greater retardation of CIEL than did a

shorter period (3 days) of conditioning treatment.

70
60
50
40

a
b b
30
20 ¢ i

Control  40C30min 40C1lhour 45C30min 507 15min'

Tretment

Electrolyte leakage (%)

J—
o O

Fig. 2 Effect of water heat treatment on electrolyte
leakage from fresh sections of cucumber fruit stored
at 1C for 14 days

Each bar represents mean=*SE, n=5.
Different letters indicate significant difference, (p<0.05)
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Fig. 3 Effect of water heat treatment on electrolyte
leakage from fresh sections of cucumber fruit stored
at 1T for 14 days

Each bar represents mean=SE, n=5.
Different letters indicate significant difference, (p<0.05)
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Fig. 4 Effect of conditioning treatment on electrolyte
leakage from fresh sections of cucumber fruit stored
at 1C for 14 days

Each bar represents mean=SE, n=5.
Different letters indicate significant difference, (p<0.05)

Treatment at 25~40C showed a slight tendency to
retard CIEL but was not significantly different, and
1 day of conditioning treatment at 45C showed
significantly retarded CIEL, similar to that seen
with water heat treatment.

Discussion

In the present study, control cucumber fruit
(Fig.1) showed a higher rate of electrolyte leakage
during long-time storage, an observation supported
by similar previous findings with cucumber® and
tomato”. It is well known that each cell is a
reservoir of electrolytes that is protected by the cell

membrane, and the amount of ion release by the

cell is inversely related to the retention capability of
the cell membrane. The cell membrane permits the
release of more ions when membrane permeability
is increased by damage and other environmental
factors®.

Water heat at 45C
(Fig.2) was found to be most effective in retarding

treatment for 30 min
CIEL among all the water heat treatments. These
results indicate that the application of water heat
treatment before chilling makes the tissue more
resistant to the physiological damage that occurs
during chilling. McDoNALD et al!® have also
reported that CIEL was retarded upon water heat
treatment of tomato fruit before chilling. In general,
the positive effect of heat treatment to retard CIEL
in cold - stored horticultural products is well
documented and reported”. The salient causes of
such a protective effect are thought to be the
consequences of the induction, synthesis, and
accumulation of heat-shock proteins'. In addition to
heat-shock proteins, other cellular components are
associated with cell permeability and electrolyte
leakage in pre-heat-shocked cold-stored cucumber
fruit.

Conditioning treatment (Fig.4) of cucumber fruit
at 10 to 15C for a longer period (6 days) was found
to be in retarding CIEL than a

shorter period (3 days). A similar conditioning effect

less effective

has been demonstrated in eggplant fruit”. The
lower retardation of CIEL with a longer period of
conditioning might be due to cold shock before
storage, which might be a factor in changing the
walls. The
increase in electrolyte leakage with treatment at 10

permeability status of cell irregular
to 15C for a shorter period could be due to the
excessive damage of cellular components. Electrolyte
leakage with conditioning treatment at 45C was
similar to water heat treatment, which might be
due to the
permeability.

reduced damage to membrane

This study reports a greater protective action of
water heat and conditioning treatments against
chilling injury in the cold storage of horticultural
products ; however, the core mechanisms of the

superiority of water heat and conditioning
treatments are still unclear and require further
study. Pre-storage treatment with either water heat
or conditioning treatment was effective to minimize
leakage and chilling

electrolyte sensitivity  in

cucumber.
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Effect of Starch and Cell Wall Degradation Endospermous Enzymes
on the Palatability of Cooked Rice
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&, MSARNVER %5203 5 Z L AURB S, BB
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PGERIATS 7 Faua ool -4EE520H L,
REOWALCHEIAE TG T2 L5, Hr oW
o, Ll, 4 FMOHEIEH 55, KILPPG
DO % WA DOFEH 2 Bk & ORI 5
wmhhwv, 22T, H, PBIUCENEOR RS 9 W
#HWT, PGIfitk®E, K727 AF v —3B L OHIL R
DREEWETH BRI FUERBORLBEEIT- 7% Z0D
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(37) OB 3) REEWRICE D % RIRFLEE RN 37
F 1 FHEK &REOMMBLRE S HE W] 55 ORI O e

N7 F Vs A3k a— 2AAEG A3 b a— ZABHES

USRS KO FEK xR ISR N xR
p AT FauavEE  63.70+19.6 19.71+ 8.30 0.69*1.18 1.84+1.60 1.35+1.27 1.23+1.88
p-FTa—2R 8.49+ 0.74 5.93% 0.25 47.69+4.17 49.79*4.45 39.45+4.82 51.40+6.21
—7oE =2 11.99+ 0.59 6.01+ 0.18 30.38+2.01 34.46+0.45 22.61+3.51 26.37+7.62
-7 a— R 4.08% 0.02  36.91+10.9 18.33%9.47 6.89+5.31 20.04%5. 44 11.07£7.28
b ATT =R 8.19+ 0.76 4.94% 1.03 2.14+1.81 2.40+0.27 6.20=0.50 3.77%=1.00
N — A 0.70% 0.36 1.09% 0.36 0.50+0. 40 0.66+0.06 4.66+2.81 0.66=0.20
—F A/ —2A 1.14% 0.54 2.39+ 3.27 0.03+0.02 0.36+0.05 0.75%0.55 0.68%0.17
-7V LR 0.59+ 0.38 0.84% 1.12 0.25%0.39 3.11+0.67 0.94+1.31 3.86+0.53

p-) K= 1.12+ 0.20 22.17+ 5.20 N.D. N.D. N.D. ND.

N=3 AV.=SD.  ND.=Not Detected  #& (%) :[%] =#&him (wmol/g) /FHimDFEM (umol/g) x100

HhrIv=aren

K2 KRB KORYFT I FauF—BERRELERHTT 7 AF v — & OB

RYVFT I Fa
) . 7 171 RYF VR
SHElk o — B
(x10"*Unit/g) (X 10°N/m) (x10°]/m3) (%)
aveny 35.2 2.10 24.00 40.7
HE7-2Fb 30.8 2.40 20. 94 39.2
DEBITh 30.7 3.31 17.37 40.1
P F 29.1 3.68 16.43 38.2
M202 27.9 4.01 14.14 38.5
K294 23.5 4.29 10.01 39.2
Hha—2L 23.2 4.51 10. 28 35.1
L1205 27.0 4.60 0.96 33.4
T. W. R. 23.4 4.98 0.84 33.3
HHBEAREL
RUAT7F 2 1..000 ~0.908** 0.796* 0.677*
T — i ' ‘ ' '
Y F R 0.677* —0.800** 0.901** 1. 000
% 3%k--p<0.01 *---p<0.05

THY, FREOY Yy Rk TEWENZR L (E

2)o KRIEFLARZ F VTR 1240. 7~33. 3% WA L,
N7 F VBRI AREOEES (r=-0.800, p<0.05)
EORICHADOMBA, PGIEMER (r=0.671, p<0.05)
EDOBIIEOMBZ IR L7z,

—%, B2 by —E (LT, Gal) &, BEK
APIHEEENT 4 ~ 55 EH LYY, v b OBBR
2BV T ZOMERIC L o THIBREL BE R s, &
T 7 M= ZARDPEFITHINT A EAHLPIIEIN T
%%, 4 AEEMI L )RR S N -Galotidd 5 057,
KEAHF OGallZ oW TOFHEFIZ RV, £2 T, KEZ
Galifithi & KT A 7 F ¥ —DERIZDOWTIRE L 726
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HiomsE4% )l o7v vy MIBVT, 4
S A= R ST [ AP SYATL A NSIRNE A BYAR 2 /S
WEFLGalifith & & KR T OM X (1REED) Lol

WCEOME (r=-0.547 p<0.01) 2Eo5n7z (M3),

KB FE T O KRN TRIFAPGE L 0Gallz 2 h2h
60CH L VBT F TIHMEAFRAFL (K4), KD H I
HRICBWT I NS OREFE DRI RE L VR L
BREZERT 2 EME LTHRIEL TSI 2P 521
L7
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IRERHZAER 9% 2 & B & 512 % » 72 R IEFLHPG
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DDTAVIFALLADPHFELELTVWEL I L EWD THERL
72" (M5)s MALDI-TOFMSIZ & 2 E &5 515 5
nNiX7F FOEE 57— % &£The Rice Annotation
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(39) OB 3) REEWRICE D % RIRFLEE RN 39
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